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Abstract 

Fast Beam Studies of Free Radical Photodissocialion 
by 

Douglas Robert Cyr 

Doctor of Philosophy in Chemistry 

University of California at Berkeley 

Professor Daniel M. Neumark, Chair 

The photodissociation of free radicals is studied in order to characterize the 

spectroscopy and dissociation dynamics of the dissociative electronic states in these 

species. To accomplish this, a novel method of radical production, based on the 

photodetachment of the corresponding negative ion, has been combined with a highly 

complementary form of photofragment translational spectroscopy. The optical 

spectroscopy of transitions to dissociative states is determined by monitoring the total 

photofragment yield as a function of dissociation photon energy. Branching ratios to 

various product channels, internal energy distributions of the fragments, bond dissociation 

energies, and the rranslational energy-dependent photofragment recoil angular 

distributions are then determined at selected excitation energies. A detailed picture of the 

dissociation dynamics can then be formulated, allowing insight concerning the interactions 

of potential energy surfaces involved in the dissociation. 

After an introduction to the concepts and techniques mentioned above, the 

experimental apparatus usrd in these experiments is described in detail. 

The basis and metiods used in the treatment of data, especially in the dissociation 

dynamics experiments, are then put forward. 



A brief illustration of the capabilities of the experiment is then given, using as 

examples results from the the initial photodissociation studies completed on the 

prototypical test systems of O z and the N 3 radical. 

An investigation of the spectroscopy and dissociation dynamics of the NCO radical 

following excitation of the B 2Tl<-X 2 n electronic transition is then detailed. 

Measurements of the photodissociation cross section as a function of dissociation 

wavelength show that even the lowest vibrational levels of the B 2 n state predissociate. 

Analysis of fragment kinetic energy release reveals that the spin-forbidden N (4S) + CO 

('£*) products are exclusively produced until 20.3 kcal/mol above the origin, at which 

point the spin-allowed N (2D) + CO product channel becomes energetically accessible. 

The spin-allowed channel dominates above this threshold. By determining the location of 

this threshold we obtain a new AfH°2nK) for NCO of 30.5 +1 kcal/mol, several kcal/mol 

lower than the previously accepted value. 

A photodissociation study of the nitromethyl radical, CH 2 N0 2 , is then reported. 

Two major dissociation product channels are observed at each of three dissociation 

wavelengths investigated in the range from 240 to 270 nm, and are identified as 

(1) CH,NO, -* CH 2NO + O and (II) CH 2NO ; -> H2CO + NO. No evidence is found for 

simple C-N bond fission to give (III) CH 2 N0 2 -» CH 2 + N0 2 . Transiarional energy and 

angular distributions are presented for the two observed channels. The transiarional 

energy distribution of channel (I) peaks at only 5-8 kcal/mol, while the distribution for 

channel (II) peaks at -60 kcal/mol. The angular distributions for both channels are largely 

isotropic. The nature of the electronic excitation and dissociation dynamics are considered 

at length. The upper state in the electronic transition is assigned to the / 2B, state, and the 

data is found to be consistent with both dissociation processes occurring primarily on 

excited state surfaces. 
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Preface 

This thesis is an account of the photodissociation studies carried out using the Fast 

Radical Beam Machine to characterize the dissociative electronic states of several reactive 

free radicals. 

Chapter 1 gives a general overview of the experimental program, including the 

motivation for our work, the approach that is used and the knowledge that is gained. The 

general technique of photofragment translarional spectroscopy is introduced and the 

adaptations present in our experiments are then discussed. The principles of applying 

negative ion photodetachment as the source of our free radicals are also examined. 

Chapter 2 describes the Fast Radical Beam Machine at length, as this thesis is the 

first detailed account of its construction and operation. Included is a description of a fast 

high voltage switch, which was designed and implemented as part of the construction 

process. This switch is the subject of a publication having Dr. Robert Continetri as 

principal author, appearing in Rev. Sci. Instrum. 63,1840 (1992). In addition, a 

promising new source of negative ions, based on a pulsed discharge-free jet expansion is 

oudined within this chapter. 

Chapter 3 provides the details of our data analysis procedures. Included is a short 

description of Monte Carlo forward convolution. This method of analysis is applied in 

time-of-flight distribution analysis of the type found in Chapter 5, and has been used as a 

consistency check of the more direct inversion of data from our dissociation dynamics 

experiments involving the time and position-sensitive detector. This direct inversion 

process is the subject of the remainder of the chapter, with a step-by-step description of 

the techniques involved in the analysis of experiments such as those described in Chapter 6 

(see below). 

In Chapter 4, examples of experimental results obtained in our studies of 02 and 

N 3 are presented as an illustration of the capabilities of the machine. The 02 data shown is 
xiv 



part of a data set which resulted in a letter to appear in Chemical Physics Letters and a full 

article to be submitted to the Journal of Chemical Physics, both of which will have Dr. 

David Leahy as the principal author. The N 3 data have been published previously with Dr. 

Robert Continerti as the principal author, the relevant articles can be found in Chem. 

Phys. Lett. 182,406 (1992) and J. Chem. Phys. 99, 2616 (1993). 

Chapter 5 describes experiments characterizing the NCO free radical. The 

photofragment time-of-flight spectrum is analyzed to reveal the occurence of spin-

forbidden dissociation below the energetic threshold for spin-allowed dissociation. It is 

then shown that above the threshold for spin-allowed dissociation, the spin-allowed 

channel dominates. From the determination of this threshold, we are able to directly 

deduce a heat of formation for the NCO radical. These experiments resulted in the first 

full publication from this machine; published in J. Chem. Phys. 97,4937 (1992). 

Chapter 6 contains an account of our work on the nitromethyl radical CH2NO2. 

This radical dissociates in a manner completely different from that which might be 

expected based on the UV photodissociation behavior of nitromethane, CH3NO2. We 

observe the existence of two major dissociation channels, and propose excited-state 

mechanisms that are consistent with the experimental observations. This work was 

discussed in preliminary form in SPE Proceedings 1858, 49 (1993) where the principal 

author was Dr. David Leahy, but a more detailed treatment, following Chapter 6, will 

appear in the December 1" 1993 issue of the Journal of Chemical Physics. 

Appendices A and B contain the Control and Data Aquisition programs FRBM 

andTPS. 
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Chapter 1 

Fast Radical Beam Photofragment Translational Spectroscopy - An Introduction 

In recent years there has been a growing interest in the characterization of reactive 

free radicals. These species have long attracted attention1 because of their universally 

acknowledged role as important intermediates in a variety of critical processes, such as 

many of those found in combustion or atmospheric chemistry. However, both the inability 

to easily generate such species purely and their high reactivity once made have historically 

hindered their study. For this reason free radicals are, in general, much less well 

characterized than stable, closed shell molecules. 

Consequently, the thermodynamics and photochemistry of radicals is often ill-

defined. Many radicals have large uncertainties associated with even the most basic 

thermochemical information, such as their heats of formation. These quantities are vitally 

important if we are to fully understand and eventually model processes involving these 

radicals. 

Further motivation for the investigation of the free radicals lies in the fact that the 

open shell nature of free radicals will result in a higher density of low lying electronic 

states. Because of the presence of these low lying electronic states we can expect a 

relatively rich spectroscopy and photochemistry for these species. This increased state 

density will also result in a higher probability of surface crossings following 

photoexcitation, which will often result in complex dissociation dynamics. The dynamics 

involved in such dissociation processes will be directly reflected in the nature of the 

resulting product final state distributions. In addition, this regime where strong interaction 

amongst various excited states is common can typically be accessed with relative ease in 

free radicals (the excitation energies required are usually amenable to visible or UV laser 

excitation). In this regard free radicals may represent model systems for study of these 

interactions. 
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In cases where the difficulties associated with generating a suitable sample of free 

radicals have been overcome, spectroscopic techniques such as laser induced fluorescence 

(LIF), mulriphoton ionization (MPI),2 and absorption spectroscopy have enjoyed success 

in the study of the bound states and molecular structure of free radicals.3 

Dissociative states of free radicals, however, have received much less attention. A 

brief review of work completed thus far in this area is given in the next section. In the 

remainder of the chapter, our technique, fast beam photofragment translational 

spectroscopy, is outlined, followed by a consideration of what can be learned from 

photodissociation spectroscopy and dynamics experiments. The final section of the 

chapter discusses the method by which we produce our reactive free radicals for 

subsequent photodissociation, namely, photodetachment of the corresponding negative 

ion, and goes into some detail about the characteristics of this process relevant to our 

application. 

1.1 Background 

Lee and co-workers have completed a variety of photofragment translational 

spectroscopy studies involving the photodissociation of radicals. Specifically, they have 

studied the primary photodissociation of CClj, C102, and N 0 3 radicals. The secondary 

dissociation of the CCH and HS radicals, observed following the primary dissociation of 

C^Hj and H 2S, respectively, also received attention, although secondary dissociation 

experiments in general suffer from ill-defined initial state preparation of the radical via the 

primary dissociation process. Briefly, Hintsaet al.4 used photolytic generation of CC13 

from the precursor CC14, followed by thermalization in a buffer gas and then molecular 

beam expansion. This allowed the study of CC13 photodissociation, to form C Q 2 + CI. 

Davis and Lee 5 observed a mode specific effect in the photodissociation of C102; where at 

roughly the same photolysis energy concerted elimination of 0 ; is promoted by both 

bending excitation and combinations of symmetric and antisymmetric stretches. 



Additionally, Davis « al.6 directed a study at the photodissociation of the N 0 3 radical. 

Two separate dissociation channels were observed, forming NO + O, and NO, + O 

products. A heat of formation was found for the N 0 3 radical, by measuring the O-NO, 

bond dissociation energy, which is in good agreement with a recent value determined by 

Weaver et a l . 7 . The height of die potential barrier involved in the N 0 3 -»NO + O, 

channel was also determined. Wodtke and Lee s used 193 nm light to photodissociate 

C,H 2, observing secondary dissociation of the CCH in the process. Three electronic levels 

of Cj are populated as a result of dissociation, with the lower '£ and 3 n„ electronic states 

having a greater amount of vibrational excitation than the 'IT,, electronic state. Secondary 

HS fragmentation was observed in a photodissociation study of H ;S by Continetri et al.,9 

providing an improved heat of formation for the HS radical. 

Coombe and co-workers10 performed photolysis experiments on NCO at 193 nm, 

forming CN (X 2 2 + ) + O (3P) and monitoring the laser-induced fluorescence of the CN 

fragment. 

Houston and co-workers11 have thoroughly investigated HCO/DCO dissociation, 

observing interesting effects on predissociation lifetime, photofragment recoil distribution 

and CO product distributions brought about by pumping various AT levels of the upper 

A(2A") state. These observations confirmed a dynamical curve crossing model developed 

by Dixon 1 2 to describe the A(.ZA")-X(.2A') Renner-Teller interaction.13 

Ng and co-workers have investigated the dissociation of the HS]i and CH 3 S 1 5 

radicals. They determine the S(2P)/S('D) branching ratios and the fine structure 

distribution for the S( 3/y = 2 ,<,) photoproducts following 193 nm photolysis for both 

radicals through 2+1 resonance enhanced multiphoion ionization of the S atoms. 

Dagdigian and co-workers16 have observed the production of ND from the 

predissociation of the DNF radical. This molecule is subject to Renner-Teller interaction, 

between the .4(2A') and X(2A") states, just as is found for HCO (the state ordering is 

reversed here, however). Radiative lifetimes for various M'A') excited levels are found. 



and considerable state-mixing is proposed to explain the photofragment excitation spectra, 

which also depend significantly on which ND rotational level is probed. 

As can be seen by the preceding summary, clever methods exist through which 

dissociative states of free radicals can be investigated. However, with the notable 

exception of Lee's photofragment spectroscopy experiments, which use mass selected 

time-of-flight following electron bombardment ionization, these techniques lack broad 

generality, as they depend on the formation of a photoproduct that can be probed via a 

state-selective technique such as MPI or LIF. In addition, the limited number of studies 

involving reactive free radicals underscores the fact that a truly general source of reactive 

free radicals remains elusive. 

It was the major goal of this project to develop a general technique for probing 

both the spectroscopy and the dynamics of dissociative electronic states, suitable for the 

study of reactive free radicals. To do this, we have developed a novel method of 

generating a pure, internally cold beam of free radicals for subsequent photodissociation. 

The spectroscopy of the dissociative electronic states in a given radical is then mapped out 

by measuring the total photofragment flux as a function of excitation energy. To 

investigate the dynamics of a particular dissociating system, we utilize a coincidence 

version of photofragrnsnt translational spectroscopy that is adapted to our fast beam 

conditions (see below). This allows us to obtain detailed information about the disposal of 

energy within the various degrees of freedom in the photofragments. By exploiting the 

relationship between the product state distribution of the photofragments and the 

molecular potential energy surfaces sampled during the dissociation, we can learn about 

the potential energy surface(s) involved in the dissociation process. 

12 Fast Radical Beam Photofragment Translational Spectroscopy 

Photofragment translational spectroscopy is an extremely general, powerful tool 

for investigating molecular photodissociation dynamics. , 7- , s The original form of 
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photofragment translauonal spectroscopy, demonstrated by Wilson'9 in the late 60's, 

involved the dissociation of a molecule of interest, followed by the measurement of the 

distribution of times taken for a particular type of photofragment to travel a well-defined 

distance to a detector, all in a collision-free environment. Since then, substantial 

improvements in both laser photolysis sources and the original experimental design 1 7 have 

been made. In addition, variations of the basic experiment have appeared, perhaps most 

notably the ion-imaging technique of Chandler and Houston2 0 and the H atom time-of-

flight method developed by Welge and Ashfold.21 

Our experiment involves quite a different application of photofragment 

translational spectroscopy. It can be summarized as follows: 

AB' to' > AB + e ' *"= ) A + B. (1.1) 

In Eqn. (1.1), as is true throughout this chapter, AB refers to a generic free radical, not 

necessarily a diatomic, and therefore the products A and B may be polyatomic. 

Due to their open shell nature, free radicals typically have positive electron 

affinities. Our experiment utilizes this property in order to generate a pure, 

we'.l-characterized packet of free radicals via photodetachment of the corresponding 

mass-selected negative ion. As an added advantage, the high (5-8 keV) laboratory frame 

kinetic energy imparted to the radicals during their acceleration prior to detachment allows 

both the efficient collection and detection of photofragments, since they must simply strike 

the face of a microchannel plate (MCP) detector. 

Two types of photodissociation experiments can be carried out within this general 

scheme, as alluded to in the previous section. The photofragment flux can be measured as 

a function of dissociation photon energy, hv2, to map out the dissociative transitions of the 

free radical. Following this, die dissociation dynamics at a given photon energy can be 

investigated using a coincidence time- and position-sensitive detector.21-23 which allows 
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the determination of the photofragment translational energy distribution and energy-

dependent angular distributions. 

The version of photofragment translational spectroscopy employed in our 

experiment differs from Wilson's original method in two major ways, which are uJrimately 

a consequence of the kinematic scheme we use for in vestigaring free radicals. Since free 

radicals are generated by photodetaching an electron from the negative ion corresponding 

to the radical of interest, we have the ability to produce the free radicals following 

acceleration of the precursor negative ions to a high laboratory kinetic energy (resulting in 

the formation of a 'fast beam'). This fast beam approach is similar to the method 

pioneered by Los' group, 2 2 , 2 4 and also used by Helm and Cosby,2 5 for studying dissociative 

states of small molecules via dissociative charge exchange between a positive ion and 

metal vapor. 

High center-of-mass laboratory kinetic energy allows: (1) efficient (>50 %f6 

detection of photofragments through simple collision with the face of a microchannel plate 

detector, eliminating the need for ionization or other final steps to permit detection, and 

(2) high collection efficiency, a necessary component of any coincidence detection 

scheme. If the combined collection and detection probability for a given single fragment is 

given by the fraction/, the probability of a given coincidence event being detected will be 

only/ 2. However, because in our experiment ;he kinetic energy release of the fragments is 

relatively small compared to the large laboratory kinetic energy, the photofragments 

typically do not scatter far from the beam axis during the flight time prior to detection, and 

thus both fragments impinge on opposite halves of the same on-axis microchannel plate 

detector. In this configuration nearly all of the recoil angle distribution can be accepted at 

once, which compares favorably with most other methods. When using our time- and 

position-sensitive detector, we determine the distance between the two fragments and 

their orientation at the detector face, in addition to the difference in tfieir time-of-flight. 

This directly yields the magnitude and direction of the center-of-mass velocity vector for a 
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single dissociation even: in three dimensions. The resolution of our detection scheme is 

considered more fully in Chapter 2, however, the coincidence aspect of our technique is 

beneficial in this regard (see § 2.7.6.5). As a result, our translational energy resolution 

(AE/ET = 0.7%) 2 7 also compares favorably with other forms of photofragment 

rranslarional spectroscopy. 

Fast beam photofragment translational spectroscopy is quite a general method for 

the study of free radical photodissociation. Although photodetachment of a fast, internaUy 

cold, mass-selected negative ion beam is a not a highly efficient means to produce free 

radicals, this has not proven to be a limitation. In particular, the coincidence detection 

scheme processes only one dissociation event per laser shot; for this reason copious 

radical production would not benefit us. 

Two factors prevent our experiment from being completely universal once the 

radical beam has been generated. The accuracy of our kinetic energy release measurement 

requires that the lifetime of the dissociating state not be exceedingly long, since 

dissociation must occur within a ^mall fraction of the total flight time between the 

photciissociation region and the detector. For example, N 3 at a beam energy of 8 keV 

has a center-of-mass flight time (using our standard 1 m flight length) of ~5(J.s. Provided 

the upper state dissociation lifetime is < 30 ns, no noticeable degradation of resolution will 

result. These possible lifetime effects can be investigated by performing the experiment 

with various beam energies or flight lengths. The lifetime 'restriction' is quite reasonable, 

and has not been an issue thus far. 

The second, more strict requirement for any radical system that is to be studied is 

that dissociation must occur to give products of mass ratio less than approximately four to 

one. Higher mass ratios would result in unfavorable kinematics: either the light fragment 

would recoil far enough that it missed the detector, or the heavy fragment would not 

scatter out of the beam axis enough to avoid the beam block designed to prevent 
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undissociated radicals from being detected. This effectively precludes investigation of 

systems where a hydrogen atom is lost, at least in the current design of the instrument 

In the following section, a general overview of the spectroscopic and dynamical 

information we gain from ourphotodissoci?.tion experiments is given, and the relation o 

the potential energy surfaces involved in the dissociation is developed. 

1.3 Photodissociation Spectroscopy and Dynamics 

When embarking on the investigation of a given free radical, we initially wish to 

determine the locations ot the dissociative elecuum., states. Once an electronic transition 

has occurred2 8 that places a radical in an excited state at an energy above the lowest 

dissociation limit, dissociation will occur if a facile pathway exists. This dissociation 

process may be either direct or involve predissociation; the nature of the dissociation 

process can be often be discerned through the spectroscopy ol *he dissociative excited 

state. This subject is now briefly considered. 

1.3.1 The Spectroscopy of Dissociative Excited States 

By their very nature, conventional spectroscopic studies of free radicals pre vide 

the most information about bound ro-vibrational levels within particular electronic states. 

Knowledge of dissociative states of free radicals is limited to the occasional reported 

observation of broad absorption continua, broadened absorption lines, or the breaking off 

of signal i.i certain regions of emission spectra. From many of these studies, particularly 

those involving absorption,29 it is even difficult to accurately determine the onset of 

dissociation. 

As mentioned above, our first goal is to determine the spectroscopy of the 

dissociative electronic states to be investigated. We thus acquire the ;otal 

photodissociation cross section spectrum of the radical by measuring the fragment flux as 

a function of dissociation photon energy. The exact details of our experimental method 
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are given in Chapter 2, but these spectra effectively map out the dissociative electronic 

states of the radical in the photon energy range that we use. When such information 

already exists, we are guided by previously reported observations of dissociative states. 

Two types of dissociation processes, resulting in very different photodissociarion cross 

section spectra, can occur. 

Direct dissociation involves excitation to a purely repulsive region in one 

coordinate of an electronic surface. Depending on the presence or absence of active 

vibrational modes perpendicular to the dissociation coordinate, and the rate of 

dissociation, direct dissociation may contain some broad structure associated with these 

bound modes. In any case, the excited molecule immediately begins to form products as it 

distorts irreversibly along the dissociation coordinate. 

Predissociation, an example of which is illustrated by Figure l . l , 3 0 involves 

excitation to a particular combination of vibrational levels of an excited electronic state. 

Depending on the type of predissociation occurring, this system may subsequendy couple 

to a direcdy repulsive electronic state. Alternately, the system might undergo 

intramolecular vibrational redistribution (IVR) until enough energy to cause dissociation 

appears in the vibrational degree of freedom that is the dissociation coordinate (this 

mechanism often follows internal conversion from the initially excited state to the ground 

electronic state). The strength of the interaction with the dissociative state, or the rate of 

IVR, determines the lifetime of the initially prepared states, and correspondingly, the 

absorption linewidths associated with transitions to these states (the lifetime broadening is, 

in some sense, a manifestation of the Heisenberg Uncertainty Principle). These absorption 

lines will be observed as structure in our photodissociation cross section spectra. 

Figure 1.1 A diagram showing a predissociative system, and the structure which can 
appear in the total cross section spectrum of such a system. As with all of the 
diagrams showing potential energy curves, the radical AB is not restricted to 
be a diatomic, so fragment A and/or B may represent polyatomic molecules. 
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Unstructured photodissociation cross section spectra therefore imply either an extremely 

fast predissociation process or excitation to a directly repulsive state (discussed above). 

It is important to remember that the photodissociation cross section measurements 

that are obtained in this experiment are what is known as 'action spectra'. Action spectra 

contain signal that is the result of a particular process (in our case dissociation) which 

occurs following absorption of a photon. However, quite often the quantum yield for the 

process that is monitored is not unity, and may vary with wavelength. For example, 

fluorescence may effectively compete with dissociation at certain photon energies when 

long-lived predissociative excited states are involved. Therefore, in general, the intensities 

found in photodissociation cross section spectra must not be equated with the absorption 

intensity. 

Once the spectroscopy of a particular dissociative state has been determined, it is 

then of interest to determine several key aspects of the dissociation that is occurring, such 

as: the identity and amount of each product formed; the product translational, electronic, 

vibrational and rotational (resolution permitting) energies; the angular distribution of the 

products; and the dissociation lifetimes. A discussion of the extraction of this information 

from our photodissociation dynamics experiments follows. 

1.3.2 Photodissociation Dynamics 

The quantities of interest in a photodissociation dynamics experiment are the true 

photofragment center-of-mass translational energy and angular distributions. For a one-

photon dissociation the form of the photofragment energy and angular distribution IP(Ejfi) 

can be written as 

f(£ T ,6) = P(£ T)[1 + P(£T)P ;(cos 9)] (1.2) 

where 6 is the angle between the photofragment recoil vector and the electric vector of the 

dissociation laser. P,(cos 0) is the second Legendre polynomial. P(ET) is the (energy-
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dependent) anisotiopy parameter, and P(£ T) is the angle-integrated kinetic energy 

distribution. The significance of the anisotropy parameter, which describes the form of the 

recoil angular distribution, will be discussed below. At this point we will examine die 

relevance of knowing the translational energy distribution. 

With reference to Figure 1.2, it can be seen that Eqn. (1.3) describes the balance of 

energy in a photodissociation experiment. 

EINT.AB + ^hi~ EINT.A + ^mfl + ET + D0 (1-3) 

Here Ehv represents the photon energy, £ T the translational energy (kinetic energy release) 

and EINTAB, ElmA, and E m s are the internal energies of die parent radical and the two 

photofragments, respectively. As will be described, in our experiment great effort is 

expended to insure EmAB ~ 0, and for the subsequent discussion it will be assumed to be 

zero. D0 represents the energy required to form the dissociation products in their ground 

states from ground state radicals at 0 K. 

As mentioned earlier, the energetics of free radicals are often somewhat uncertain; 

for example, large error bars in free radical heats of formation are quite common. 

However, products from the dissociation of such a radical usually have more well-defined 

energetics (i.e., the heat of formation of AB might be fairly uncertain, while the heats of 

formation of A and B could be among the most precisely known.) Because of this, 

photodissociation studies provide a method with which to investigate the energetics of 

free radicals. As Eqn. (1.4) shows, 

Figure 1.2 The energetics involved in a dissociation process. Note the energy 
partitioning which occurs between the internal degrees of freedom and the 
relative translation of the product fragments. On the right is a hypometical 
translational energy distribution that might be appropriate for dissociation of 
a triatomic, with a diatomic and an atom as products. The diatomic is meant 
to have a long vibrational progression excited, with a rotational contour 
giving shape to the vibrational peaks. 
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AfH2K(AB)=AfHgK(A)+AfH!;K(B)-D0(A - B) (1.4) 

the quantity linking the heats of formation values is the bond dissociation energy, DQ, for 

the bond that is broken. 

By measuring the kinetic energy release distribution for a given process, we can 

discern the maximum kinetic energy that is released. If we assume this kinetic energy 

release corresponds to the production of photofragments with no intemal energy, a upper 

limit of the bond dissociation energy, D0, can be obtained viaEqn.(1.5): 

DoZE*-ETMAX. (1.5) 

Then, via Eqn. (1.4), a lower limit of the heat of formation for the radical of interest is 

found. A variation of this method is used in Chapter 4, where it is determined that the N 3 

radical is 0.05 kcal/mol unstable with respect to ground state N 2 + N, and in Chapter 5 to 

determine a value for the heat of formation of NCO, which until our study had been 

generally overestimated by >5 kcai/mol.31-32 

From the translational energy distributions measured in our experiments one can 

infer the internal energies of the products: Rearranging Eqn. (1.3) we get 

EAVAIL = EINTA + Eim.B + ET = Ehv - D0, (1.6) 

where we have defined the energy available for distribution amongst the product 

translational and internal energy degrees of freedom as the photon energy less the bond 

dissociation energy, D0, determined above (or known previously). Therefore, the internal 

energy distribution of the products is simply the available energy minus the translational 

energy distribution. We now have detailed knowledge of the energy disposal in the 

dissociation under investigation. This partitioning of energy into translation and the 

various internal degrees of freedom reflects the dynamics of the dissociation process. As 

will be seen in the next section, the observed dynamics relates directly to the nature of the 

potential energy surface(s) involved in the dissociation. 
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1.3.3 Excited State Potential Energy Surfaces 

The translational energy distributions of the products allow insight into the 

characteristics of the excited state potential energy surfaces involved in the dissociation 

process. For example, if excitation occurs to a directly repulsive surface, roughly half of 

the available energy is channeled in the relative translation of the products. In contrast, a 

simple bond rupture occurring on the electronic ground state with no exit channel barrier 

will result in very little kinetic energy release; the translational energy distribution will 

peak very close to zero (most of the available energy remains in the internal degrees of 

freedom). This behavior is identical whether the original excitation occurred within the 

ground electronic state, via infrared multiphoton photodissociation, or to an excited 

electronic state which undergoes internal conversion to vibrarionally excited levels of the 

ground state. Molecular elimination channels have a large barrier in addition to any 

exothermicity. This results in a large fraction of the barrier being released into translation 

as the closed shell product repels the remaining fragment on the way down the exit 

channel of the potential energy surface. 

When the product fragments are small, there is a limited number of internal 

degrees of freedom that may be populated. In favorable cases (relatively few vibrational 

modes present or active in the products) our translational energy resolution is sufficient to 

determine populations of the product vibrational levels, and we can estimate the extent of 

the rotational excitation by the shape of the rotational contour (i.e., we can determine the 

value of the most probable rotational quantum number, N). These considerations allow us 

to comment in even greater detail on the dissociation dynamics of such a radical. For 

example, a radical that predissociates following an electronic transition from a linear 

ground state to a linear excited state, yet produces a highly rotationally excited 

photofragment, must sample bent geometries as it dissociates. 

As can be seen from the above, the translational energy distribution allows a great 

deal of insight into the nature of the potential energy surfaces involved in the dissociation. 
15 



One last source of dynamical information is available to us, and is discussed in the 

following section. 

1.3.4 Photofragment Recoil Angular Distributions 

As mentioned at the beginning of this section, in addition to the masses of the 

photofragments and the kinetic energy released in the dissociation process, our experiment 

also reveals the angle of the photofragmem recoil with respect to the electric field vector 

E of the linearly polarized laser light (see Figure 1.3). This additional information allows 

further insight into the nature of the dissociative state under consideration,33 since recoil 

angle distributions contain dynamical information, and can identify the symmetry of an 

upper state in a dissociative transition. 

For a one photon allowed transition the probability is proportional to jjl-£| , or 

\i2E2 cos 29, where fi is the transition moment vector, E is the electric field vector of the 

polarized light, and 6 is the angle subtended by the two vectors (note that the transition 

probability is azimuthally symmetric about the electric field vector). In a linear molecule, 

for example, the transition moment is restricted to lying either along or perpendicular to 

the molecular axis. Of course, the transition moment has a well-defined set of possible 

orientations in other symmetry point groups as well. 

If dissociation is prompt, that is, recoil occurs before rotation of the molecular 

frame, the photofragment recoil angular distribution will reflect the initial distribution of 

the molecular axes on excitation. For example, in the case of a linear molecule34 having a 

transition moment parallel to the molecular axis, a prompt dissociation would result in a 

cos*9 distribution of photofragment recoil vectors, while if the transition moment were 

perpendicular to the molecular axis, a prompt dissociation would result in a sin29 

distribution of photofragment recoil vectors. 

Figure 1.3 A diagram showing the quantities determined in our experiment. 
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If, however, the excited state has a lifetime on the order of the period of a 

molecular rotation, the photofragment recoil angular distribution will appear more 

isotropic because of rotational averaging. Thus, the photofragment angular distribution is 

sensitive to both ihe electronic symmetry and the lifetime with respect to dissociation of 

the upper state. 

A standard way of expressing the anisotropy in the recoil angular distribution has 

been developed by Zare. 3 3 This method expresses the probability of recoil at an angle 

theta with respect to the electric field vector E of the polarized dissociation light as 

/(e)=-5-[i+p-p2(cose)], (i.7) 
431 

where P2(cos9) is the second Legendre polynomial in cosG 

_ . . . 3 c o s 2 6 - l .. _. 
P 2(cos6) = . (1.8) 

(3 is referred to as the anisotropy parameter, and it ranges from +2 to - 1 . A cos 28 

distribution corresponds to p parameter of +2, a sin26 distribution corresponds to a P 

parameter o f - 1 , and an isotropic distribution corresponds to a p parameter of 0. 

In our experiment, we have the ability not only to determine a p parameter for a 

given dissociative transition, but to determine P as a function of photofragment kinetic 

energy release from this transition. P(£T) is potentially much more informative. For 

example, a change in dissociation pathway when forming a given product in a different 

electronic state may be signaled by a difference in the anisotropy parameter associated 

with the kinetic energy release values characteristic of each channel. 

1.4 Photodetachment as a Source of Free Radicals 

The main challenge in photodissociarion studies of reactive free radicals is 

preparation of a pure, internally cold sample of sufficiently high number density. 
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Traditional sources of free radicals usually cause a stable, closed-shell, precursor molecule 

to dissociate, forming the reactive free radical as a product. Such sources use techniques 

such as flash photolysis, in which photodissociation is used to produce the radical of 

interest, and electric or microwave discharges, which also result in dissociation. These 

types of sources suffer from two severe difficulties for most applications. First, they are 

not very selective, producing many by-products, often mixed with unconverted precursor. 

This mixture will complicate matters when an experiment is subsequently performed: the 

identity of the signal carrier may be ambiguous. The second difficulty is a consequence of 

the environment present in these energetic sources. The processes at work in these 

sources form radicals by adding enough energy to the precursor to break a chemical bond. 

Unfortunately, energy is generally not deposited into the precursor in a specific manner, 

and the resulting radicals are formed with a great deal of internal energy. On rare 

occasions this can be an advantage, i.e., when the spectroscopy of highly vibrationally and 

rotationally excited levels of the radical is to be investigated. However, in general this is 

highly undesirable. In particular, if the energetics of a particular radical are to be 

investigated, one would prefer as small an internal energy distribution as possible in the 

newly formed radical. This provides more well-defined initial conditions, allowing a more 

accurate accounting of the energy in the experiment that is subsequently performed. 

There have been recent attempts elsewhere to construct free • adical sources which 

typically couple the methods mentioned above to a free jet expansion, thereby obtaining a 

cold, if often impure, source of free radicals. 

Photolytic free radial generation with subsequent free jet expansion is one such 

method which has undergone development by a number of research groups in the past ten 

to 15 years. As mentioned in § 1.1, this technique has been used in some of the previous 

photofragmentation studies of free radicals. The general method is explained in a review 

by Miller35 who has successfully applied it to the spectroscopic study of many radicals 

under free jet expansion conditions. 
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As will be discussed mote thoroughly in § 2.3-5, pulsed discharges have also been 

coupled to pulsed free jet expansions in an effon to form free radicals. In particular, more 

exotic species, with no obvious photolytic precursor, can often be made in this manner. 

Another promising alternative radical source has been developed by Chen and co

workers. They have developed a source3 6 mat works quite well for selected cases of 

radicals.37 They employ a flash pyrolysis source, having a heated tip on the end of a 

pulsed free jet expansion. By synthesizing precursors with carefully chosen substituents, 

nearly quantitative yields of the desired free radical can be formed in the heated section, 

and internal energy present in these radicals is then removed during the molecular beam 

expansion. This technique is limited, however, by the ability to identify and then 

synthesize a precursor which dissociates quantitatively at the appropriate bond on 

undergoing flash pyrolysis. 

Our approach to the difficult problem of preparing reactive free radicals with the 

goals of highest purity and minimal internal energy is to photodetach the negative ion 

corresponding to the radical of interest (specifically, the ion having the same chemical 

structure, but with one extra electron). Since negative ions can be mass selected, an 

immense benefit of this method is that the radical of interest can be generated exclusively 

via photodetachment, completely free of impurities (including unconverted precursor). In 

addition, prior to detachment the ion can be accelerated to high laboratory kinetic energy, 

permitting uncomplicated detection of the eventual photofragments; the detection 

efficiency of tnicrochannel plates for neutral particles with > 1 keV kinetic energy is 

> 50%. M 

The possible advantages of this approach make it seem very attractive. However, 

it is necessary to have the c?' -Nliiy of producing sufficient quantities of the negative ion 

corresponding to the radical of interest. Because of their open-shell nature, free radicals 

tend to have sizable positive election affinities, particularly if they contain one or more 

electronegative atom, and/or can benefit from resonance stabilization of the negative 
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charge. This allows negative ion photodetachmcnt to be a very general technique. The 

method by which we make internally cold negariw ions involves crossing an electron beam 

with the high density region of a pulsed free jet expansion. The details of this source are 

discussed in § 2.3 and subsections therein. The important consideration for the discussion 

that follows, however, is that we have the ability to make a sufficient number density of 

many types of negative ions, typically populating the ground vibrational level and lowest 

rotational states following expansion. 

1.4.1 Photodetachment Considerations 

The electronic selection rules for photodetachment simply require a one-electron 

process (i.e., the neutral must be one that can be made by the removal of one electron 

from the negative ion). For this reason, the ground state of the radical is always an 

allowed final state in the detachment of an electron from the corresponding negative ion 

when the anion is closed-shell, and very often an allowed final state otherwise. 

The proper photon energy is dictated by two factors. Contrary to the 

photoionization behavior of neutrals38 (where the threshold cross section behaves like a 

step function), the photodetachment cross-section for negative ions always rises as some 

function of the energy just above threshold.39-'10 For this reason, it is beneficial to be as far 

above threshold as is practical when photodetaching electrons from negative ions. 

However, the second factor that is important in choosing the photodetachment 

photon energy is the extent of any geometry change on going from the negative ion to the 

neutral. While the full derivation of all considerations involved in photoelectron 

spectroscopy will not be presented here, one key characteristic of this process must be 

appreciated. The photodetachment process occurs on a time scale short with respect to 

vibrational motion. The vibrational population of the radicals formed by photodetachment 

of a vibrationally cold negative ion is thus determined chiefly by the Franck-Condon 

overlap between the v"=0 level of the negative ion and the various energc^ctlly accessible 
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vibrational levels of die radical. When determining FrirCk-Condon factors it is common 

to assume the electronic dipole term is invariant within a given electronic state. The 

relative intensities of the vibrational levels are therefore computed using the relation 

where W^iR) is the vibrational wavefunction of the ground vibrational level of the 

negative ion, and *¥°(R) are rhe vibrational wavefunctions of the neutral radical. In 

pursuing the goal of preparing internally cold radicals via photodetachment oia" electron 

from a negative ion two general cases are possible, as shown schematically in Figure 1.4 

and discussed below. 

If the change in geometry on photodetachment is minimal, as might be expected 

for the removal of a iionbonding electron, then the Franck-Condon factors for AvsO 

transitions will be quite small. In the limit of virtually no geometry change and very small 

changes in frequency, the Franck Condon factors will be such that the ground vibrational 

level of the radical will be the only vibrational level populated from the ground vibrational 

level of the anion. This will hold true even when the detachment photon energy is well 

above threshold. The first panel in Figure 1.4 illustrates this case, showing how in this 

situation, it is w ôe to take advantage of the larger photodetachment cross section 

expected further above threshold by using as energetic :i aetac'iment photon as is 

practical. 

If, on the other hand, the change in geometry on detachment is substantial, the 

Franck-Condon factors will be large for transitions to excited radical vibrational levels in 

the one or more modes which most closely resemble the movement of the nuclei. As a 

result, if the photon energy is far above photodetachment threshold a manifold of radical 

Figure 1.4 A diagram showing the two different cases of photodetachment with respect 
to geometry change between the negative ion and the radical. See text. 
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vibrational levels will be populated As (he second panel of Figure 1.4 shows, there is 

nevertheless a strategy by which radicals can be formed exclusively in the ground 

vibrational level, even in the case of substantial geometry change. This strategy entails 

limiting the detachment photon energy to the threshold energy plus an amount just less 

than the least energetic active vibrational mode (as shown by kv2 in Figure 1.4). 

In short, judicious choice of photodetachment photon energy will typically allow 

photodetachment yield to be maximized while resulting in no additional excitation of the 

neutral radical which is formed. 

Occasionally, the Franck-Condon factors for the 0-0 transition between the 

negative ion and the neutral radical will be unfavorable, and the photoelectron spectrum 

will show only a broad progression in one or more modes, with no evidence for the origin. 

In this case, it must be decided if uncertainty in the internal energy of the radicals prior to 

photodissociation is acceptable. Since there is no shortage of systems that are completely 

amenable to our photodetachment scheme, this case has yet to be explored. However, the 

diminished ability to form free radicals in a well-defined initial state is expected to reduce 

the clarity of subsequent photofragment translational spectroscopy results in a certain 

number of cases, since the total energy within a given dissociating radical is somewhat 

unclear. An exception to this expectation are systems that have a structured total 

photodissociation cross section spectrum (see § 4.1 and § 4.2). In this case, the initial 

energy found in the radical on photoexcitation will still be well-defined, even if a variety of 

vibrational levels in the ground state of the radical are populated via photodetachment. 

1.4.2 Examples 

Examples of the two photodetachment cases oudined above are now given. The 

first example illustrates the case involving a negative ion which has very little geometry 

change upon photodetachment of an electron. N J is a 'textbook example' of this case 

because of the non-bonding nature of the electron that is detached to form the ground 
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state N 3 radical. Rotationaily resolved spectra of the N 3 radical have been obtained.41 and 

more recendy vibration-rotation spectra were obtained for N 3 *2 These spectra show that 

both die radical and negative ion are linear, widi a very small geometry change upon 

detachment. 

The photoelectron spectrum of NJ, shown in the top panel of Figure 1.5, was 

recorded43 widi a separate fixed-frequency negative ion photoelectron apparatus" using 

355 nm (3.49 eV) photons. The lone feature in the spectrum corresponds mainly to the 

000<—000 (often abbreviated as 0-0) transition between the negative ion and the neutral 

free radical. The minor contribution of sequence bands involving the relatively low 

frequency bending mode (i.e., 010<-010, 020<—020, etc.) is suggested by the width of this 

peak, and eventually confirmed in the total photodissociation cross section spectrum (see 

§ 4.3 and Figure 4.6). 

The photoeiectron spectrum indicates that virtually no vibrational excitation of the 

neutral will be occur on photodetachment of the ground vibrational level of the negative 

ion, even with a photon energy well above the photodetachment threshold. In preparing 

N 3 it was typical to photodetach N 3 using the peak of the FTP dye curve, at 343 nm. 

This corresponds to a photon energy of 3.62 eV, well above the measured 2.68 eV 

electron affinity.''3 The benefit of detaching this far above threshold is enhanced 

photodetachment cross section, as described above. Detachment efficiencies of up to 80% 

Figure 1.5 Negative ion photoelectron spectra illustrating the two cases with respect to 
geometry change between the negative ion and the neutral radical. 
Top panel: The 355 nm (3.49 eV) photoelectron spectrum of N 3 . 4 3 The 

photon energy used for detachment to form N 3 in the present experiment is 
-0.94 eV above the detachment threshold. 
Bottom panel: The 266 nm (4.66 eV) photoelectron spectrum of NCO" . 4 S 

In contrast to the strategy employed in the case of NJ photodetachment, die 

photon energy used for detachment to form NCO in die present experiment is 
only -0.05 eV above the detachment threshold, as indicated by the arrow. 
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could be observed for NJ with fresh excimer and dye lasers. 

An second photodetachment example illustrates the case where geometry change 

does occur upon photcdetachment. The 266 nm (4.66 eV) photoelectron spectrum of 

NCO" reported by Bradforth et al., 4 S reproduced in the bottom panel of Figure 1.5, 

shows a progression in the v 3 mode. In order to avoid vibrational excitation in the radicals 

formed via photodetachment, the photon energy must be limited to the electron affinity 

(determined by Bradforth et al. to be 3.609 eV) plus an amount just less than the v 3 

fundamental (-1950 cm-1). In our photodissociarion studies of NCO, to be described in 

chapter 5, we therefore use 339 nm (3.66 eV) photons to detach the electron from NCO". 

While slightly more energetic photons could have conceivably been used without 

exceeding our self-imposed detachment photon energy limit, the maximum for the product 

of the dye curve and the detachment cross section was found to be at 339 nm. 
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Chapter 2 

The Fast Radical Beam Machine 

2.1 Introduction 

The Fast Radical Beam Machine (FRBM) is the experimental apparatus 

constructed in our laboratory to undertake photodissociation studies of free radicals. The 

apparatus is built to enable the photodissociation of a fast beam of free radicals and 

subsequent detection of the resulting photofragments. Generation of the fast beam of free 

radicals is achieved through photodetachment of the corresponding negative ion. 

The machine is a fairly complicated entity, as illustrated by a schematic diagram 

shown in Figure 2.1. To minimize its complexity, it is advantageous to describe the 

machine in sections. By way of an overview, the apparatus consists of a source region, 

where negative ions corresponding to the radicals of interest are generated, internally 

cooled in a supersonic expansion, and accelerated. Next is a region where the negative 

ions are steered and focused wiii. . jostatic optics and mass selected via time-of-flight 

to the photodetachment region. V/ithin the photodetachment region, a tunable pulsed 

laser is timed to photodetach the mass of interest, with the detached electrons collected to 

allow monitoring of the detachment efficiency. Undetached negative ions are deflected 

out of the beam axis onto a detector which allows the source performance to be 

monitored. In the following region the radicals formed by photodetachment are 

photodissociated and the product fragments detected. 

Two types of photodissociation experiments are possible. In a total 

photodissociation cross section experiment, the total fragment signal is measured as a 

Figure 2.1 This diagram shows the overall layout of the Fast Radical Beam Machine. 
Various components of the machine are labeled, as are the differential 
pumping regions. This diagram is roughly to scale; the total length of the 
machine is -13 feet 
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function of dissociation wavelength. To then perform a detailed investigation of the 

dissociation dynamics at a certain fixed wavelength, the kinetic energy and recoil angle 

distributions for each product channel are determined using a time- and position-sensitive 

detector. 

In the rest of this chapter the instrument is discussed at length, as this is the first 

detailed account of its construction. 

2.1 Vacuum Systems 

The machine has five differentially pumped vacuum regions. They are referred to 

imaginatively as the source, first differential, second differential, third differential and 

detector regions, and are labeled in Figure 2.1. An electropneumatic gate valve delineates 

the boundary between the first three high vacuum regions (on the source side) and the two 

ultrahigh vacuum regions downstream (on the detector side). 

On the source side of the gate valve, flanges are sealed with viton o-rings and 

vacuum is provided by diffusion pumps, backed by mechanical pumps. The source region 

is pumped by a 10", 2300 1/s diffusion pump (Edwards High Vacuum, Series 250 Diffstak) 

backed by a 401/s mechanical pump (Edwards E2M40). The first differential region, 

separated from the source region by the 3 mm aperture in the skimmer, is pumped by a 6", 

805 1/s diffusion pump (Edwards High Vacuum, Series 160 Diffstak) backed by an 18 1/s 

mechanical pump (Edwards High Vacuum, E2M18). The second differential region, 

separated from the first differential region by a 4 mm aperture, is pumped by a 2", 173 1/s 

diffusion pump (Edwards High Vacuum, Series 63 Diffstak) backed by an 8 1/s mechanical 

pump (Edwards High Vacuum, E2M8). The diffusion pumps are charged with a 

polyphenyl ether fluid (Monsanto, Santovac 5®) because of its superior electrical 

conducting property. This avoids a problem that can occur when insulating varieties of 

diffusion pump oil are used — inner surfaces of the chamber, coated with a thin layer of 
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non-conducting oil can develop a potential and establish stray fields that affect ion 

production and/or transmission. 

In contrast to the regions prior to the gate valve, the regions following the gate 

valve employ knife edge/copper gasket seals and relatively cleaner sources of vacuum 

having lower ultimate pressure. Immediately beyond the electropneumatic gate valve is a 

1 mm aperture which facilitates differential pumping between the second and third 

differential regions. A second 1 mm aperture separates the third differential region from 

the detector region. The third differential and detector regions are pumped by 120 1/s and 

2201/s ion pumps (Perkin Elmer, Model D-I) respectively. These pumps require no 

backing, but must not be turned on when the pressure is above lfr4 Torr. Longer 

electrode life is expected if the high vacuum regions are brought to 10-5-10* Ton prior to 

the ion pumps becoming operational. This is accomplished by temporarily uniting the 

third differential and detector regions and evacuating them via a 75 1/s turbomolecular 

pump (Varian, Model V-80; backed by an 8 1/s mechanical pump (Edwards High Vacuum, 

E2M8). The ion and turbomolecular pumps can pump in unison in the 10 J to 10-7 Torr 

range, but once the pressure is below I x 10"7 Torr the turbomolecular pump has 

approached its ultimate pressure, and is best isolated from the machine. 

Pressures in all five regions are measured by ion gauges, with foreline pressures 

determined using thermocouple gauges. Typical background pressures for the source, 

first differential, and second differential region are lxlO - 7, 2.5xl0-7, and 2xlQ-7 Torr, 

respectively. After pump down and bake-out of the ultrahigh vacuum region, background 

and operating pressures are in the low to mid 10-' Torr range. 

2.2 Interlock Circuits 

The vacuum system and electronics are protected in case of equipment failure. 

abnormally high pressure in critical regions, and many types of operator error by an 

interlock system. The interlock system allows manual control as well as fail-safe 
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automatic control of the gate valve, all high voltage electronr and various vacuum 

equipment A schematic of the circuit is shown in Figure 2.2 (a) and (b). AD relays are 

shown in their fail-safe positions (i.e., the state that they revert to if the AC power to the 

interlock box failed). The orientation of the indicator lights was chosen such that green 

would be visible when conditions are as they should be while running an experiment. This 

means, for example, that when the electropneumatic gate valve separating the regions on 

the source s<de from the regions on the detector side is open, the green light is on. The 

idea was that if the bell sounds during an experiment, it will be easy to determine the 

status of the interlocks with a glance; in particular, which interlocks have tripped For the 

most part, the symbols in Figure 2.2 can . .2 interpreted with ease. It should be pointed out 

that the circle containing an alternating current symbol indicates A/C power that is fed into 

the interlock box directly from a separate circuit breaker on the rack panel. This power 

then flows out to the designated circuit after passing through a relay controlled by the 

various interlocks appropriate for the control of that circuit. Some details of the interlock 

circuits follow. 

The interlock allows power to all three diffusion pumps to be turned off manually, 

while interrupting power automatically if their respective foreline pressures rise above a 

preset limit, usually -0.2 - 0.5 Torr, or if there is an interruption in cooling water, as 

determined by a bi-metallic temperature sensor mounted on the diffusion pump cooling 

coils. 

Both the first and third differential region ion gauge controllers have ion gauge 

high pressure trip points. The first differential region ion gauga controller was chosen to 

have this capability because it contains the bulk of components that are at the highest 

voltage in the source region. Of the two ultrahigh vacuum regions, the third differential 

Figure 2.2 (a) and ibi The circuit diagram for the FRBM interlock box. See text for 
details. 
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rejion ion gauge controller was chosen because the detector ion gauge is often turned off 

while an experiment is in progress. 

If any of the diffusion pumps or either of the ion gauges has their interlock trip, a 

number of things will occur immediately. The gate valve will close, the source and 

detection electronics plug strips will have their power interrupted, and an ear-piercing, bell 

will commence ringing. It should be stressed that for safe operation, it is essential that all 

high voltage power supplies for the source and detection region be plugged in to their 

interlocked power strips. 

Several features exist in the form of front panel AUTO/OFF switches and 

OVERRIDE switches. As mentioned above, the diffusion pumps have AUTO/OFF 

switches; the user can definitely turn them off using this switch, but with the switch in the 

AUTO position all other conditions must be satisfied for the interlock to allow operation. 

The same is true for the source and detection electronics, and the gate valve. The alarm 

bell also has an AUTO/OFF switch, although of course the conditions for the operation of 

the alarm bell are somewhat opposed to most other components, in that it turns an when a 

problem exists. 

OVERRIDE switches will allow the source and detection electronics to receive 

power despite high pressure or other interlocks being tripped, the sole exception being if 

the manual AUTO/OFF switch corresponding to the respective OVERRIDE switch is set 

to OFF. An OVERRIDE switch is also provided to specifically circumvent the effect of a 

high pressure reading from the detector region ion gauge. 

Two other manual switches are present on the front panel. They control 

electropneumatic valves which can unite the third differential and the detector regions and 

open the turbomolecular pump (IMP) to these regions, respectively. The color of 

indicator light associated with these switches is consistent with our original belief that 

during an experiment the third differential region and the detector region would be 

isolated from each other (true), but that the TMP would be open to the detector region to 
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assist in pumping (false). In fact, as mentioned above, it is found that the ultimate 

pressure of the TMP is greater than the pressure we can attain in these regions wiihout the 

assistance of the TMP. Therefore, contrary to the general rule of thumb stated above, 

under normal operations the indicator corresponding to the switch controlling the solenoid 

between the TMP and detection region is RED. 

The TMP interlock section of this circuit was designed before we acquired the 

TMP, and has never been fully implemented. There is litde incentive to do so because we 

do not have the TMP open to the machine except during pumpdown. Therefore, in 

practice the Turbo Fail and High Foreline Pressure sensors are not present in the circuit 

shown in Figure 2.2, and these 'switches' can be considered to be always closed. 

To provide an fail-safe interlock for the TMP a very simple circuit was built and is 

housed separately. This interlock ensures that if the TMP failed, a valve located on the 

foreline to the pump would close, isolating the relatively 'dirty' foreline and mechanical 

pump from the TMP and the ultrahigh vacuum regions of the machine. A switch allows 

the bypass of this interlock during the initial stages of a pumpdown, where the foreline 

valve must be open to allow the vacuum chamber to be roughed out by the mechanical 

pump even when the TMP is not operational. 

The ion pumps need not be interlocked, and the ultrahigh vacuum region is not 

vented in case of loss of power. Ion pumps will turn themselves off in a pressure 

excursion, and will not create a mess if power is lost. In fact, through 'gettering' action,1 

these pumps retain pumping ability for some time after being shut off (useful during power 

outages). 

23 Source Region 

Within the source region, we wish to generate negative ions corresponding to the 

radical of interest. It is usually highly desirable that these ions have very low internal 

energies, with most of the ions being in the ground vibrational level and the lowest 
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rotational sates. The advantage of populating relatively few quantum states lies in the 

resulting narrow distribution of internal energies. This narrow distribution, if transferred 

to the free radical on photodetachment, will allow for elementary accounting of die total 

energy in the radical on excitation, and a very precise determination of the amount of 

energy partitioned into the internal degrees of freedom of die recoiling photofragments, 

via subtraction of the kinetic energy release from this total energy. As discussed in § 1.4, 

if negative ions are formed primarily in the ground vibrational level, photodetachment can 

usually be undertaken in such a way as to populate only the ground vibrational level of the 

radical. 

The method which is typically used to generate negative ions in this experiment is 

die electron beam-free jet expansion technique developed by Lineberger and co

workers.2'3 In this technique, the continuum flow region of a free jet expansion is crossed 

at 90 degrees by a 1 keV electron beam. The high energy electrons create lower energy 

electrons via electron-impact ionization of the molecules in the free jet: 

M + e~(~l k e V ) - » M + + e " ( < l keV) + e~(>0eV) (2.1) 

The lower energy electrons are rapidly thermalizea via inelastic collisions within the 

expansion and can then participate in the formation of negative ions. Dissociative 

attachment is the major pathway to negative ion production.3 "Dissociative" may mean 

the breaking of a conventional chemical bond, or the "evaporation" of molecules that had 

been bound in a van der Waals cluster. Eqns. (2.2) and (2.3) give examples of both of 

these possibilities, while illustrating our method of producing the azide anion and the 

oxygen anion, respectively: 

C 6H 5CH 2N 3 + e~ -> N3" + C 6 H 5 CH : (2.2) 

0,(0 2 )„ + e - ^ 0 ; ( 0 2 ) „ . r a + m O , (2.3) 

A second route to negative ions that can be formed via proton abstraction involves 

formation of F~ via dissociative detachment of NF 3, followed by die abstraction of a 
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(relatively) acidic proton to make the desired negative ion and HF. This process is shown 

in Eqn. (2.4), illustrating our method of producing the nitromethyl anion: 

NF3 + e- -» F" + NF, (2.4 a) 

CH 3 N0 2 + F" -» CHjNO; + HF (2.4 b) 

At some point in the future, the laser vaporization source4 that has been used with 

great success on the other two experiments in the Neumark Group will be adapted to our 

machine, enabling the production and study of various metallic and semiconductor 

clusters. The pulsed discharge source, discussed further in § 2.3.5, is also expected to 

prove very valuable in the future. 

2.3.1 Source Chamber Design 

The source chamber was designed to maintain maximum flexibility without 

compromising on integrity of construction. The floor of the source chamber, to which the 

large diffusion pumps are bolted, and the downstream wall, to which ..he remainder of the 

machine is attached, are fabricated from 0.75" stainless steel for high strength. Flexibility 

in the design is achieved by having the remaining frame made from 3" wide, 0.5" thick 

strips of stainless steel, with all of the pieces inside-welded vacuum-tight along the edges. 

The chamber walls consist of 1" aluminum plate bolted on to this skeleton, sealed with 

o-ring gaskets. In this way, the large diffusion pumps can be hung from the floor of the 

chamber and the interface to the remainder of the machine is robust, while any of the 

remaining sides or the top can be easily removed for wide-open access to the interior of 

the source chamber. It is also possible to quickly substitute alternate chamber walls 

machined for specialized applications, though this option has not been exercised to this 

point. 
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2.3.2 Pulsed Molecular Beam Valve 

A supersonic free jet expansion is used so that negative ions that are formed will 

undergo internal cooling. The conversion of internal energy to translational energy of 

molecules during a series of collisions in a free jet expansion is well established, and 

documented extensively elsewhere.5 Pulsed lasers are used in both detaching the negative 

ions and to cause dissociation of the radical because of their high peak power. It is 

therefore logical to employ a pulsed free jet expansion. In exchange for the more complex 

operation of a pulsed versus continuous nozzle, the instantaneous number density in a 

pulsed expansion is much higher, concurrent with the more modest vacuum pumping 

speed requirements and low background pressures characteristic of a pulsed molecular 

beam. 

Originally, we experimented with using a standard solenoid-driven pulsed valve 

(General Valve Corporation, Series 9) to produce our pulsed molecular beam. This 

arrangement worked relatively well, but was subject to certain problems. Solenoid 

varieties of pulsed valves draw the poppet back from where it sits covering the faceplate 

by generating a magnetic field which acts on an armature attached to the poppet. The 

magnetic field results from the flow of current through a coil surrounding the armature. 

This flow of current dissipates power and, particularly at high repetition rates, causes 

excessive heating of the pulsed valve. In addition, the poppet that gave the best results 

was made of Kel-F and was easily scored, resulting in a leak that could only be repaired fay 

the replacement of the poppet. Even if the poppet did not become badly scored, it often 

became compressed over time so that it would require adjustment The adjustments that 

were necessary to restore proper operation, principally the faceplate tightness, needed to 

be made outside the machine. This meant venting at least once (but often more that once) 

in order to adjust the valve. Lastly, the armature of the solenoid appeared to lose its 

magnetic properties over time, and needed to be replaced periodically. 

42 



The solenoid valve was soon replaced by a Trickl-type6 piezoelectric valve at the 

urging of Dr. Bob Continent, who had used this design in his past work7 in the laboratory 

of Prof. Y.T. Lee. There was a noticeable improvement in performance using the new 

pulsed valve, principally in the intensity and full widdi at half maximum of the gas pulse, as 

measured using a Fast Ion Gauge (the FIG is discussed in § 2.3.3). In contrast to the 

General V?Jve, the piezoelectric valve dissipates very little power while running, and thus 

does not become warm/hot. Additionally, the piezoelectric valve can achieve 'choke flow', 

where the flat-topped shape of the gas pulse indicates that the faceplate orifice is fully 

open and the pulse is limited by the conductance through the orifice. 

Another important benefit of the piezoelectric pulsed valve design is the ability to 

perform dynamic adjustments on the valve while it is in operation in a test configuration. 

This configuration consists of the valve mounted on the exterior of a flange so that it seals 

a hole which opens to the interior of the source region. The back of the valve casing is 

removed so adjustments to the poppet depth and carrier nuts can be made as the valve 

performance is monitored using the FIG. Once the valve is adjusted optimally, it can be 

reassembled in its case and the mounted inside the machine. An extremely long period 

between adjustments or replacement of parts can be expected. Since the beginning of the 

"Piezoelectric Era" we have not considered a return to the General Valve. 

A short description of the construction of the piezoelectric pulsed valve that is 

currently in use follows. The variations in design that are necessary for using gases that 

swell or damage flexible o-ring material are also given. Lastly, the driving circuit for the 

piezoelectric valve is shown and briefly oudined. 

A schematic showing the cross section of the piezoelectric pulsed valve is shown in 

Figure 2.3. This pulsed valve is designed to rapidly and completely open the small 

(-375 |im) hole in the faceplate. A gas at some backing pressure, (typically 10-40 PSIG) 

rushes into the source chamber through this hole for a short period of time (-100-200 JIS) 

before the orifice :s sealed again. The size of the faceplate orifice can be varied by the 
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substitution of alternate faceplates. The faceplate is normally scale J by a 2-002 viton 

o-ring mounted in a groove cut on the end of the aluminum poppet. The poppet is 

mounted perpendicular to the faceplate through the center of a ceramic disk (Physik 

Instrumeme, U.S. Distributor: Polytec Optronics, Pan No. P-910.160) which has 

piezoelectric properties.8 The rapid opening of the faceplate orifice is accomplished by 

applying high voltage to one side of the disk, which causes it to flex like a drum head. 

The induced translation is up to 100 microns at 1000 V, drawing the poppet and o-ring 

back away from the faceplate. 

In cases where gases are present that will swell or deform the flexible o-ring 

material that normally makes the seal with the faceplate, the standard configuration 

becomes unreliable and a different poppet and faceplate combination is used. The 

alternate poppet is constructed using a Kel-F ball tip screwed onto and aluminum shaft, 

which is again mounted onto the piezoelectric crystal. The Kel-F ball tip seals against a 

conical seat in a modified faceplate. Kel-F is a much stiffer material, which resists swelling 

much better than viton (minor swelling may still occur). However, the stiffness of the 

Kel-F ball means that if it is scored cr deformed, it will leak. Kel-F tips also require very 

precise adjustments to achieve a proper seal against the faceplate. To its credit, the Kel-F 

ball tip allows certain gases to be present in the expansion that could not be used 

otherwise, but is no match for the convenience and reliability of the viton o-ring design. 

The circuit that is used to drive the disk translator was built from circuit diagrams 

supplied by the group of Hanna Riesler at USC, and is shown in Figure 2.4. The main 

components of this circuit are two 1 kV MOSFETs which act as switches. They are 

Figure 2.3 This schematic is a cross section of the piezoelectric pulsed valve used in the 
source. (1) Stainless steel body. (2) High voltage connector. (3) Stainless 
steel faceplate with 0.015" orifice. (4) Piezoelectric translator disk. 
(5) Aluminum poppet affixed to disk with lock nut/screw assembly to adjust 
tension of o-ring seal against faceplate. (6) Carrier o-ring used to damp disk. 
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Figure 2 J 
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arranged in a push-pull configuration, with one MOSFET switching a connection between 

negative high voltage and the piezoelectric disk, and the other MOSFET switching a 

connection between the disk and ground. Normally, die connecnon to ground is present, 

but when triggered, the driver opens this switch, isolating the crystal from ground. 

Simultaneously the other switch closes, allowing the disk to be brought to the negative 

high voltage. At the end of a user-set delay, both switches revert to their normal state. A 

critical factor in driving the disk is that the fall- and rise-times of the potential that is 

applied to the piezoelectric disk must have a minimum RC time constant of -50 us. This 

results in a pulse shape resembling an inverted shark fin. The natural frequency of the uisk 

is 2.5 kHz,8b> and, while this can be safely exceeded to some degree, the disk will crack if 

a high voltage step function pulse is used. 

2.3.3 Fast Ion Gauge 

A fast ion gauge (FIG) is used to monitor the on-axis temporal profile of the 

pulsed free jet expansion. By placing the FIG in front of the free jet expansion the local 

pressure as a function of time can be determined. This allows the performance of the 

pulsed valve to be monitored, an especially valuable asset while the valve is being 

adjusted. The FIG thus allows the narrowest, most intense temporal profiles to be 

obtained in a straightforward manner. 

The FIG is home-built in our laboratory by Dr. Robert Continetti, based on a 

design described by Giese and Gentry9 and his previous experience while a graduate 

student 7 It operates on the same principles as an ordinary Bayard-Alpert ion gauge, the 

difference being a more compact size and the ability for fast time response. Relative 

pressure is determined by ionizing nearby molecules, collecting the ions and measuring the 

Figure 2.4 (a) and (b) The circuit diagram for the piezoelectric pulsed valve driver 
circuit 
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current, which is taken to be proportional to the pressure. 

Figure 2.5 shows the geometry of the FIG components. A pair of 2.6 cm long, 

1 mm diameter tungsten filaments are connected to the leads of a constant voltage/current 

power supply (Power Designs, Model 3650R). When a ~4 V potential is across the 

filaments the resultant current heats the resistive material enough that thermionic emission 

occurs. This emission of electrons causes the ionization of nearby molecules. The 

filament power supply is biased at +10 V by a second power supply (Acopian, Model 

A060NT12). The emission current of the filaments corresponds to the current drawn 

from this float power supply in order to maintain the +10 V bias on the filament power 

supply. An emission current of 10 nA is typically used. A grid, made from a spring and 

thus having a ceil shape, is biased at ~ +200 V with respect to ground using a third power 

supply (Acopian, Model U300Y20). This cylindrical coil encircles the length of a thin 

wire which is nominally a ground potential and acts as a collector of the positive ions. The 

collector leads to the input of the electrometer circuit that provides a time-resolved 

voltage reading corresponding to the temporal evolution of the local pressure. 

The electrometer circuit that provides time-resolved pressure measurement is also 

shown in Figure 2.5. The pressure-dependent current on the collector causes a set of two 

LF 357.T operational amplifiers connected in series to produce an inveri.d signal 

cor/esporing r. the temporal profile of the local pressure in the pulsed beam. The FIG 

output typically has 100 mV of high irequency noise superimposed on a 5-10 V signal. 

This is an unavoidable consequence of such high amplification by the two operational 

amplifiers, but is hardly noticeable on the larger scales required to view the full signal. 

Care must be taken to keep the filament emission current constant, because ion 

current at the collector will reflect any fluctuation or long-term drift. Other problems with 

Figure 2.5 A diagram of the fast ionization gauge geometry and electrometer circuit 
The location in the circuit of the microammerer used to monitor the emission 
current of the filament is denoted by a circle surrounding an " A". 
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reproducibility and comparability of results stem from the exact location of the FIG with 

respect to the nozzle orifice. The velocity spread present in the gas pulse serves to 

broaden the pulse width as it propagates. Therefore, a given pulse will always have a 

wider temporal profile and lower peak intensity when measured further from the nozzle. 

Lastly, different gases will have different propensities to ionize under these conditions and 

therefore give different signal intensities at similar number densities. This also hinders 

meaningful comparison under different conditions. 

2.3.4 Electron Beam 

The 1000 eV continuous electron beam that crosses the high pressure region of the 

molecular beam expansion is generated in an identical manner to previous Neumark Group 

experiments. 4 1 0 These implementations in turn owe much to Lineberger and co

workers,1 1 who were the originators of the basic design. The electron beam is generated 

using a Tektronix oscilloscope electron gun assembly. To adapt this electron gun for 

operation in the relatively high pressure environment of our source region, an iridium 

filament coated with thorium oxide is used as a thermionic source of electrons. These 

e':ctrons are then extracted through an anode, accelerated to -1 keV, focused by an einzel 

lens and steered by a set of deflectors. The electron beam is collected by a Faraday cup, 

located on the opposite side of the chamber, which is kept at 9 V relative to ground and is 

connected to a microammeter. Maximum output is measured to be > 500 fiA, but quite 

often only a reading of 100 U.A or less results in optimum conditions for producing 

negative ions of interest. The microammeter readings are almost certainly underestimation 

of the true electron beam current during an experiment however, because in normal 

operating conditions pan of the electron beam is intercepted by the faceplate of the pulsed 

valve and, to a lesser extent, scattered by the molecular beam expansion, and will not be 

collected on the Faraday cup. 
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The electronics associated with the electron gun are displayed in Figure 2.6. The 

electron energy and einze! focus element power supplies are two 0-2000V (Kepco, Model 

APH2000M), which are kept at 1000 V and between 600-950 V respectively. Only the 

electron energy supply draws current, the amount of which is equal to the total emission 

of the filament. The filament power supply is a constant voltage/current supply (Kepco, 

Model ATE15-15M) which must provide between 4.5 and 8 Amperes at low voltage. The 

anode and deflector supplies are home-built units containing 150 and 60 VDC supplies 

(Acopian, Model A0150NT05 and A060NT12, respectively). Because the anode 

potential and the filament potential need to be close to the electron energy, these power 

supplies are 'floated' at the electron energy potential. A 1:1 isolation transformer12 is used 

to accomplish this, and the anode potential and filament current power supplies are kept in 

a Plexiglas enclosure for safety. 

2.3.5 Pulsed Discharge Source 

Feasibility studies have been carried out on a new negative ion source that will 

serve as an alternative to our usual electron beam-free jet expansion source. This new 

source involves a pulsed discharge through a mixture of precursor molecules seeded in a 

carrier gas just prior to undergoing a free jet expansion. It shares certain characteristics of 

sources used by Bondybey and co-workers,13 Ohshima and Endo, 1 4 Sharpe and Johnson,15 

and Bramble and Hamilton.16 These workers have generally used this type of source to 

make and cool transient species, typically radicals or van der Waals complexes involving 

free radicals. With the exception of the recent short description of C^ production by 

Bondybey and co-workers,13 very little effort has been expended characterizing the 

negatively charged species formed with such a source. 

The pulsed discharge source is expected to be a powerful tool for making negative 

Figure 2.6 A circuit diagram and schematic of the electron gun. 
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ions. The combination of the presence of large numbers of radicals, typically having 

positive electron affinities, and the electrons associated with the discharge plasma seems to 

be an attractive one for negative ion formation. In addition, as researchers have shown in 

die production of radicals, the negative ions that may be produced do not necessarily have 

to bear close resemblance to the precursor molecule(s). This is typically a requirement for 

the electron gun/molecular beam source currently in use, and it is easy to imagine cases 

where this is restrictive. 

We therefore can hope to expand our arsenal of negative ions, forming species 

through rearrangements and breakdown of larger molecules in the relatively violent 

environment of the discharge. As an example, it is not clear how to use the current source 

to make CCN~. Since Bondybey and co-workers were able to generate CNN using a 

mixture of CS 2, N 2, and Ar in a pulsed discharge source,13 it is hoped to be able to make 

C C N - simply by using a mixture of HCCH, N 2 , and Ar in such a source. 

In certain instances the pulsed discharge source may also be able to produce larger 

amounts of negative ions that can be made with sources currently in use. Recendy, Baker 

and co-workers1 7 studied C 3 by passing neat CO through a pulsed discharge. Carbon 

clusters have been studied within the Neumark group 1 8 but were formed using laser 

ablation. While quite effective, this technique does necessitate a Nd:YAG laser, 

introducing both repetition rate and financial limitations. 

The pulsed discharge source also offers the possibility (thus far not pursued) of 

vaporizing normally-solid material, without the use of a laser. 

The design of the pulsed discharge source consists of a pair of electrodes having a 

channel through them, mounted directly onto the end of me pulsed valve. The version 

tested thus far,1 9 shown in Figure 2.7, uses a modified pulsed valve faceplate as one 

electrode. This electrode remains at ground, since the body of the pulsed valve is 

grounded. The faceplate has a 0.015" orifice with a flat face on the pulsed valve side to 

provide a good seal for the o-ring and a beveled face on the discharge side to match the 
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0.080" diameter channel in the insulator. The insulator is 4 mm thick and consists of a 

Teflon disk with a 0.25" inner diameter hole in the center, into which a 0.25" outer 

diameter alumina (A1203) tube, having an 0.080" diameter channel through the center, is 

inserted. 

During operation a second stainless steel electrode, fixed to the front of the 

insulator, is pulsed to a potential above that where breakdown occurs. This electrode is 

designed to accept inserts that can be used to easily vary the channel length and width, 

allowing the mixing and expansion conditions to be varied. The inserts are generally 

fabricated from stainless steel, but can be made from any conductive material. For 

example, smaller C~ clusters, particularly CJ, have been observed from this source when 

the electrode insert was composed of graphite. 

By pulsing the electrode potential, two advantages are gained. First, the 

breakdown can be made to occur in the middle of the expansion, for a relatively brief time, 

which may assist in cooling the subsequently formed species. Second, the ability to 

quickly remove the potential from the electrode allows the negative ions that are formed 

to undergo the subsequent expansion unperturbed by an electric field associated with the 

Figure 2.7 A cross section of the pulsed discharge source attachments which affix to the 
pulsed valve in place of the usual faceplate. The top half of this drawing 
shows a section that is at 45° relative to the bottom half. (1) Stainless steel 
electrode which functions as faceplate to which the poppet makes an o-ring 
seal. (2) Alumina (A1203) cylinder which serves as the inert section 
separating the two electrodes in which the discharge plasma is created. 
(3) Teflon spacers. The first helps isolate the two electrodes as well as 
providing tapped holes for the outer electrode assembly to be fastened. The 
second, disk shaped spacer covers the steel screws used to fasten the faceplate 
and first spacer to the pulsed valve body. (4) High voltage electrode insert. 
This piece, which may be fabricated of any conducting material, has the final 
orifice through which the free jet expansion occurs. (5) Stainless steel high 
voltage electrode holder. 

55 



e 

"^ f H Y h = 1 ! 1 
; ; 1 

1 Y 1 

3 r 
ZSI 

V 7 7 

Figure 2.7 

56 



electrode. Negative-going pulses of variable duration (1-100 lis) with about a 800 ns fill 

rime and similar rise rime are provided by a pulsed, 'square wave", high voltage power 

supply (Velonex High Power Pulse Generator, Model 350 with V-1097 direct output 

plug-in module) connected to a very simple circuit, illustrated in Figure 2.8. This 

particular power supply requires a 200 £2 load to form properly shaped pulses, this 

resistance value is approached in the circuit shown in Figure 2.8 if breakdown occurs. 

Otherwise, the load will be 250 il, which is completely acceptable. It should be 

emphasized that non-inductive (denoted NI in Figure 2.8) resistors able to dissipate high 

power must be used in this circuit. As an illustration, the instantaneous current flowing 

through 250 CI when 1000 V is applied is 4 A. This corresponds to a dissipated power of 

4000 W if the applied potential were continuous. At our typical duty cycle of (60 Hz x 40 

|j.s =) 0.24% the power dissipated is still 9.6 W. The theoretical limitation of the circuit 

actually lies with the single 1500 Q resistor, rated at 10 W. When breakdown occurs and 

there is a potential of 1000 V across this resistor, nearly 5 W will have to be dissipated 

under the conditions of the above example. Raising the repetition rate to 100 Hz, or 

significantly lengthening the discharge time will cause the power dissipated to approach 

the rating of this resistor. The necessity for these conditions is unlikely, however. 

The voltage that is required for a stable and productive discharge depends on many 

factors, including: instantaneous pressure at the point in the expansion where the 

discharge is to occur, the specific gases that are present in the expansion, the materials and 

detailed shapes of each electrode, the inter-electrode spacing etc. In shon, because of the 

wide number of variables, some amount of trial and error is expected in the production of 

every new species. 

The utility of the pulsed discharge source in making negarive ions has been the 

Figure 2.8 A schematic of the pulsed discharge source circuit and a typical discharge 
oscilloscope trace. 
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subject of a preliminary investigation using the fast radical beam machine. One critical 

factor chat has been found to be important for satisfactory operation is a stable discharge. 

A stable discharge can be assured in our case by 'seeding' the discharge; using the electron 

gun to produce charged species near the front electrode. We have found (quite by 

accident) that by training a very weak (> 10 \xA) electron beam on the exit of the 

discharge electrode enhances the stability of the discharge enormously. Positive ions 

accelerated towar.'" the negative high voltage of the outer electrode are thought to be the 

key to this effect. In the absence of such seeding, the initiation of a discharge is a random 

process, and therefore an inherently unstable one. By increasing the potential difference 

between the electrodes the discharge stability can also be improved, but this action can 

have other effects and may not be desirable in all cases. 

One aspect of the discharge circuit that was not fully investigated was the effect of 

varying the value of the resistor located in series with the discharge (see Figure 2.8). This 

resistor has the effect of limiting the current flowing in the discharge. This is a very 

critical factor, effectively determining the type of discharge that is formed. The high 

currents (-0.5 A, instantaneous current) found in the discharges we have been using likely 

created a very violent arc-type discharge. Evidence that this is so can be found in the mass 

spectra obtained under these conditions, with very small fragments dominating. In fact, 

when a Teflon disk was used as the inter-electrode insulating spacer, so that the walls of 

the insulator channel were composed of Teflon, the most abundant negative ion species 

present on operation of the pulsed discharge source was F"! This is a reflection both of 

the electronegativity of fluorine and of the violent conditions during the discharge. While 

these conditions may be desirable in some instances (perhaps the evaporation of solids 

might tiien be possible), more delicate negative ions are not likely to survive. In addition, 

the ability of the free jet expansion to cool such a tremendously hot distribution of ions 

may be diminished, resulting in vibrational!}' and rotationally excited ions being produced. 
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In summary, the pulsed discharge source shows great promise as an alternate 

method for making certain types of negative ion species. It should be investigated further 

widi the goal of optimizing yields of desired negative ions while maintaining low internal 

energy distributions following free jet expansion. 

2.4 First Differential Region 

Within the first differential region, illustrated in Figure 2.9, two important steps in 

forming a fast ion beam occur. It is here that acceleration to the appropriate beam energy 

occurs. Subsequently, the ion beam is rereferenced so that we avoid floating either the 

source or detection regions. 

2.4.1 Ion Acceleration 

Negative ion acceleration takes place in the first differential region, with the initial 

effects of the acceleration field felt by the ions as soon as they pass through the skimmer. 

Ions are accelerated through a potential that is typically 5 to 8 kV. The lower and higher 

limits are usually dictated by kinematics; the center-of-mass velocity of the radical beam 

with ideally be chosen such that the largest fraction of coincidence photoftagmemation 

events will hit the active area of the detector face. Achieving this goal involves some trial 

and error, and compromise between the fraction of events where one (or both) of the 

fragments impinge on the blocking strip and the fraction where one (or both) of the 

fragments recoils far enough from the center of mass to miss the detector. The absolute 

lower limit for acceleration potential depends mostly on the decreasing efficiency of 

detection of neutral particles with a small amount of laboratory frame kinetic energy; the 

guideline enforced in this experiment is to use an acceleration voltage high enough so that 

Figure 2.9 A cross section of the first differential region. Shown are the skimmer, the 
acceleration plates and the metal cylinder used for rereferencing. 
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Figure 2.9 
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all anticipated and/or observed fragment masses wfll possess greater thar. 1 keV laboratory 

frame kinetic energy. The absolute upper limit for acceleration potential is determined 

chiefly by the limits of the acceleration power supply used and the high voltage capacity of 

our 'potential switch', to be discussed below. 

Figure 2.9 shows the arrangement of the acceleration stack within the first 

differential region, while Figure 2.10 shows the circuit used to apply the proper potentials 

to the stack, and the location within the circuit of the 'potential switch', which is to be 

discussed in the following section. A stack of 26 plates, 6 inches in outer diameter are 

used to accelerate and gently focus the ions. The first 16 pi? es are joined through 

698 kii resistors and have a 2 inch inner diameter. Additional focusing is achieved by 

having the final ten plates in an decelerating einzel configi ration,20 with their inner 

diameter reduced to 0.5 inch. The first three and last four plates of these ten are at the 

voltage corresponding to the final ion beam energy, w1 ile the middle three plates are at 

some variable, though lesser, voltage. The acceleration region einzel lens allows 

optimization of the focusing effects due to acceleration, and the voltage on the middle 

three plates in the einzel lens is adjusted to allow ne largest number of ions to be detected 

downstream. 

2.4.2 Rereferencing the Ion Beam Potential 

After the acceleration process the i ns have gained kinetic energy equal to the 

product of the acceleration potential ano che elementary charge on the ion. At this point, 

Figure 2.10 A schematic of the acceleration stack, showing the acceleration einzel lens 
and the location of the 'potential switch' within the overall circuit. Details of 
the 'potential switch circuit are given in Figure 2.11. Note that the 
geometry of these components relative to one another is better depicted in 
Fiaurc 2.9, 
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the designers of many ion beam experiments face a dilemma. For effective beam 

transport, either the source or the detector section of the apparatus has to float, 

maintaining a potential difference corresponding to the ion beam energy. In our case this 

situation would result in many obvious inconveniences. 

Pulsed ion beam experiments have been shown by Johnson and co-workers21 to be 

amenable to anothei solution known as rereferencing. However, to our knowledge prior 

examples where rereferencing has been used were not at the high (4-10 keV) beam 

energies that are typical for the experiments discussed here. 

Rereferencing involves allowing ions to enter an isolated metal cylinder that is 

initially at the acceleration potential. While the ions are in the cylinder, the voltage is 

rapidly brought to ground potential. Ions which enter the cylinder before the potential 

falls, and exit while the potential is at ground, leave the cylinder with virtually the same 

kinetic energy as they tiitered, but their kinetic energy has been 'rereferenced'. These ions 

now possess kinetic energy equal to the beam energy with respect to ground potential, 

rather than the acceleration potential. 

Although perhaps initially non-intuitive, rereferencing works because the ions 

w'thin the cylinder cross no field lines, and experience no gradient while the potential falls 

uniformly around them. The fall time of the voltage on the cylinder must be fast so that 

only a small fraction of the ions inside the cylinder when the potential drop begins will exit 

prior to the completion of the voltage drop. The specific details of the application of this 

technique to our apparatus are discussed next, with details of the switching circuit that 

allows us to satisfy the demanding switching requirements posed by this technique given at 

the end of this section. 

On exiting the acceleration plates, ions enter an isolated 25 cm long, 8 cm 

diameter, hollow, stainless steel cylinder having 3 mm apertures at the center of each end. 

This cylinder is normally at the same potential as the final acceleration plate, and is 

pumped out through mesh that covers portions of the end extending back into the first 
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differentia] region. The aperture on the end of the cylinder extending into die second 

differential serves as the differential pumping aperture between the first and second 

differential regions. There is a ground shield surrounding the end of the cylinder dial 

extends towards the detector. This ground shield will confine the potential on the 

cylinder, preventing any possible perturbations of the detached electrons by electric fields 

from the cylinder. 

At some experimentally optimized delay relative to die triggering of die pulsed 

valve (ca. 280-380 |xs, depending on the mass of the desired ions), die potential of diis 

cylinder is taken from the ion beam potential to very close to ground in -150 ns. When 

the potential of the cylinder reaches a minimum, all the ions that subsequently emerge 

from the cylinder will maintain a kinetic energy approximately equal to the full 

acceleration energy. Only the ions within the cylinder during the rereferencing process 

will proceed down the machine towards the detector. In this way, the rereferencing 

process effectively selects a section of ions from a longer stream emanating from the 

source. 2 2 

Evidence of this selection can be observed in a time-of-flight spectrum of ions that 

emerge from the potential switch, even with the mass spectrometer apparatus disabled. 

Since different masses travel at different speeds if they possess the same kinetic energy, it 

is possible to obtain a very low resolution mass spectrum by using the potential switch to 

select an initial bunch of ions, which then separates according to mass. A spike on the 

short-time side of the broad time-of-flight peak for ions mass selected in this manner is 

thought to come from ions that leave the cylinder before the cylinder potential hits the 

minimum. These ions enjoy a comparative 'head start', but are handicrpped by having a 

lower kinetic energy. They therefore pile up, arriving simultaneously with the earliest ions 

of proper kinetic energy. Thus, although it is quite tempting to optimize this spike for use 

in an experiment, it must be avoided. Since the ions in this spike have a large kinetic 

energy spread, mey will diverge as they continue down the machine. 
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2.42.1 Details of the 'Potential Switch' Referencing Circuit 

For several months we flirted with an unsatisfactory circuit for quickly dropping 

the voltage on the metal cylinder from the acceleration voltage to ground, which involved 

capacitively coupling the output of a pulsed high voltage power supply. It was decided 

that this method involved too much shot-to-shot jitter in beam energy and a somewhat 

unreliable power supply; in short, a new scheme was needed. 

The new generation of potential switch23 was assembled and tested primarily by 

Dr. kobert Continetti following a suggestion from George Gabor and advice from Oren 

Milgrome, both of whom are associated with Lawrence Berkeley Laboratory. It involves 

an inexpensive yet reliablf fast-switching metal-oxide semiconductor field-effect transistor 

(MOSFET) circuit to function as a switch, quickly closing to complete a connection from 

the cylinder to ground when triggered. Although power MOSFETs capable of rapidly 

switch up to 1 kV are available, switching higher voltages demands die use of schemes in 

which MOSFETs are implemented in series. The design utilized in the original MOSFET 

potential switch to rapidly switch up to 8 kV is based on a series of 10 transformer-

isolated, varistor-bypassed, 1 kV power MOSFETs. A key to this approach is the use of 

metal-oxide varistors in parallel with each MOSFET in order to clamp the voltage across a 

given MOSFET to less than the rated voltage. Metal-oxide varistors display a nonlinear 

resistance as a function of voltage, having extremely high resistance below their 

characteristic tum-on voltage, while becoming quite conductive if the turn-on voltage is 

exceeded. Because of these characteristics they serve as rugged, fast-acting surge 

suppresses, 2 4 Their presence in series with the power MOSFETs allows the requirement 

for accurate synchronization of the MOSFET triggering to be relaxed, gready simplifying 

mis aspect of the design. 

The current version of this circuit was recendy assembled by David Osbom, 

closely following the original circuit design. However, it contains more recendy available 

components and boasts both an upper voltage limit of up to -15 kV (using a maximum of 
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16 MOSFET stages) and a modular design, w&i MOSFET stages on plug-in circuit board 

cards. This affords the ability to use a minimum number of stages for the voltage to be 

switched to ground, which has a slight minimizing effect on fall time. It is also very 

convenient for when die rare but inevitable component failure occurs. 

As can be seen in Figure 2.11, the circuit consists of up to 16 identical varistor-

bypassed 1 kV MOSFET stages (Harris, RFP4N100) connected in series, widi one end of 

die chain connected to die cylinder and the other end at ground. The metal oxide varistors 

used are rated at 920 VDC (Panasonic ZNR 20K102U). The MOSFETs are 

simultaneously triggered in groups of up to five each through transmission line 

transformers by high speed FET drivers (Teledyne, TC4422CPA). Each transmission line 

transformer was made by wrapping 17 turns of RG 316/U coaxial caMe around a ferrite 

toroid (Fair-Rite #59-77-001601), using the outer conductor of the coaxial cable as the 

primary and the inner conductor as the secondary of the transformer.25 An optoisolator 

(Hewlett-Packard, HCPL-2601) is used to prevent damage to the external pulse generator 

supplying the trigger pulse in the event of a failure. 

A current-limiting resistor is placed between the acceleration voltage power supply 

and the cylinder. This is necessary since the ON resistance of the power MOSFETs is 

quite low (-3.5 Q per MOSFET); without this resistor there would effectively be a short 

circuit from the high voltage power supply to ground. This would not only quickly 

destroy the MOSFETs but exceed the current rating of the high voltage power supply. 

The current-limiting resistor value should be large enough to allow the cylinder to closely 

approach ground. There is effectively a voltage divider determining the potential on the 

cylinder, with the current limiting resistor dropping most of the potential, but the 

combined resistance of the MOSFETs accounting for a small potential drop as well. The 

Figure 2.11 A schematic of the 'potential switch' circuit used to rereference the ion beam 
by bringing a metal cylinder from as high as 15 kV down to ground potential 
in < 150 ns. 
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current linritir^ resistor value cannot be too large, however, because the cylinder must 

charge back up to the acceleration potential between consecutive iterations. Charging of 

the cylinder occurs when the MOSFET switch opens and current trickling through the 

current limiting resistor can no longer go to ground. Instead, this current brings the 

potential of the metal cylinder up to the acceleration voltage. 

A final concern is that the current limiting resistor be of appropriate power raring. 

At least a 2 Watt rating has been found to be necessary, in agreement with quick 

calculations (i.e., assuming 10 kV acceleration voltage, 100 k£2 resistor, and a 60 Hz x 20 

US = 2xl0"3 duty cycle, one gets 1.2 Watts as the power dissipated). 

Since our application requires only that the falling edge be fast, the rising edge is 

described by the RC time constant R^Oy,, or 10 u.s, for a 100 k<2 current limiting resistor 

and a 100 pF cylinder. Were it necessary to have two fast edges, it would be possible to 

use two MOSFET switches in a push-pull version of this circuit. This type of circuit is 

well suited to fast, high voltage switching applications, and should be considered in all 

cases where these characteristics are desired. 

2.5 Second Differential Region 

The second differential region contains a beam modulation time-of-flight mass 

spectrometer, ion beam deflectors and various focusing optics. The geometries of these 

components and their locations within this region are illustrated in Figure 2.12. These 

components, discussed below, provide mass selection of a specific ion and the ability to 

Figure 2.12 A diagram illustrating the various components present within the second 
differential region. (1) Metal cylinder used for rereferencing surrounded by 
a ground shield. (2) Beam modulation deflection plates. (3) Ion 
compressor plates. (4) Ion beam vertical and horizontal deflection plates. 
(5) Einzel lens. (6) Gate valve. (7) 1 mm aperture diat serves as a 
differential pumping aperture in addition to the beam modulation 
time-of-flight mass spectrometer slit. 

69 



77777 
Figure 2.12 

70 



steer and focus the ions as necessary, including the compression of an ion pacicei along she 

beam axis. 

2.5.1 Beam Modulation Mass Spectrometer 

The time-of-flight (TOF) mass spectrometer used in this experiment is a collinear 

beam modulation type, first described by Bakker.26 The Bakker-type beam modulation 

mass spectrometer works by in effect selecting a compact bunch of ions, which will then 

separate spatially and temporally according to mass because their equal kinetic energies 

imply different, mass-dependent velocities. The selection process is accomplished simply 

by rapidly reversing the electric field between a pair of plates whose faces are 

perpendicular to the ion beam axis. The beam modulation deflection plates are the First 

components located in the second differential region, [labeled (2) in Figure 2.12], Only 

the ions which experience an equal but opposite amount of acceleration from the initial 

field and the reversed field (i.e. those ions very near the center of the plates when the field 

is reversed) will continue along parallel to the beam axis and be admitted through the 

initial 1 mm defining aperture 0.86 m from the center of the plates [labeled (7) in Figure 

2.12]. 

Figure 2.13 shows the electronic circuit that is used to generate the rapidly 

reveling electric field. This circuit reverses the field between the two mass spectrometer 

plates by maintaining a voltage V 0 on one plate until the arrival of a trigger pulse, at which 

point the voltage on this plate goes to ground in < 20 ns. The other plate is held at a 

continuous potential of VQ/2, as determined by a voltage divider formed by the two 10 kQ 

resistors shown in Figure 2.13. 

The beam modulation mass spectrometer has the advantage of introducing only a 

negligible kinetic spread in the .'on beam energy. Thf commonplace Wiley-McClaren27 

Figure 2.13 A schematic of the beam modulation mass spectrometer circuit 
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type space-focusing technique was not used in this experiment because it. on the other 

hand, introduces a significant kinetic energy spread. Maintaining a compact kinetic energy 

distribution within the negative ions is an important and desirable characteristic for our 

dynamics experiments. Any increase in the spread of the beam energy, and therefore 

velocity, results in the formation of a packet of ions that is divergent along the beam axis. 

If die kinetic energy distribution of the ions in the beam is broad enough, it will be harder 

to overlap with die detachment and dissociation laser pulses. In addition, a wider kinetic 

energy distribution in die ions transfers direcdy to die radicals formed in detachment. For 

reasons to be addressed in § 2.7.6.5, this ultimately results in an increased uncertainty in 

the measurement of photodissociation kinetic energy release, and to a minor, extent, the 

recoil vector angle. 

Bakker has shown 2 6 that the theoretical resolving power is given by: 

R= ^ (2.5) 

2DU(B + S) 

This formula is appropriate when the rise time of the square wave is shon compared to the 

transit time between the plates, which itself is short compared with the field-free drift 

region, as is the case in our apparatus. Here, L is the length of the field-free drift region, 

V0 the potential difference of the step function applied to the plates, D die separation of 

the deflection plates, U the ion beam acceleration voltage, B the beam width and S the 

defining aperture width. The values in Eqn.' 2.5) that are fixed in our machine are as 

follows: D = 1 cm, B = 0.4 cm, 5 = 0.1 cm. In terms of L, me initial 1 mm beam defining 

aperture is located 86 cm from the center of the beam modulation plates. However, for 

th; full experiment the ultimate mass spectrometer resolution depends on a second 1 mm 

aperture located 153 cm from the center of the beam modulalinn plates. This effectively 

results in a factor of (153/86)2 = 3.17 higher resolution, since Eqn. (2.5) showi that 'he 

resolving power is proportional to die square of the drift region lengtn. 
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V0 and V are variables for any given system, but a typical value for U is 6000 V. 

In this situation the resolving power past the fid 1 mm aperture is roughly -12 xV^ 

Therefore, if 100 V is used, the mass resolution will be -120 amu. Typically, however, 

the minimum voltage is used to resolve a given mass to charge ratio, and these values of 

V0 are closer to 40 V. The values appropriate at the first aperture are given because 

resolution effects of the mass spectrometer voltage are most conveniently monitored using 

the ion time-of-flight measured at the ion detector. This detector is located after the first 

1 mm aperture but before the second. 

As can be seen from Eqn. 2.5, resolution is independent of ion mass. It can also be 

shown2 6 that there is no mass-dependent discrimination, i.e., all masses are transmitted 

with equal efficiency by the beam modulation mass spectrometer. These last two 

favorable characteristics round out the list of reasons the beam modulation time-of-flight 

mass spectrometer is well suited for our experiment. 

Some idea of the ion burst duration can be obtained from an additional formula 

given by Bakker,26 again appropriate when the rise time of the square wave is short 

compared to the transit time between the plates, which itself is short compared with the 

field-free drift region: 

*~—vvT-- ( Z 6 ) 

When typical values of B = 0.4 cm, S = 0.1 cm, D = 1 cm U = 6000 V, V0 = 100 V and 

L = 86.6 cm are used, the ion burs: duration for mass 32 amu, corresponding to the Oj 

anion, will be -13 ns. This illustrates how temporally compact the ion packet is. Under 

these conditions the size of the packet along the beam axis will be -3 mm if the ion 

compressor, to be described next, is not used. 
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2.52 Ion Compressor 

The ion compressor can be used to focus a group of ions in the dimension parallel 

to the ion beam axis. The focal point is usually chosen to be midway between the laser 

interaction regions to improve overlap with the output of both lasers, thus improving 

overall signal intensity. 

Figure 2.12 shows the location of the ion compression components. The ion 

compressor consists of two 7.5 cm outer diameter, 0.5 cm inner diame'e; plates spaced 

2 cm from each other, concentric with, and perpendicular to the ion beam. These plates 

are located immediately following the mass spectrometer plates. Ion compression involves 

the application of a pulsed negative potential to the rear plate with the front plate held at 

ground, while the negative ions to be focused are completely between the two plates. In 

this way, ions closest to the back of the packet are accelerated through the largest 

potential, gain the most kinetic energy, and will therefore eventually overtake negative 

ions that were closer to the front plare when the potential was switched on. 

Figure 2.14 shows the electronic circuit that is used to generate the pulsed electric 

field used in die operation of the ion compressor. This circuit is extremely similar to the 

beam modulation mass spectrometer circuit, with the exception that the front plate is held 

at ground potential, rather than at half the step function voltage of the other plate. 

Use of the ion compressor has no adverse effects on a total crass section 

experiment, and is recommended without reservation in that instance. Ion compression 

will, however, degrade the kinetic energy release resolution in [he dynamics experiments 

for the same reason a Wiley-McClaren design mass spectrometer would, by increasing the 

spread of the ion beam energy. The increased uncertainty in the quantity will ultimately 

blur the determination of the photodissociation kinetic energy release distribution 

Figure 2.14 A schematic of the ion compressor circuit 
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2.5.3 Ion Optics 

The ion optics, save the acceleration einzel lens, are found in the second 

differential region. As depicted in Figure 2.12, uiey follow the mass spectrometer plates 

and ion compression plates and consist simply of two sets of vertical and horizontal 

deflector plates and a second einzel lens. The deflectors allow a slight redirection of the 

ion beam to maximize ion and neutral transmission through the two 1 mm collimarion 

holes downstream. Each set of deflection plates are 1" long in the direction of the beam 

axis and have a 1" separation, symmetric about the beam axis. Tney are mounted on a rail 

which allows their position along the beam axis to be easily adjusted when accessed 

through side flanges. Quite often, however, it is the case that these deflector plates are 

kept at ground, their influence unnecessary. When they are required to be on at any 

significant voltage it is usually a clear sign that something else is arr iss. 

An einzel lens comprised of three cylindrical elements follows these d o c t o r s . It 

is generally operated in the deceleration mode, with the central element at a negative 

potential and the first and last elements at ground. The voltage used is mass- and beam 

energy-dependent, but is typically around -700 V. Higher voltages can improve 

throughput of ions by focusing the ion beam more tightly between the two 1 mm 

apertures. However, this results in a larger degree of divergence at the fragment 

detectors). This can be a problem. For example, the radical beam diameter may grow 

larger than the 3 mm radical beam blocking strip on the total photodissociation cross 

section detector. When this happens, background from undissociawd radicals will 

contaminate the photofragment signal. 

2.6 Third Differential Region 

The third differential region is illustrated in Figure 2.15. Within this region the ion, 

and then radical, beam undergoes its most rigorous collimation, with 1 mm apertures 

forming the entrar;-e and exit to this regi'.n. Here the ions hiving the appropriate mass 
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are photodetached, and the photoeiectrons generated in this process are collected. In 

addition, determination of the negative ion species present :n the beam can be undertaken 

simultaneously via time-of-flight mass spectroscopy. This ability assists in determining the 

intensity and identity of a given negative ion, particularly useful when initially generating a 

negative ion that had previously not been produced using :h>s apparatus. 

2.6.1 Photodetachment 

Photodetachment is carried out using me output of a tunable excimer-pumped dye 

laser that produces 20 ns, -20-50 mJ pulses at wavelengths extending from -335 nm to 

>700 nm (Lambda Physik LPX 210i and FL3002, respectively). The laser output is gently 

focused by a 1 m lens, with the photodetachment volume located about 0.3 tn from the 

lens. The laser is rimed ?o interLi.pt the negative ions that have a mass corresponding to 

the radical of interest. 

The detachment wavelength is judiciously chosen so as to form radicals in the 

ground vibrational state, according to the principles discussed in § 1.4. Detachment 

efficiencies can approach 80%; with high laser power and optimal timing, this efficiency 

can be observed in the depletion of the ion mass of interest or, in relative terms, by the size 

of the detached electron signal. 

2.6.2 Lasei Timing Jitter 

Timing jitter is a serious concern in this experiment. The d> e laser temporal 

profiles for both the detachment and dissociation laser systems fas the laser systems are 

Figure 2.15 A diagram of the third differential region, (i) Gate valve. (2) Initial 1 mm 
apenure. (3) Photodetachment volume straddled by electron extraction 
plates. (4) Detached electron detector surrounded by grounded mesh. (5) 
UndetacheJ ion d.-flector. (6) Ion detec'or, shown in the fully retracted 
position. (7) Final 1 mm aperture. 
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identical) are determined chiefly by that of the excimer pump lasers. The most intense 

portion of the laser pulse is confined to ~28 ns. The same packet of ions, and, following 

detachment, radicals, must be intercepted by both detachment and dissociation laser pulses 

in order for radical photodissociation to occur. Adding to the complexity of this task is 

the fact that, depending on the ion mass, beam energy and mass spectrometer voltage, the 

ion burst duration is on the order of-18 ns, as shown in § 2.5.1. The excimer laser 

specification for timing jitter is 4 ns, which is acceptable. However, as the thyratron (the 

high voltage, high current switch that controls the discharge current) in an excimer laser 

ages, this specification can be exceeded, sometimes dramatically. 

Fast photodiodes are employed to monitor the timing jitter of both the detachment 

and dissociation lasers. A photodiode circuit is shown in Figure 2.16. The key 

component of this circuit is a quartzface (for transmission of UV light) photodiode 

(Motorola, Model MRD510) reverse-biased by a 90 V potential. A low-intensity back-

reflection from the output of the dye laser that is to be monitored is made to fall on the 

face of the photodiode. The response time of the photodiode is approximately 1 ns, 

sufficient to follow the temporal profile of the dye laser pulse. The output of the 

photodiodes can be observed using the oscilloscope. 

Once the optimal timing for a given laser has been established, monitoring the 

temporal characteristics of the laser pulses with fast photodiodes can serve two purposes. 

The photodiode output can be monitored for excessive shot-to-shot timing jitter, as well 

as long-term drift in laser timing. Adjustment of the thyrau-on reservoir heater is usually 

required to correct shot-to-shot timing jitter. Long-term drift is usually the result of 

thermal variations as the excimer lasers run, except when the gas fill or the thyratron is 

near the end of its useful life. It is therefore mostly observed as a shortening in the delay 

between trigger pulse and the excimer laser firing during the initial period of operation, 

Figure 2.16 A fast photodiode circuit diagram. 
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prior to thermal equilibrium within the excimer laser. As the gas fill becomes old, timing 

drift in the opposite direction is sometimes observed. Small adjustments in trigger pulse 

timing can be made periodically after consulting the photodiode output to correct for 

long-term drift. 

2.6.3 Detached Electron Detection 

Detection of detached electrons provides a measure directly proportional to the 

number of radicals produced in the detachment process. This information is useful for 

evaluating and adjusting the spatial and temporal overlap of the detachment laser with the 

negative ion precursor of interest. It is also a critical for proper normalization of total 

photodissociation cross section spectra. 

The gross features of the detached electron detector assembly can be discerned in 

Figure 2.15. Detached electron detection is accomplished by using a small, pulsed, 

electric field to accelerate detached electrons perpendicular to the beam axis, up into a 

final acceleration field which is just prior to the face of a microchannel plate detector 

assembly. 

MicroChannel plate detectors serve as large area electron multipliers. The plates 

themselves are typically thin (1-2 mm) circular disks available in various diameters. All 

microchannel plate detectors on this machine, with the exception of the time-and position-

sensitive detector, use a set of two microchannel plates (Galileo Electro-Optics 

Corporation), of diameter 25 mm or 40 mm. The detached electron detector uses 25 mm 

diameter microchannel plates. They are made of a semiconducting glass material and 

consist of close-packed, regularly spaced channels that are about 10 pjn in diameter and 

12 um from center to center, at an angle of 13° with respect to the parallel surfaces. The 

material is highly resistive and a high potential can be placed across them. A photon, 

neutral panicle, ion or electron of sufficient energy will cause electron(s) to be emitted by 

the miaochaninel plate at the point of impact Microchar'nel plates then function in a 
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similar manner to a photomultiplier. The primary electrons are accelerated in the electric 

field perpendicular to the surface, down into one or more of the channels. Because these 

channels are at a slight but significant angle away from being perpendicular to the plane of 

the microchannel plate, the electrons soon collide with the wall of the channel with 

sufficient energy to cause additional electrons to be released. This cascading effect 

continues, and gains of up to 103-104 per plate can be achieved. It is estimated that die set 

of two microchannel plates used in the detached electron detector obtain a gain of 106. 

The 'chevron mounting' configuration is used in all of the microchannel plate 

detectors on this machine (save the time- and position-sensitive detector, whose three 

plates form an analogous 'Z-stack'), in which the angles at which the channels are oriented 

is reversed between plates. This reduces ion feedback, the process where positive ions are 

formed through electron bombardment and accelerated back in the opposite direction, 

eventually causing spurious counts. 

The details of the overall detector assembly and its application to the detection of 

detached electrons will now be given. A set of three threaded rods screwed into the top 

flange of a six-way cross supports all components of the detector. Extraction plates hang 

down from tte detector, mounted near the end of these threaded rods. The extraction 

plates are oriented horizontally about I" apart, equidistant from, and parallel to the ion 

beam axis. The upper extraction 'plate' is made using a high (~90%) transmittance steel 

screen spot-welded to a steel ring. A +6 V pulse is applied to this upper plate just as 

detachment occurs. Detached electrons are accelerated through this mesh and on towards 

the detector by this extraction pulse. The extraction potential is weak compared to the 

beam potential and pulsed on only just before detachment has occurred (at the earliest) so 

that the trajectory of the negative ions is not affected. 

The detached electron detector is mounted in a perpendicular orientation to the 

beam axis. A grounded grid made from high transmittance sted mesh spot-welded to a 

steel ring is supported by the threaded rods, concentric with both the outer diameter of the 
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microchannel plates and the extraction plates, and located - 1 " from the front of the first 

microchannel plate. An acceleration voltage is set up betv. een this grid and the 

microchannel plates by biasing the front of the first microchannel plate at -+300 V. This 

enables the detached electrons (possessing on the order of 3 V kinetic energy from the 

extraction pulse) to gain enough kinetic energy to be detected. 

When struck by an energetic electron anywhere on the front of the first 

microchannel plate, -10 6 electrons will c iscade from the back of the final microchannel 

plate. These electrons are accelerated across a final 100 V potential difference onto a 

contiguous steel disk that serves as an anode. This signal is capacitively coupled out to a 

BNC feedthrough, providing a fast, 5 ns wide, 10-40 mV negative-going peak. 

The circuit which is used in the operation of the electron detector is shown in 

Figure 2.17. This circuit consists of a resistor network that ensures an equal potential 

drop across the two MCPs, with a 100 V Zener diode ensuring a constant drift region 

potential between the back of the last MCP and the anode. The output is AC coupled 

from the anode, which is typically at 2150 V, through a 1000 pF capacitor and out 

through a BNC connector welded in the flange on which the detector is mounted. The 

detached electron signal is then typically fed directly into a fast preamplifier (EG&G 

Ortec, Model 9301). All circuit components (resistor network, zener diode) are located in 

a small aluminum box mounted on the exterior of a six-conductor feedthrough welded in 

the flange directly above the detector. This allows easy access should a component fail 

and avoids component out-gassing concerns which are problematic in the high vacuum 

environment 

As briefly mentioned above, during total photodissociation cross section scans, the 

detached electron signal is collected for the purpose of normalizing the observed 

photofragment signal. In the limit where saturation of dissociative radical transitions is 

Figure 2-17 The circuit diagram for the detached electron detector. 
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not important, for a given photon energy the number of photofragments should be 

proportional to the relative number of radicals present in the photodissociation volume. 

This, in turn, should be proportional to the number of detached electrons. 

In contrast, rime- and position-sensitive experiments do not need this type of 

normalization. The detached electron signal is still useful, however, as a gauge of 

photodetachment efficiency. Any fall-off indicates problems with negative ion production, 

detachment laser power or detachment laser timing. 

2.6.4 Ion Detection 

It is of interest to be able to detect the negative ions in the beam for a number of 

reasons. Most importantly, we can carefully monitor the source performance while 

collecting data, 2 8 making adjustments if necessary to maintain a robust ion beam. 

Additionally, we can often get a very good idea of the ion depletion due to 

photodetachment, which at times can be >75%, by detuning the detachment laser in time 

and observing the increased intensity of the ion being detached. Lastly, the time-of-fiight 

mass spectrum that is readily obtained with this detector is invaluable during the initial 

process of investigating the production of a new ion for the study of the corresponding 

radical. 

The ion detector is mounted on a linear motion feedthrough manipulator (Perkin-

Elmer Vacuum Products, Cat. No. 281-6200). Using this manipulator it can easily be 

raised completely out of the beam or lowered so that it is centered on the beam axis. As 

illustrated in Figure 2.15 the raised position is typically used since this allows any radicals 

made by photodetachmer.t to piss: this configuration is necessary during a 

photodissociation experiment If the ion detector is in the raised position ion detection is 

accomplished by deflecting all undetached ions remaining in tfce beam up out of the beam 

axis and oiito the face of the ion detector. The ion deflection plates are 'hidden' from the 

photodeiachmem region so that the static positive potential present on the upper plate 
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does not perturb the trajectory of the ions prior to photodetachment. A steel ring welded 

onto the inner surface near the entrance of the tee housing the ion detector has been 

machined to be concentric with the beam axis. On this ring is mounted a 3" wide thin steel 

plate, keyed into a groove to insure concentricity for the -3 mm (0.125") aperture at its 

center. To minimize the thickness of the hole, the side away from the source is 

countersunk and expands out to 1 cm. On this same side, two deflection plates are 

mounted, spaced 1 cm apart. The steel deflection plate mounted below the aperture is 

fastened direcdy on the shielding plate, thereby remaining at ground potential at all times. 

The upper deflection plate is mounted on Vespel®, a machinable plastic with good high 

vacuum out-gassing properties, which is then fastened to the shielding plate. This 

deflection plate is then kept at a potential in the vicinity of 1500 V, with the proper value 

depending primarily on the ion beam energy and the exact vertical position of the detector. 

Of course, if the detector is in the beam axis, or it is desirable for the ions to be allowed to 

proceed to subsequent regions of the machine, the deflection plate is grounded. 

As Figure 2.18 shows, the components and circuitry for the ion detector are quite 

similar to that of the detached electron detector. However, it is not necessary to 

accelerate the ions towards the microchannel plates since they have a kinetic energy 

determined by the ion beam energy. Therefore the acceleration grid used in the detached 

electron detector is not present in the ion detector. 

The circuit is also has some minor differences. The first relates to the fact that the 

acceleration grid is not present. Because of this, the total voltage applied to the detector 

has to be only 1850 V. A second difference is that this detector must be able to translate 

freely upwards and downwards. It was decided that fr>r this reason all of the voltage 

dividing resistors should be within the machine, to avoid many long connections that might 

foul and short circuit upon translation. To minimize outgassing problems, special glass 

Figure 2.18 The circuit diagram for the ion detector. 
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resistors (K & M Electronics) were used. 

2.6.4.1 Ion Time-cf-Flight Mass Spectroscopy: Monitoring Source Output 

The ion detector is used for investigating the possibility of maki..g new (for this 

apparatus) negative ion species. The key to determining what negative ions are being 

produced is the following time-of-flight to mass conversion: 

mt=mQ + ctf. (2.7) 

By determining the time-of-flight r, for two ions of known mass m,, one can determine the 

constants m0 and c using elementary algebra. The constant rr.0 should be close to zero if 

the times-of-flight are measured relative to the mass spectrometer trigger pulse, while the 

constant c will vary with beam energy. For a variety of reasons it is best to have the 

detector lowered to intersect the beam axis for these measurements. In addition, the ion 

compressor should be turned off and the mass spectrometer voltage laised to narrow the 

time-of-flight mass peaks. 

While observation of the ion times-of-flight on th; oscilloscope can be informative, 

it is also possible to record mass spectra for posterity by feeding the ion detector signal 

along with an appropriately timed trigger pulse into a transient recorder (DSP, Model 

2001AS). The output of this module is fed into an averaging memory module (DSP, 

Model 4101), and the summed and averaged signal can be read out to thi PC/AT 

laboratory computer through an interface to the CAMAC crate cunrroller (DSP, Model 

6001). Time-of-flight mass spectrometer data acquisition is a main menu option in the 

FRBM program (found in Appendix I). 

2.7 Photodissociation and Detection Region 

Within this final region. pho'.odissocJ3tion of radicals is undertaken followed by 

detecnon of the phoiofragments produced in this process. This region is illustrated in 

FiS!jre2.!9. 



2.7.1 Photodissociauon 

We customarily frequency-double the output of a second excirner-pumped dye 

laser system (La-nbda Physik LPX-210i and Lambda Phystlc FL-3002, respectively) to 

achieve die photon energies necessary for our radical dissociation studies. We use a 

frequency doubling unit (Interactive Radiation, Inc. Model AT-II), equipped with either 

BBO and KDP crystals (as appropriate), to allow the production of doubled light from as 

low as -206 nm up to die lowest wavelength where the fundamental of die dye laser may 

be used (-340 nm). Frequency doubling is a nonlinear optical process dependent upon the 

second order polarizabiliry of the doubling medium, and will not be discussed furdier 

here. 2 9 The fundamental can be separated from the frequency doubled output, if desired, 

by the use of an in-line four-prism assembly which spatially separates the two colors and 

transmits only the frequency doubled light. In addition, the frequency-doubled output is 

highly polarized in the horizontal plane. This orientation can be preserved, resulting in 

polarization of the E vector of the laser Hght parallel to the radical beam axis. Alternately, 

a periscope arrangement of prisms may be used to rotate the polarization to the vertical 

orientation, perpendicular :o the radical beam axis. This ability is useful in cases where a 

very thorough investigation of the recoil angle distribution is desired. 

2.7.2 Acquiring Photodissociation Laser Timing 

A previously mentioned, the timing of the photodetachment laser can be optimized 

by inspection of photoelectron signal, or even depletion of ion signal. However, due to 

the relative paucity of radicals as compared with ions, and the therefore even smaller 

fragment signal levels, finding the proper timing of the dissociation laser system could be 

Figure 2.19 A diagram of the dissociation and detection region. (1) Initial 1 mm 
aperture. (2) Pulsed deflection plates. (3) Photon baffle. (4) Total 
photodissociation cross section detector, shown raised out of the beam axis. 
(5) Time- and position-sens'tive detector. 
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extremely difficult. Timing can be calculated to perhaps better than 0.5 |is, but the 

uncertainty in the size of the delay between the excitner laser trigger pulse and the actual 

firing of the laser is fairly large, as well as being dependent on the operating temperature 

and discharge voltage of the laser. The required accuracy of timing is on the order of 20 

ns, as this is roughly the duration of the laser pulse. The solution to this difficult problem 

lies in the moderately clever use of a set of deflection plates suspended from the flange 

above the dissociation volume [see label (2) in Figure 2.19]. 

The proper dissociation laser timing can be determined by initially allowing ions to 

propagate through the dissociation volume and impinge on the face of the fragment 

microchannel plate detector, which has been positioned just off-center to allow the ions to 

pass by the blocking strip. Of course, this implies that the detachment laser is not in 

operation, die ion deflector is grounded and the ion detector is grounded and up out of the 

beam axis. After establishing a respectable signal of ions on the fragment detector, the 

time of flight of the mass of interest is noted. A pulsed field is then applied to one of the 

deflection plates straddling the photodissociation volume just early enough to deflect all 

the ions so that they miss the detector. These plates are extended towards die 

photofragment detectors by ~5 cm, primarily to increase the amount of time an applied 

potential can act on die ions, diereby reducing the required strength of the field. 

However, so that the deflector plates do not perturb the ion beam prior to reaching die 

photodissociation volume, it is essential that die potential is pulsed on only after the ions 

have passed mis volume. By applying a relatively large potential ions can still be easily 

made to miss the detector. Invariably die wavelengdi that is to be used to photodissociate 

me radicals will be sufficient to detach the ions. Therefore, by not using the detachment 

laser system and by allowing die ions to continue along undeflected in to die dissociation 

region, one will be able to detach die ions using die dissociation laser system once the 

laser timing is correct. The resulting neutrals will not be deflected by die pulsed electric 
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field and a clear signal will be present on the neutral detector at the time-of-flight of the 

corresponding ion. 

The usefulness of the preceding method is that it is easier to see the relatively 

plentiful radicals formed by detaching a large number of negative ions, than the much 

fewer number of photofragments famed by the dissociation of radicals previously formed 

by photodetachment. This is particularly true if it is not yet known at which wavelengths 

the radical in question will dissociate, a scenario quite common with predissociaring 

systems. In diis case wavelength scanning concurrent with the laser timing search would 

be necessary. This method does have the requirement that the electron affinity of the 

radical must be less than the relevant bond dissociation energy. This situation has always 

been the case in the experiments thus far and is generally true. 

2.7.3 Monitoring Photodissociation Laser Power 

In order to have the capability to normalize to the intensity of photodissociation 

laser during total photodissociation cross section measurements, a pyroelectri; detector is 

used to measure laser power. The pyroelectric detector (Molectron, Modsl Pl-61) circuit 

is shown in Figure 2.20. The active area of this detector is quite small. For this reason, 

care must be taken that the laser beam does not 'walk' during a laser scan, which would 

change the relative amount of the beam that falls on the face of the detector, and thus the 

apparent intensity. To minimize this effect, as well as to attenuate the high laser intensity, 

ground glass diffusers are mounted in front of the pyroelectric detector. 

2.7.4 Laser Light Baffles 

Scattered photons must be controlled in our experiment, both in the 

photodetachment region and in the photodissociation region. The detached electron 

Figure 2.20 A schematic of the Molectron pyroelectric detector circuit. 
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detector can register photons as well as photoelectrons from scattered light hitting the 

inner surfaces of the machine; both will interfere with the accurate appraisal of detached 

election signal. In the photodissociation region stray photons are a particular problem 

when we acquire time- and position-sensitive data. Photons, which reach the detector a 

few microseconds prior to the arrival of fragments, can cause the detector electronics to 

be unable to recover to baseline in time to register the fragments properly. 

To address these concerns, we have installed anodized aluminum light baffles on 

the input and output flanges of both the detachment and dissociation regions. In addition, 

approximately one third of the way to the time- and position-sensitive detector we have 

installed an anodized aluminum disk that is very nearly flush with the inner walls of the 

flight tube [see label (3) in Figure 2.19]. This disk has a hole in the center which subtends 

a slightly greater solid angle than the detector face, preventing photons from reaching the 

detector by indirect routes (i.e., by bouncing off the wall). These precautions are quite 

successful, eliminating up to 90% of spurious signal caused by scattered photons. 

2.7.5 Total Photodissociation Cross Section Detection 

In order to measure the photofragment yield as a function of photon energy, giving 

the total (integrated over all product states) photodissociation cross section, fragments are 

detected using a MCP detector as the photodissociation laser wavelength is varied. This 

detector is located 0.67 m from the photodissociation volume and has an active area that is 

40 mm in diameter. The detector assembly has a 3 mm wide blocking strip that is 

mounted in front of the active area and extends completely across the center of the face. 

This blocking strip insures that undissociated radicals will not strike the detector. The 

same type of linear motion feedthrough manipulator is used to mount this detector 

assembly as is used to mount the ion detector assembly. Prior to operation, the detector is 

lowered down from a fully retracted position (as it is shown in Figure 2.19) until the 3 mm 

blocking strip is centered on the beam axis. 
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The detector construction is identical to that of the ion detector, described 

previously, save the presence of the 3 mm blocking strip. In contrast to the time-and 

position-sensitive detector to be described below, these detectors are characterized by 

their contiguous anode and thus uncomplicated output. When struck by a fragment with 

high laboratory-frame kinetic energy anywhere on the active area of the microchannel 

plate face, the detection efficiency is roughly 50 %. 3 0 The resulting cloud of electrons 

produced by the microchannel plates is collected on the anode, and a fast-rising, 5 ns wide, 

10-40 mV negative polarity peak is produced. This pulse is AC coupled, using a 1000 pF 

capacitor, from the anode which is at 1850 V. It is then transmitted using a shielded cable 

through a BNC connector welded in the flange. The signal is then fed directly into an fast 

preamplifier with a factor of 10 gain (EG&G Ortec, Model 9301), and from there sent to 

the gated input of a charge sensitive analog-to-digital convener (ADC, LeCroy, 2249SG). 

The ADC also receives input from the detached electron detector and the pyroelectric 

detector (Molectron Pl-61, discussed in § 2.7.3) whose output is proportional to the 

photodissociation laser power. These measurements can be used to normalize the 

photofragment signal for variations in these quantities. Lastly, there are provisions for the 

ADC to collect signal from an iodine absorption cell to be used in subsequent wavelength 

calibration. 

When a total (photodissociation) cross section (TXS) scan is taken, a wavelength 

range and step size is chosen that will result in usually no more than 200 wavelength steps 

at 100 shots per point. At 60 Hz, this results in a 6 minute scan. The reason for this 

limited scan length is to guard against the effects of possible instabilities in the source. 

Counting statistics are improved by repeating these scans until satisfactory signal-to-noise 

is achieved. In practice, this can mean up to one thousand or more shots for each point. 

If the ions are unstable, a greater number of quicker scans can be taken by reducing one of 

the two above mentioned parameters. 
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Total cross section data acquisition is controlled by the program FRBM, which can 

be found in Appendix A. 

2.7.6 Time- and Position-Sensitive Detector 

Detailed dynamics of dissociation events undertaken at a specific dissociation 

photon energy are obtained using a time- and position-sensitive detector. The detector 

allows the simultaneous two-dimensional position detection of both fragments from a 

given photodissociation event, with excellent timing resolution (typically < 0.5 ns) in the 

relative time-of-flight of the two tragments. This in turn provides a direct measurement of 

the mass ratio, recoil angle and kinetic energy release for each dissociation event. 

Time- and position-sensitive detectors have previously found use in a variety of 

experiments involving the dissociation of metastable31 or photoexcited species.3 2 

Typically, however, the detector design incorporated one-dimensional (radial) position 

sensing. Two advantages are gained by determining the two-dimensional positions of each 

fragment rather than merely the radial displacements. First, it is necessary to measure 

fragment positions in two dimensions to obtain recoil angular distributions in experiments 

where the electric field vector of the dissociation laser is perpendicular to the beam axis, 

since the photofragments will now longer have azimuthal symmetry about the beam axis. 

A second advantage is realized in discrimination against false coincidences (the detection 

of fragments from uncorrected events), since 

£ - = £ • (2.8) 

*i ?i 

must hold true due to conservation of momentum if the two photofragments originated 

from the same photodissociation event. Detectors with two-dimensionai position 

sensitivity have been developed for a variety of electron spectroscopies33 and recently, for 

charge transfer studies of hiah enersv ion beams at surfaces.34 
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Because both fragments from a dissociation event are detected in coincidence, 

important advantages are gained over single panicle detection. Single panicle detection 

can be used to yield significant amounts of information,35 however, the coincidence 

technique allows the unambiguous determination of the masses of the fragments and the 

center-of-mass dynamical quantities for each dissociation event. Resolution is also 

enhanced by a coincidence measurement, as will be discussed in § 2.7.6.5. 

Position sensing is accomplished using the method of charge division, mounting 

two anodes with three conductors each, whose relative areas vary with position, behind a 

single set of microchannel plates. Other methods were considered but determined to be 

not ideal for our purpose. Resistive anodes and CCD-based imaging techniques have 

slower time responses, and are thus unable to determine the relative time-of-flight of the 

two photofragments to suitable precision. Multi-anode array detection with multi-event 

capabilities would be ideal, but extremely complex and exorbitant. 

The following subsections deal with various aspects of the time- and position-

sensitive detector in some detail. 

2.7.6.1 Detector Body 

Following the design used by the UC Berkeley Space Sciences Laboratory, we 

have assembled the time- and position-sensitive detector as shown in Figure 2.21. The 

Figure 2.21 A schematic of the TPS detector assembly. (1) Kovar/alumina brazed body 
assembly. (2) 8 mm wide blocking strip. (3) Spring-loaded ring assembly 
for holding microchannel plate Z-stack in place. (4) Z-stack of image-
quality microchannel plates. (5) Electron drift region with resistive coating 
on the inner wall. (6) Fused silica anode substrate with photoetched copper 
anode. (7) Feedthroughs for output signals. For the detection of neutral 
panicles, the front end of the detector assembly is held at -4.15 kV, giving 
microchannel plate voltages of = 1300 V/plate, and a drift region voltage of 
230 V over 8 mm. 
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detector body consists of a microchannel plate holder, a resisti vely coated ceramic 

(alumina) drift region and an anode mount The microchannel plate holding section is 

constructed cf Kovar rings brazed on both ends of a ceramic cylinder whose ends have 

been nickel coated. Both rings have tabs so that leads for the high voltage potentials may 

be spot-welded on, and the thin inner ring extends inward to form a shelf for the 

microchannel plates to sit on. The ceramic cylinder provides excellent insulation, isolating 

the MCPs. The thicker outer ring has threaded holes in it to allow a retaining ring to be 

screwed in, tightening down on an annular spring which in turn holds the microchannel 

plates down. The 8 mm wide blocking strip is also keyed into the retaining ring. 

The microchannel plates that are used in this detector are a resistance-matched 

triplet set of soft edged, double thickness, Z-stacked microchannel plates (Philips, G12/46-

DT 13-13-13). They have a 12 micron channel diameter, a 13 degree bias angle and a46 

mm plate diameter. 

Immediately below the microchannel plate holder is the drift region, an 8 mm gap 

between the anode and rhe back of the MCPs. In order to control the amount of lateral 

spreading of the electron cloud, and thus the anode area that the electron cloud covers, the 

potential applied across this region can be varied using the voltage dividing scheme shown 

in Figure 2.22. The walls of this drift region are made of resistively-coated ceramic 

(MacroMetallics) so that die field lines will vary smoothly from the top to the bottom of 

the drift region. The total resistance from top to bottom is — 1 Gfi. 

The anode is mounted on seven pads, one for each of the three conductors plus a 

ground connection. Flat head machine screws are countersunk into the copper-covered 

fused silica anode, and provide a connection to the pads. These pads are in rum welded to 

pins that lead to SMA connectors, which extend out the back of the housing. The 

Figure 232 The voltage divider used to establish the potential across the MCPs and die 
drift region within the time- and position-sensitive detector. 
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connectors couple the signal to lengths of RG-316/U Teflon-dielectric coaxial cable 

(chosen chiefly for it's low capacitance) which in turn are connected to BNC feedthroughs 

on the vacuum chamber mounting flange. 

Mounted on the anode assembly and surrounding all of the other sections, save the 

face of the MCPs themselves, is a magnetic shield made from annealed stainless steel 416, 

which guards against the influence of magnetic fields on the electrons produced by the 

MCPs. Clamped to this magnetic shield is an assembly that supports a 90 % transmittance 

screen in front of the detector, to reduce the background caused by stray positive ions. In 

contrast to the other microchannel plate detectors used in this experiment, the anode is 

held at ground for ease of coupling the signal out to the preamplifiers, while the front of 

the MCPs are at —4.15 kV. Without this shield, positive ions formed in the ion pumps 

or the detector region ion gauge will be attracted by this large negative potential and will 

contribute to spurious background signal. Because the experiment is pulsed, and the 

detection electronics are gated on tor only a few us per laser shot, these background 

counts would rarely register. Even when they do register, they will be disregarded since 

they will not meet our coincidence discrimination criteria. If they are too plentiful, 

however, they will begin to disrupt detection of valid events by causing pile-up. For this 

reason, we accept a slight diminution of signal which accompanies the installation of the 

shielding mesh. Additionally, we often rum off the detector region ion gauge during an 

experiment. These measures cut down drastically on positive ion background. 

2.7.6.2 Wedge-and-Strip Anode 

Our detector possesses position sensitivity because of a specially designed anode 

placed behind our stack of microchannel plates. This anode is flat, and is comprised of 

two separate semicircular sections, each of which has a wedge-and-strip pattern of 

conductors. A simplified schematic of this pattern is ,<iown in Figure 2.23. It is enlarged 

and, for the sake of clarity, involves five periods per half rather than 32. which is the 
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number typically use.' ' i the anodes installed and used in the detector. It is comprised of 

interlocking wedges, which taper along their .ength in the x coordinate, and strips, which 

vary in width linearly with the y coordinate. A third conductor zigzags between the 

wedges and strips and fills the remaining area of the anode pattern. Charge division 

between the three conductors will depend on the area of each conductor, which varies 

with position. The position of a fragment in the x and y directions is nominally given by 

the following relations 

and y ; ~ Qi . (2.9) 

The pattern which has aeen used most extensively has a period of 0.8 mm, with minimum 

and maximum wedge fractions of 0.04 and 0.40 and minimum and maximum strip 

fractions of 0.06 and 0.40. Insulating borders 40 u.m thick separate each conductor. 

The substrate on which the anode pattern is fabricated is a custom made fused 

silica disk (S & S Optical), 2.9 inches in diameter and 3 mm thick. Fused silica is chosen 

for its low dielectric constant, and consequent small capacitance. Countersunk holes are 

machined near the outer diameter to allow mounting of the anode and electrical 

connections to the conductors via the Rathead screws which hold the anode in place. This 

disk then has a 6 urn thick layer of copper vapor-deposited onto its surface (Scientific 

Coatings). The wedge-and-strip pacteni is photoetched onto this copper surfacc 

The pattern is constructed using a modified version of computer code obtained 

from the UC Berkeley Space sciences Laboratory. Gerber (plotter format) output from 

Figure 2.23 A wedge-and-strip anode pattern, enlarged and simplified for Uisity. The 
wedges are hatched, the strips have a vertical striped pattern, while the solid 
line bordering conductors represents a thin insule ring gap. Wl , S I, Zl and 
W2, S2, Z2 measure the charges for the upper and lower halves of the 
detector, respectively. The actual patterns typically have 32 periods per 
side, rather than five as shown here, and a diameter of 54 mm. 
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this program is transmitted to acility (Image Technology Inc.) where a full-scale 

photomask is made that is seven times larger than the eventual photomask used in the 

fabrication. Photoreduction of the image is then carried out, with both positives and 

negatives made of the actual size photomask. 

At Space Sciences Laboratory, the wedge-and-strip pattern is then photoetched 

into the vapor deposited copper using a large mercury lamp to illuminate the treated 

copper surface through the photomask. Copper is completely and selectively removed 

where an insulating region is desired, forming conductors separated from each other by an 

insulating strip of bare fused silica. 

2.7.6.3 Detection Electronics 

To process the charge fraction and timing information, we must accomplish two 

separate tasks: determine the charge fractions on each of the three conductors for each 

half of the anode, and determine the difference in time-of-flight of the two 

photofragments. A schematic of the data acquisition system that is used for this purpose 

is given in Figure 2.24. 

To accurately determine the charge fractions, the signal from each conductor is fed 

directly into a charge sensitive preamplifier (Canberra, Model 2004). We have made 

modifications to the input stages of these units for improved performance in their role in 

this experiment. Specifically, the input of these preamplifiers is manufactured with the 

ability to float many kilovolts above the rest of the circuit. This ability is not only 

unnecessary, certain aspects of the input circuitry were found to be detrimental to our 

application. Figure 2.25 shows a circuit diagram of the input stage prior to any 

modifications, followed by the circuit diagram after modifications. Since we do not float 

our detector, the high voltage input connector is fitted with a grounding plug. The 

removal of the 100 Mli resistor was necessary to allow adequate draining of the 

accumulated charge on the anode conductors to ground between events, particularly at 
105 



high count rates. The sole purpose of die 1000 pF capacitor to ground originally located 

between the two resistors on the HV input line was to condition the high voltage power by 

serving as a low pass filter. It is therefore removed. The last change that was made 

involves the capacitor that couples charge from the conductor to the charge sensitive 

amplifier circuit. The "alue of this capacitor was raised from 1000 pF to 0.01 up. The 

major effects of these modifications are a decrease in inter-conductor cross-talk, thought 

to occur because the capacitive charge division that occurs between the preamplifier input 

capacitor on one hand and the neighboring conductors on the other hand is altered to 

increase charge flowing to the preamplifier, and decrease charge coupling to neighboring 

conductors. A slight gain in signal is observed because the increased capacitor value 

allows a lower frequency cut-off than was the case previously. 

The output of the charge sensitive preamps is a fast-rising pulse with a relatively 

long fall-time; the amplitude of the pulse is proportional to the amount of charge detected 

by the preamplifier. The preamplifier output is sent to a spectroscopy amplifier (EG&G 

Ortec, Model 575A) which forms an amplified, shaped peak whose amplitude is 

Figure 2.24 Schematic of the data acquisition system. W1.S1.Z1 and W2.S2.Z2, charge 
signals from the three conductors on both halves of the wedge-and-strip 
anode; QA, Canberra 2004 charge sensitive preamplifiers; FA, ComLinear 
CLC 100 fast timing amplifiers, AC coupled to the strip conductor from 
each half of the anode to provide fast timing pulses; S A, Ortec 575A 
spectroscopy amplifiers; CFD, Tennelec TC455 constant fraction 
discriminator, DDG, Precision Instruments 9650 digital delay generator; 
TAC, Canberra 2145 TAC/SCA time-to-amplitude converter; ADC, Ortec 
413A analog-to-digital convener, CAMAC, Kinetic Systems CAMAC 
crate interfaced with a DSP Model 6001 CAMAC crate controller to a 386-
based PC/AT clone. Externally supplied gating allows the ADC's and the 
TAC to accept data only when photofragments are expected. 

Rgure 125 Schematic of the Canberra 2004 input stage before, and after modification to 
remove the components deemed unnecessary and detrimental to the present 
application. See text. 
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proportional to the amplitude of the rising edge of the preamplifier output The shaping 

time constant can be 0.5,1.5 or 3.0 jis, but is in our case dictated by two competing 

factors. A more precise output is obtained when the shaping time constant is longer. 

However, at the photodissociation photon energies we typically use, scattered photons are 

occasionally detected at the time- and position-sensitive aetector. If scattered photons are 

being registered, it is best to use the smallest shaping time constant, thus returning the 

output of the spectroscopy amplifier to baseline promptly (the difference in time of flight 

for the photons and the fragments is only 4-8 (is). 

The six spectroscopy amplifier outputs are fed into channels 1-3 of two 13-bit 

quad analog-to-digital conveners (ADCs, EG&G Ortec, Model AD413). These are gated 

using a home-built gating circuit to accept signal only for a few microseconds during the 

period when photofragments are expected. The ADCs also have a hardware discriminator 

that can be set at any value up to 0.5 V, causing pulses of smaller amplitude to be rejected. 

This prevents line noise or spurious events from causing the ADC channels to be busy. 

The difference in time-of-flight of the two fragments is measured by first splitting 

off, on each anode, a portion of the strip conductor signal through a 2 pF capacitor to the 

input of a 500 MHz video amplifier (ComLinear Corp., Model CLC100). These negative 

going signals, having been amplified by 10 times, are then routed into two channels of a 

quad constant fraction discriminator (CFD, Tennelec, Model TC455). The CFD is 

typically set up to run in the 50 % mode, with the fixed delay being provided by 0.5 ns 

cables plugged into the front panel. A threshold is set for each channel with the 

knowledge that the output of the CLClOO's is biased at -0.019 V. Thus a threshold 

setting of -5 mV actually cuts out all peaks less negative than —25 mV. In the case of a 

real event, where both the upper and lower anode register signal, the discriminator then 

feeds the upper timing pulse to the START input of a time-to-amplitude converter (TAC, 

Canberra, Model 2145 TAC/SCA). The lower timing pulse is sent through a long delay 

cable or is used as the external trigger for a digital delay generator (DDG, Precision 
109 



Instruments, Model 9650) that is set to provide a delay of greater duration than the 

greatest difference in time-of-flight possible for the system being studied. This ensures 

that die lower timing pulse, after being subjected to this fixed delay, always follows the 

upper timing pulse and can be reliably used as a STOP pulse for the TAC. The TAC is 

gated on for only a few fis per laser shot using a gate delayed to the appropriate time by a 

gate generator (EG&G Ortec, Model 416). This gate generator is triggered by the synch-

out pulse of the dissociation excimer laser. 

The experiment is controlled by a PC/AT clone interfaced to the CAMAC crate 

where the ADC's are housed. The program used for data acquisition is called TPS (an 

acronym for Time- and Position-Sensitive), which can be found in Appendix B. 

2.7.6.4 Calibration 

Calibration of the time- and position sensitive detector involves both calibration of 

the electronics, so that a reliable correlation between signal level and charge fraction (or 

time) is established, and the calibration of coefficients within the algorithm that converts 

the measured charge fractions to positions. 

The level of amplification of the charge collected on each conductor is determined 

by the individual amplification settings on the spectroscopy amplifiers. Making this 

amplification uniform amongst all of the conductors is then a matter of simulating the 

arrival of a specific amount of charge at each conductor by capacitively coupling me 

falling edge of the square wave output of a pulse generator (Hewlett-Packard, Model 

8012B) through a 1 pF capacitor. This charge is injected just outside the feedthrough 

associated with each anode conductor in rum while the spectroscopy amplifiers for that 

conductor are adjusted to give an identical reading into the same ADC channel. Using the 

same ADC channel accounts for possible differences in ADC sensitivities (to be 

determined below). The zigzag conductors are adjusted to read half of the value returned 

by the wedge and strip conductors for the same test pulse. This convention is followed 
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because on average, die charge fraction on the zigzag conductor is twice as much as on 

either the wedge or the strip conductors due to the larger relative area of the zigzag 

conductor. The ADC value given for the zigzag conductors is multiplied by two 

immediately after being read by the computer during data collection. 

Calibration of the ADC channels used in charge fraction measurement is 

accomplished by noting trie ADC output for a range of spectroscopy amplifier output 

levels from 1 to 9 V, as measured using the oscilloscope. The dependence of ADC 

channel output on the height of the input pulse can then be determined using a linear least-

squares fit. This information is stored and used to rescale the raw charge measurements 

during data analysis. 

For timing measurement calibration the TAC output is fed into channel 4 of the 

ADC which measures the Wl, SI and Zl output in channels 1-3. The ADC output is 

noted while injecting charge onto SI and S2 at various relative delays. A TAC calibration 

curve can then be constructed and fit by a linear least-squares routine. When using the 

digital delay generator (DDG) to establish a variable delay, the intrinsic response time 

(approximately 40 ns) of the DDG3* following external triggering must be added to the 

front read-out. The total delay includes the sum of contributions from this response time 

as well as the delay dialed into the delay generator. Alternately, a series of long BNC 

cables can be used to give a precise, if cumbersome delay line. 

From this calibration curve, experimental TAC output is easily convened during 

data analysis to the apparent difference in time-of-flight for the two fragments (including 

known delay). Subtraction of the total known, fixed delay diat is present to insure the 

upper fragment is always the START pulse and the lower fragment the STOP pulse can 

dien be done. The signed difference in time of arrival, x, will then be known to better than 

0.02 % of full scale on the TAC. This translates to 0.2 ns on the 1 us full scale TAC 

setting. 
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The relative amounts of charge on the three conductors of each anode are 

translated into positions in a slightly more complicated manner. The x and y positions on 

the detector face are roughly proportional to the fraction of total charge found on the 

wedge and strip conductors, respectively, as given in § 2.7.6.2. However, the full 

formulae for finding position from charge fractions includes empirical coefficients for these 

terms mat are linear in charge fraction as well as other factors to correct various residual 

nonlinearities in the detector. The actual formulae used for the x and y coordinates of the 

upper (denoted "1") position are: 

*, =x0 + aMl •[/„,+ (ct^-X)- /„+(<?„,, -D- fix ]-*„, (2-10) 

Vi =y„ + aA •[/„ + ( « „ , - » • / „ +{qA-l)-fi]-bA. (2.11) 

The formulae for the position on the lower half of the detector are identical except for 

having "2" substituted everywhere for "1". The assumed position of the center of the 

radical beam axis on the detector face is denoted x0, y0. The fraction of the total charge 

found on the wedge conductor of the upper half of the detector is given by /„,, i.e., 

A multiplicative and additive coefficient are given as a and b, respectively, with subscripts 

indicating whether they refer to the wedge or strip (i.e., awl or bsi). Crosstalk between 

electrodes is possible given their extended shared borders. However, the wedge and the 

strip are always separated by the zigzag conductor. Since they are not adjacent at any 

point, crosstalk between them will be minimal and is not treated. The factors ctml and 

crrei represent an attempt to account for wedge-zigzag and strip-zigzag crosstalk, 

respectively. Lastly, a coefficient for a term quadratic in the total charge found on the 

wedge (for x coordinate) or strip (for y coordinate) is included to assist help in modeling 

residual nonlinearities in the detector position sensing. For example, the problem of 'edge 
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effect', where the apparent position -f events near the outer edge of the detector face 

begins to curl inwards, cannot be accounted for satisfactorily in the absence of nonlinear 

terms. This problem is thought to be a consequence of a number of factors, mostly related 

to the finite extent of the anode pattern and the slightly inhomogeneous drift field potential 

near the edge of die detector body. 

The coefficients needed in Eqns. (2.10) and (2.11) can be deduced by measuring 

the apparent position of UV photons from a mercury lamp which pass dirough a regular 

4 x 2 mm rectangular grid pattern photoetched into a 0.002 inch thick nickel sheet placed 

on top of the first microchanne) plate. The pattern consists o( both 50 and 25 nm 

diameter holes, and a non-linear least squares fitting routine is used to determine the 

coefficients that result in me best fit between the observed pattern image and the 

knowledge of the true positions of the holes. 

Analysis of the intensity profiles of individual imaged pinholes indicate that the 

spatial resolution is on the order of -125 /im full-width-at-half-maximum in x and -75 jam 

in y. The difference in x and y arises from the fact that both the wedges and strips have 

nearly exactly the same maximum and minimum charge fractions, but the dynamic range of 

the wedge pattern is spread over the entire diameter of the anode, while the dynamic range 

of the strip covers only a radius. 

2.7.65 Translational Energy Resolution Considerations 

Relatively high translational energy resolution can be achieved in our experiment 

(AE/ET = 0.7%), 3 7- 3 8 partially because of the coincidence scheme we employ. The 

coincidence requirement differs in principle from nearly all other translational 

photofragment spectroscopy experiments, where only one fragment is detected. In our 

experiment the distance between the two fragments at the detector face, and their 

difference in time-of-flight, are determined to a precision of-140 u.m and 0.5 ns, 

respectively. A simpler scheme, where the position of only one of the two fragments is 
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measured relative to die center of die detector, and die time-of-flight of this fragment 

determined relative to die dissociation laser pulse, is indeed possible. However, this 

method would be subject to uncertainty both in die distance measurement (due to die size 

of die radical beam at die detector, about 1 mm in our case), and in die flight rime (die 

dissociation laser pulse is -30 ns long), that would serve to decrease die energy (and 

recoil angle) resolution. The coincidence mediod is insensitive to tiiese effects. 

One factor which could affect die resolution of the coincidence mediod is die 

spread in die kinetic energy of die radical beam. However, AE/E0 is also quite small in our 

experiment, at 0 .1% 3 8 it compares favorably to the typical (1-10%) energy spread of most 

neutral molecular beam photodissociation studies. 

The only single fragment detection scheme which has better translational energy 

resolution is die hydrogen atom time-of-flight method developed by Welge and Ashfold,39 

which provides unparalleled energy resolution (AE/Ej- = 0.3%). However, this technique, 

as it is now formulated, takes advantage of the relatively light mass and long-lived 

Rydberg states of hydrogen atoms, and is thus restricted to studying systems which lose a 

hydrogen atom upon photolysis. On the other hand, the ion-imaging technique developed 

by Chandler and Houston,40 while providing quantum state selection of one of the 

photofragments, actually has fairly poor trinslational energy resolution (0.2-0.5 eV) for 

the reasons, given above, that our resolution would suffer if a coincidence measurement 

was not made. 

As mentioned previously, no ionization is required for detection of the 

photofragments produced in our experiment. This avoids a final resolution consideration 

which adversely affects experimentalists utilizing an electron-impact ionization region to 

facilitate fragment detection. The ultimate resolution achieved in this mariner is usually 

limited by die ratio AL/L, where AL is the length of the ionization region and L is die 

flight length to die detector. 
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iS Experimental Timing Sequence 

The experimental timing is accomplished using two digital delay generators 

(Stanford Research Systems, Model DDG-525). The timing sequence used for both total 

cross section and dissociation dynamics experiments are nearly identical. The internal 

clock of the first delay generator is used as the base for our experiments, and the repetition 

rate we most frequently chose is 60 Hz. The delay values given below are representative 

of those used for a molecule of mass -42 amu, and beam energy of 8 keV — other 

conditions will, of course, cause these numbers to vary correspondingly. 

• T 0 triggers the pulsed valve driving circuit 

• A triggers the 'potential switch', typical delay: 310 |is from T 0. 

• B triggers the mass spectrometer pulsing circuit, typical delay : 1.1 us from A. 

• C triggers the ion compressor pulsing circuit, typical delay : 260 ns from B. 

• D triggers home-built gate generator circuits41 which gate the detached electron, laser 

power, and iodine absorption cell (if used for wavelength calibration) signal collection. 

In addition, the square wave extraction pulse used in the detection of detached 

electrons is a product of a gate generator circuit. 

The seccnd SRS DG-525 is triggered using the AB output of '.he first, which has a rising 

edge at the B (mass spectrometer) delay. Its outputs are as follows: 

• T 0 ' triggers the oscilloscope used to monitor the experiment 

• A' triggers the detachment laser, typical delay 4.100 u,s from B. 

• B' triggers the dissociation laser, typical delay 7.300 |is from B. 

• C is used infrequently to trigger the pulsed deflection plate involved in the 

determination of photodissociation laser timing (see § 2.7.2). Otherwise it is unused. 

• D' triggers the gatt generator circuit which gates the detection electronics on when 

photofragment signal is expected: in this case a typical delay is 12.000 \xs from B. 

115 



If the pulsed discharge source is used, delay A then controls the firing of the high power 

pulse generator that provides the discharge voltage/current. All other delays are then 

shifted down by one position until C (which is typically not in use) is reached. 
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Chapter 3 

Data Analysis: Principles and Procedures 

Because of improvements in the detection scheme used in the experimental 

apparatus, we have obtained information concerning the dynamics of free radical 

dissociation through two different techniques. In our initial studies of the 

photodissociation dynamics of both N 3 and NCO (die investigation of NCO is detailed in 

Chapter 5) a somewhat primitive method of probing dissociation dynamics was applied, 

namely, measuring the time-of-flight distributions of the photofragments. This approach 

was considered intermediate between having essentially no way of probing the dynamics 

of dissociation and the imminent implementation of the time- and position-sensitive 

detector, then under construction. When the time- and position-sensitive detector was 

fully developed, it immediately became the tool by which dynamical information 

concerning the dissociating radical under investigation was gleaned. Because Chapter 5 

chronicles experiments which were completed before the new detector was completed, 

while the experiments in Chapter 6 took place after the new detector was put into service, 

the principles used to analyze both types of data will be discussed. 

3.1 Time-of-Flight Distributions: Monte Carlo Forward Convolution 

As mentioned above, the time- and position-sensitive detector was developed after 

the rest of the apparatus. In order to obtain some information about the dynamics of the 

dissociation processes under study, a much simpler, although admittedly somewhat less 

informative detection scheme was assembled. By using a 200 MHz transient digitizer to 

record and sum the time of arrival of all fragments from 1-4 x 10* laser shots, we were 

able to build up a time-of-flight distribution. This was typically done for both vertical and 

horizontal laser polarizations, in order to be able to deconvolve the photofragment angular 

distribution from the data unambiguously. 
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It must be acknowledged that this technique is somewhat limited, in mat it is only 

applicable if the fragment masses are known, for reasons which will become apparent. For 

this reason, while it was quite successful when used to investigate simple systems such as 

N 3and NCO, it would be inappropriate for a system with multiple and/or undetermined 

product channels. 

The n'mc-of-flight distribution is typically comprised of signal from both fragments 

of a given dissociation event. However, there is no upper detection limit of one event per 

laser shot as there is with the more sophisticated time- and position-sensitive detection 

scheme that is currently employed. There is also no coincidence requirement, that is, if 

only one fragment of a given dissociation is detected, whether because of geometric 

discrimination or detector efficiency, it is not rejected for want of a corresponding 

fragment The wings of the fragment time-of-flight distribution will always be from the 

light fragment of dissociation events releasing the most kinetic energy parallel to the beam 

axis. Thus, assuming the masses of the fragments are known, the maximum kinetic energy 

release can be determined by consideration of the kinematics and the observed minimum 

and maximum flight times. The shape of the time-of-flight distribution is the result of a 

convolution of the kinetic energy release and the recoil angular distribution. This time-of-

flight distribution can therefore be analyzed to give internal energy distributions of the 

products at a moderate level of detail, corresponding to the vibrational populations of all 

accessible product levels (the data typically does not justify determining rotational 

distributions), as well as an anisotropy parameter for events associated with each N atom 

electronic state. 

The method of analysis used to obtain the best fit to the data for these parameters 

is known as Monte Carlo forward convolution. The program used in this procedure was 

adapted by Dr. Robert Continem from the LabAvg code used to analyze D + H 2 reactive 

scattering data.1 LabAvg itself was a modified version of importance-sampling Monte 

Carlo code originally written by Dr. R. B. Walker, which was based on a publication by 
121 



Dr. R. X Pack 2 describing a rigorous treatment of the apparatus averaging of die discrete 

center-of-mass to laboratory transformation. What follows is a brief explanation of die 

Monte Carlo forward convolution method of analysis and description of how it applies to 

our experiment. 

'Monte Carlo' refers to die use of random sampling of all of die microscopic 

experimental variables leading up to a dissociation event. Importance sampling, which 

allows a weighted random sampling for each variable, is achieved by using normalized 

probability functions to describe die various distributions of interest For example, it can 

be shown experimentally mat the ion (and thus die radical) beam energy distribution are 

well described by a Gaussian having a FWHM of-0.1 %. Randomly sampling diis 

weighted distribution will result in a very realistic treatment, in that energies closer to me 

mean will be sampled more often dian those in die wings of die distribution. 

This approach is applied to each variable in turn during an iteration, which itself 

consists of following an event from radical, to fragments, to die detector face, if the event 

is successful in propagating diat far. Examples of quantities having a distribution diat 

must be sampled during an iteration include: lab kinetic energy of die beam (mentioned 

above), beam divergence, photodissociation volume, dissociation photon energy, etc. 

These quantities can all be assigned realistic distributions from which the program 

samples. 

The program keeps track of position and velocity information for all particles as 

each iteration proceeds; determining, for example, whedier the radical trajectory will be 

successful in propagating through the beam-defining apertures, and whedier die 

photofragments hit die active area of die detector face. A predicted photofragment recoil 

angular distribution and vibrational level population distribution (die latter implies die 

translational energy distribution dirough conservation of energy considerations, as seen in 

§ 1.3.2) is sampled as part of die simulation for each iteration. The program continues to 

follow die fragments to die detector face, noting die time-of-flight. so diat a simulated 
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time-of-flight distribution can be accumulated following approximately 1 x 10* iterations. 

This simulation can then be compared to the actual time-of-flight distribution from the 

experiment, and any deficiencies noted. A new recoil energy and angular distribution can 

then be constructed, and this used in another simulation. 

It is this process of predicting, simulating, comparing simulation to data, and 

modifying the prediction to attempt to correct deficiencies that results in the name 

'forward convolution'. By this iterative, often time-consuming process a recoil and angular 

distribution can eventually be found that fits the time-of-flight distributions from both 

polarizations and all flight lengths at a given photon energy. 

3.2 Analysis of Time- and Position-Sensitive Detector Data 

Once the time- and position-sensitive detector became operational a direct 

measurement of the mass ratio (useful in the case of multiple channels), kinetic energy 

release (KER) and recoil angle with respect to the direction of laser polarization could be 

made for each dissociation event through methods outlined below, and analysis of time-of-

flight distributions became obsolete. The specific implementation of our analysis 

principles for time- and position-sensitive detector data has evolved to incorporate 

improvements every time we have undertaken the analysis process for a new system. 

Several improvements and options in the data analysis which have been thought out 

remain to be implemented due to lack of time and/or necessity (i.e., provision for analysis 

of data obtained with the laser electric field vector E to be pointing perpendicular to the 

detector face). In this section, a description of the analysis principles will be given along 

with an rough idea of their application. 

As explained in § 2.7.6.2, the raw information retrieved from our detector is a 

measure of the amount of charge found to impinge on each of the three elements (wedge, 

strip, and zigzag), for each of the two halves of the detector face, as well as the output of 

a time-to-amplitude convener, which corresponds to the difference in time-of-flight for the 
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two fragments. This data is then convened using the algorithms given in § 27.6.4 to a 

two-dimensional position of each of the two photofragments on the detector face, and 

their relative time of arrival. In the remainder of this chapter, the conversion of this 

position and timing information to kinetic energy release (KER), recoil angle tbeta with 

respect to electric field vector E of the laser, and mass ratios will be discussed. This is 

followed by a discussion of the required normalization of the raw translational energy and 

recoil angle distributions, necessary to account for the presence of the beam block and 

finite radius of the detector. Lastly, an account is given of the method by which final 

determination of the translational energy distribution and energy dependent recoil 

anisotropy is made. 

3.2.1 Derivation of the Kinematic Equations Involved in Determining the 

Center-of-Mass Recoil Angle, Kinetic Energy Release and Mass Fraction 

for a Dissociation Event 

Each of the above title quantities can be determined from the position and relative 

time-of-flight data afforded by our detector. With reference to Figure 3.1, the equations 

which allow the these quantities to be found will be derived. Before beginning, a few 

definitions and identities will be put forth. 

32.1.1 Preliminaries 

The time-of-flight from center of the photodissociarion volume to the detector face 

for the center-of-mass of the dissociating system is 

Figure 3.1 The relationship between the experimental observaMes (L,M,v0,r,^2Ji,z) and 
the desired quantities (m;,m2,9,v,d) is shown by this diagram. 
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Figure 3.1 
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where L is die flight length from die center of die dissociation volume » die face of die 
detector, and ]v0| is die velocity of die center-of-mass of die dissociating system, which is 

determined by die mass of die parent radical M and die ion beam energy Eg, Le., 

The relative velocity vector between die two fragments can be expressed as 

h-l--/ 2E1&-. (3.3) 

where EKER is die center-of-mass kinetic energy release in the dissociation event and p. is 

die reduced mass 

H = - ^ ^ - . (3.4) 

The relative velocity vector is defined via the individual center-of-mass velocity vectors of 

die two fragments in die usual way: 

y™,=v,-v 2 (3.5) 

We chose particle 1 to be the fragment which is found on the upper half of the detector, as 

shown in Figure 3.1. Each of v t and v2 can be expressed as a sum of parallel and 

perpendicular components, i.e., 

v^vfv + vr (3.6) 

Furthermore, we can express vf and vf"p in terms of |v„, | and 6. 9 is defined relative 

to die direction of E (for the purposes of this derivation die electric field vector E of the 

polarized laser output is assumed to lie parallel to the radical beam axis, dierefore 9 is 

parallel to |v 0 | and perpendicular to die detector face), v/*" and vj"'? are dius given by: 
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vr=^-|v rw|-cose 

*r=-5i«u-«*e 

tr^Zftj-*** 

«r=-5-h ?J-* e 

(3.7) 

The time-of-flight for each panicle can be expressed as 

and 'Hvoi+vr 
(3.8) 

If t is defined as positive if the upper fragment (particle 1) arrives first, then 

L I 
T = r,-r, 

v 0 | + v 2 | v 0| + v l 
(3.9) 

After subsriturion for the components of v, and v2 which are parallel to the radical beam 

axis into Eqn. (3.9) an expression for |v 0 | t can be found 

?oT = I 
•cos 9 

] + m 1 - m L ^ c o s 9 _ m I m 1 

M 
•cos 8 

(3.10) 

"ol M 

Now we turn our attention to finding an expression for R, which is defined as the 

vector connecting the two positions of the fragments from a given dissociation event, from 

the lower to the upper half of the detector. This is almost (but not quite) equivalent to the 

two-dimensional projection of the three-dimensional relative velocity vector on the 

detector face. We begin by expressing R in terms of f\ and r2: 

R = rl-r2 (3-11) 
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Although, there is a relatively large uncertainty in the individual measurements of r, and r 2 

(see § 3.2.1.4), most of the uncertainty is correlated, and is canceled if we are simply 

considering fl. 

Now, r, and r 2 can be expressed as 

n-vn-h and r2-v2 -i2-

So 

*=(?r-h)-{vr-h) 

(3.12) 

(3.13) 

Since we already have expressions for t{, t^ and the perpendicular velocity components in 

terms of v„,, we substitute to obtain 

R = L 
^ • M - s i n e 
M jvp 

n i l"™/| 

M 
sin 9 

1 + ^.E_<i. c 0 S e i_a.Esd.cose 
M v„ M v„ 

which can be rearranged to give 

(3.14) 

R = L 
•sinG 

1 + Z ! i 2 Z £ i . M . c 0 S 9 _ _ _ _ ^ 
Af M* 

•cos 9 

(3.15) 

32.12 Center-of-Mass Recoil Angle 

If Eqn. (3.15) is compared with Eqn. (3.10) one will note similarities. In particular 

the denominator and portions of the numerator on both right hand sides are identical. 

Dividing Eqn. (3.15) by Eqn. (3.10) gives 

128 

http://i_a.Esd.cose


J&~- ».16) 

It is now apparent that 9 can be determined from the measured quantities of R and t, and 

knowledge of the radical beam velocity, |v0|. Rearranging Eqn. (3.16) to solve for 0 gives 

e = tan _ 1 T-4- - (3.17) 
<>oKJ 

It should be emphasized diat despite its simplicity, Eqn. (3.17) is exact 

3.2.1.3 Kinetic Energy Release 

The second quantity that must be extracted from the data is the kinetic energy 

released in the dissociation or, synonymously, the center-of-mass translarional energy of 

the dissociating system (EKER and ET are used interchangeably in our analysis and 

discussion). This quantity can be determined beginning with the ratio of the beam energy 

to the kinetic energy released in the dissociation process: 

Em_ = lL\2A- (3.18) 
E0 M |v0| 

Within this expression, only |v r r i | (and of course EKER) is not known explicitly. However, 

the ratio of recoil velocity to beam velocity is proportional to the ratio of the recoil 

distance to the flight length. Unfortunately, unless 9 = 90°, we do not measure the recoil 

distance of the fragments after propagating for exactiy the flight time taken by die center-

of-mass of the dissociating system. However, we can determine this quantity from the 

experimental observables R and t. 

Once again referring to Figure 3.1, if we call R' the separation of the fragments 

perpendicular to the radical beam axis after rime r 0 (the center-of-mass flight rime), and 

|v0J i' the separation of the fragments parallel to the radical beam axis after time t^, we can 
write 

129 



V 
Expressions for R' and |V0JT" can be determined to be 

(3.19) 

i- i -

V0T' = fo- 7 rri r =p-fK«, | -COSe 
l v o | 

(3.20) 

(3.21) 

Comparing these last Eqns. tor R' and |V„|T' to Eqns. (3.10) and (3.15) which give 

expressions for /. and |v0|t, respectively, it can be seen that 

R' = R 

and similarly 

+ m l Z m L l ^ | . c o s e _ m r ^ 2 
M |v, Ml 

^-cos9 
V \H J 

(3.22) 

VnT = V. T 1 + m2-mx |v„,| mi-m1\ \vrti. 
M v„ 

cos6-
AT v, 

•cos 9 (3-23) 

Substituting for R' and |v0k' into Eqn. (3.19) gives 

c _ r " T m 2 
EKEK-EO-—2 -JJ 

[ ( 1 V Q | T ) 2 ^ 2 ] 
1 + mj-m,i |v«; 

W J Kl V W2 j ( | v 0 | •cose 

(3.24) 

We can now expand the final square-bracketed term to be a polynomial in -r^r- cos 9. 
N 

we recognize that 

K.-1 = I?KB M 
Kl I E . !»' 

(3.25) 
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we can see that V^r «s determined primarily by the square root of the energies involved. 

m 
At a typical beam energy of 6000 eV, standard recoil energies in the 0-5 eV range give a 

i-^r ratio on the order of 0.01. Therefore, since W « 1, we leave out terms higher 
l 7o| N 

than second order in V^r • cos 8 to obtain 

m 

" 1 + 2 f w »- m 'Yf-l.cose + 1 
I M ) |v 0| 

\(m2-m1f-2m1m2' (\V«'\ o l 
2 

Y-=7-cos8 M2 I lvo| J 
(3.26) 

|v .1 
At this point we need to eliminate references to VrpcosQ since we do not know this 

hi 
quantity exacdy. We can, however, substitute the equivalent quantity as given by a 

rearranged Eqn. (3.10), shown here as Eqn. (3.27), 

ft—T m2 - m] |v7e; 
M 

c o s e - ^ i i (3.27) 

Vn X 

Keeping only terras contributing at the second order level or less in -^—, which itself is 
|v ,1 

on the order of Vrf, gives the result 

(3.28) 

which in almost all instances does not give a discernibly different result when the quadratic 

correction is neglected. Therefore the form of the equation we often use in practice is: 

" 1 + 2 r^- m ,Ylvo|x + 

V M J L 
3(m, - ra , ) -2m, m-, M2 
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32.1.4 Mass Fractions 

It is sometimes the case that the radical under consideration is sufficiently simple 

that the identity of the dissociation products is evident. However, as larger and larger 

radicals are studied it will be critical to be able to identify the product channels) that are 

produced. Analysis of ths kinetic energy release, for example, is precluded if the masses 

of the fragments involved is unknown. For mass ratio measurement, the position of each 

particle on the detector face relative to the average center of mass position of the radical 

beam (x„, y 0) is required, and is given by r{ =^x-,-x0)2 + (y ; - y 0 f (where ( = 1,2). 

The average center of mass position of the radical beam (x 0, y 0) must be 

determined from the data. This is a trivial procedure for cases where the masses of the 

products are known, since the center-of-mass coordinates of each event can be calculated 

in rum, summed and averaged. If the masses of the fragments are unknown, a slightly 

different procedure is used, which can be explained as follows: Imagine if, for all 

dissociation events, the positions of both fragments were joined by a straight line. By 

choosing a circle of diameter -2 mm, and varying its location in the vicinity of where, 

experimentally, we know the position of the radical beam should be, we can eventually 

maximize the number of evenis whose lines intersect this circle. The position of the center 

of this circle is then taken to be (XQ, y 0), as well as the peak of a two dimensional Gaussian 

distribution describing the radical beam intensity, having a full width at half maximum of 

-1 mm. 
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Knowing r, and r2, albeit with some uncertainty, will allow the calculation of the 
mass fraction — associated with a given event Remembering that r, and r2 can be 

"h. 

expressed as 

f^vftf and h = ^ - h ( 3- 3 0> 

and that we have already developed expressions for vf^, vf**, tv and %, we can then 

set up the ratio 

>i 
M 

M to, •cos9 

h ah. 
M 

l ? '"! dnO L ah. 
M N i _ w i . %.l •cos 9 

M |v0| 

After canceling terms, this reduces to 

(3.31) 

!_B.M c o s e 

h m\ t , "h 
M |v0| 

cos6 
(3.32) 

Because the \£M ratio is on the order of 0.01, and r, and r2 have a relatively large 
hi 

uncenainty due to the reliance on the average (x0, y0), it is logical to invoke the 
approximation — - = 1 - 8, to obtain 

r, rib. j-iy.eose+i^.fiy.cose^ (3.33) 

We now substitute the expression determined previously in Eqn. (3.27) for 7^/-cos6, 
N 

keeping terms only to first order in -^—, to give 
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fM'-m) (3.34) 

Since we are interested in the mass ratio of the photofragments, we rearrange the equation 

once again to finally obtain 

-m; (3.35) 

Since we always know the total mass M of the radical that is being studied, it is a trivial 

matter to determine the actual masses from the mass fraction information. This expression 

is intuitively satisfying because if fragment 1 is detected first (t is positive) it does not 

have as much time to recoil as fragment 2. Therefore the fraction — will need a small 
n 

downward correction, as the factor in the brackets provides. Of course, the situation is 

reversed when fragment 2 arrives at the detector first, but because T, is then negative by 

definition, the formula again provides the proper correction. 

If a priori the identities of the fragment channel(s) produced are unknown, we 

must then examine the photofragment mass spectrum constructed from the data via 

Eqn. (3.35). Because we know the chemical composition in addition to the mass of the 

parent radical, there will be a limited number of mass combinations possible, and fewer 

still that are probable. Generally then, the determination of the identities of the 

photofragments will be straightforward. 

However, mass ratio measurements are relatively imprecise, owing to the above-

mentioned substitution of (x 0, y 0) for the actual location of the center-of-mass of each 

event; subsequently m/Am is on the order of - 20. Occasional) y, therefore, this process 

will be more challenging. At least two methods of distinguishing between possible mass 

combinations may be helpful. Isotopic substitution can be a convenient approach, 

depending on the structure of the parent radical. The use of rfj-nirromethane in producing 
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the CD 2NO 2 ion en route to the photodissociatioa of CD 2 N0 2 is illustrated in § 6 3 . By 

examining the photofragment mass spectrum obtained for CD 2 N0 2 and comparing it to 

that obtained for CH 2 N0 2 , the identities of two dissociation channels becomes 

unambiguous. Additionally, molecules sometimes contain an atom that has significant 

natural abundance at two or more masses (i.e., chlorine, bromine, sulfur, etc.). Since 

relatively high resolution mass selection of the parent radical occurs during the detachment 

process, it would be a trivial matter to study molecules containing each isotope in turn, if 

this would shed light on the identities of the photodissociation products. 

3.2.2 Raw Translational Energy and Recoil Angle Distributions 

As discussed in Chapter 1, the quantities of interest in a photodissociation 

dynamics experiment are the true photofragment center-of-mass translational energy and 

angular distributions. Once again, for a one-photon dissociation the form of the 

photofragment energy and angular distribution IP(ET,Q) can be written as 

P{ETfi) = P(E7)[1 + P(ET)P2(cos 9)] (3.36) 

where 9 is the angle between the photofragment recoil vector and the electric vector of the 

dissociation laser, P2(cos 9) is the second Legendre polynomial, p(£ T) is the (energy-

dependent) anisotropy parameter, and P(.ET) is the angle-integrated kinetic energy 

distribution. 

Eqns. (3.17) and (3.29), originally derived by De Bruijn and Los,3 (with the 

exception of an inconsistent sign convention) are used to obtain the center-of-mass kinetic 

(translational) energy release (ERER or £ T ) and fragment recoil angle 9, measured with 

respect to the electric field vector £ of the laser, for each dissociation event If the time-

and position-sensitive detector were able to detect every dissociation event with equal 

probability, we would at this point be in possession of the actual translational energy and 

recoil angle distributions. However, due to the blocking strip across the center of the 
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detector and die finite radius of the detector face, some (well-defined) geometric 

discrimination occurs, which must be accounted for. 

We begin by constructing die so-called raw translational energy and recoil angle 

distributions. For each product channel, we process a set of data from the dine- and 

position-sensitive detector, consisting of a total of 50,000 to 100,000 events in most 

cases, into a two dimensional energy-angle array i(E T,9). This is done using energy steps 

comparable to the instrument resolution, and theta steps of one degree. Each element of 

this raw data array must then be divided by the relative acceptance of the detector for the 

energy-angle combination under consideration, in order to allow the final determination of 

die true translational energy distribution and energy dependent anisotropy parameters. 

We now consider the determination of the detector acceptance function in some 

detail. 

3.2.3 Normalization: The Detector Acceptance Function 

Two geometric factors prevent the detection of all dissociation events. One factor 

is the presence of a blocking strip across the horizontal axis of the detector. This 

obstruction will always prevent the accumulation of the lowest KER coincidence events 

no matter what the recoil angle, and will block even large KER events if the recoil angle 

with respect to the radical beam axis is small. For example, the minimum kinetic energy 

release that can be detected for two fragments of masses 14 and 28 amu (which is the case 

in N 3 and NCO dissociation) is 0.20 eV (-1600 cm 1 , -4.6 kcal/mol) if 9 = 90°, the 

detector is in the standard location (centered on the beam axis), the beam energy is 8 keV 

and the blocking strip is 8 mm wide. The second factor preventing certain dissociation 

events from being detected is the finite radius of the detector. This limitation will result in 

events which have one or both particles miss the active area of the detector face when 

both die kinetic energy release and/or the recoil angle with respect to the radical beam axis 

are large. Under the same conditions mentioned in the example above, the onset of field-
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of-view cutoff occurs for events with purely transverse recoil (6»W) at 1.15 eV. After 

this point, more energetic dissociation recoils can still be detected, however the polar 

angular acceptance decreases as kinetic energy release becomes larger. 

These characteristics of our ability to measure coincidence events translates into an 

energy and angular (both theta and phi) dependent 'acceptance function' for our detector. 

In order to determine the true photofragment energy and angular distributions from our 

data we must account for the effects of this detector acceptance function. 

Although a Monte Carlo forward convolution approach to this problem is possible, 

a far more straightforward alternative involves the numerical modeling of the energy and 

angular dependence of thr detector acceptance. This provides unbiased center-of-mass 

kinetic energy and angular distributions in a very direct manner, as will now be detailed. 

We define the detector acceptance function J(£T,9) such that: 

0>(£T,9) = A(£T,9)/B(£T,9) (3.37) 

The function .8(£T,9) is the probability of observing a coincidence event with values of 

kinetic energy release and recoil angle of £ T and 9 respectively. While experimentally we 

can vary the polarization of the laser such that the electric field vector £ is perpendicular 

or parallel to the radical beam axis, our default mode of operation is parallel to the radical 

beam axis, since the frequency doubled output of our dissociation laser is horizontally 

polarized. The following discussion will assume that this orientatio.i is in use. 

As discussed in § 1.3.4, the photofragment angular distribution is azimuthally 

symmetric about the electric field vector £ of the dissociation laser. £(ET,Q) must be 

found by determining the range of azimuthal angles over which both fragments strike the 

active area of the detector, expressed as: 

1 2 ! t 

A £ T I 9 ) = —J/>(£T,e,(!>)dQ. (3.38) 
lit o 
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In Eqn. (3.39), £(£r,0,#) is the doubly-differential detector acceptance function which 

gives the probability of detection of a dissociation event with kinetic energy release E T , 

polar recoil angle 6, and azimuthal recoil angle 0. For a point-size radical beam, 

O(£ T >6,0) is either 0 orl (more realistic beam sizes are discussed below). In practice, the 

calculation of£(ET,&) simply involves stepping through the full range of 0 in steps of 

degrees, summing the evaluations of D(£T,9,0), and dividing by 360 to obtain die 

probability of observing dissociation events with a particular kinetic energy release £ T , and 

polar recoil angle 6. This is done for every £ T ,8 combination, using energy and theta step 

sizes identical to those used when binning the raw data. 

The best agreement with Monte Carlo simulations designed to check the accuracy 

of these results is obtained when the size and shape of the radical beam i» taken into 

account in the calculation of the doubly differential acceptance function D(£T,8,$). This is 

accomplished by modeling the beam profile at the detector with a two-dimensional 

Ga-jf 5J»n with a 1 mm full width at half-maximum. The relative intensities of this two-

dimensional Gaussian at each point of a 10x 10 grid are used as coefficients for the overall 

detector acceptance function found for that point. After ail 100 detector acceptance 

function calculation? have been performed, normalized, and summed, a more realistic 

detector acceptance function is produced. With this modification, D(£T,9,<t>) takes on 

values between 0 and 1, representing what fraction of the radical beam profile gives rise to 

coincidences for kinetic energy release £ T and angles 9 and 4>. 

3.2.4 Final Determination of the Angle-Integrated Translational Energy Distribution, 

P(ET), and the Energy Dependent Anisotropy Parameters, P(£T) 

Once J)(ET,6) has been determined, the raw energy anu angular distributions can be 

converted into the (unnormalized) probability distribution 0>(£T,9), using Eqn. (3.37). We 

then factor Pf.E-p.Q) into the angle-integrated translational energy distribution, P(.Ej), and 
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an energy dependent recoil angular distribution, as in Eqn. (3.36). In practice, this entails 

first determining P(£T) values followed by the determination of P(£ T). 

Currently, P(£T) values are obtained for each kinetic energy interval from £ r A £ / 2 

to £;+A£/2 where A£ is an arbitrary, constant energy range large enough to provide good 

statistics for the bulk of the observed range of kinetic energy release. These intervals are 

typically -10-15 times the typical kinetic energy bin size. The anisotropy parameter p for 

the kinetic energy release interval centered at the energy Et is then found via summation of 

the normalized angular distribution data over the angles common to all of the kinetic 

energy bins in the range from £ r A£/2 to £,+A£/2, followed by a simple least squares fit 

to Eqn. (3.36). 

The final step in this direct inversion analysis is to find the angle-integrated 

translational energy distribution P(ET) at the highest energy resolution. The values of 

P(£j-) determined above are used in Eqn. (3.36) while P(ET) is found for energy intervals 

the size of the original bins (i.e., intervals on the order of the instrument resolution). 

An improvement to this method is under development, to be implemented in the 

analysis of the next set of data. It involves using a flexible A£ interval to allow the 

determination of p(£ r ) to have approximately the same uncertainty across the whole 

observed kinetic energy range. In addition, the simultaneous fitting of both P(.Er) and a 

common p(£ r ) for the highest resolution energy intervals within the A£ interval may result 

in a better overall determination of these quantities than the two step process we currently 

employ. 

There are two major sources of uncenainty in the determination of P(ET). One 

source is simply associated with the nature of counting experiments, and is well modeled 

by Poisson statistics. The second arises from the uncenainty in the value we determine for 

P(£ r). This uncenainty, especially when fixed A£ intervals aie used, can be negligible in 

some regions and dominate in others. The P(£ r) uncertainty is especially large at high ET 

where the polar acceptance grows small, thereby lowering both the angular range 
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contributing to the determination of p* and the number of dissociation events detecrd. 

The uncenainty in (K£T) is locally correlated in the energy release spectrum ({$ is not 

expected to randomly jump fiom one energy bin to another), so the uncertainty in {$(£>) is 

not added in quadrature to the statistical error. Instead, the effect of the uncertainty in 

p\£ r ) can be conveyed by using both the upper and lower uncertainty limits of P(£ r) in 

separate determinations of f (£ T), and comparing the results with the translational energy 

distribution found using the best-fit values. 

Overall, the strengths of coincidence detection and direct inversion of the data are 

multiple. First, branching ratios between product channels (if applicable) are given by 

comparison of the integrated area under the angle integrated translational energy 

distribution for each channel. Second, we obtain the explicit energy dependence of the 

anisotropy parameter from our experiment, unlike most other photodissociation studies. 

Finally, determination of the angle-integrated translational energy distribution and the 

energy-dependent anisotropy parameter is through direct inversion of the data, avoiding an 

iterative and time-consuming forward convolution process. 
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Chapter 4 

Photodissodation Studies of 0 2 and N 3: Examples of FRBM Capabilities 

Our photodissociation studies of the two systems, 0 2 and N 3 , are good illustrations 

of the capabilities of the Fast Radical Beam Machine. Both species have predissociadve 

excited states, resulting in a structured total photodissociation cross section. The 

simplicity of 0 2 allows its dissociation to be used as a calibrant and a measure of the 

ultimate resolution of the detector. On the other hand, N 3 is in many ways an ideal 

polyatomic radical system for investigation using this apparatus, and was chosen as the 

first radical to be studied using time- and position-sensitive detection. In the following 

four subsections the total photodissociation cross section experiments followed by the 

dissociation dynamics experiments for each of 0 2 and N 3 are briefly summarized, with the 

emphasis on experimental results. A full account of both the 0 2 ' and N 3

2 work is given 

elsewhere. 

4.1 Photodissociation Cross Sections in the B 3I~(v' )*-X 32J(v") 

Schumann-Runge Bands of O, 

Total photodissociation cross sections of 0 2 were originally obtained in limited 

spectral regions with the sole expectation of using the predissociation of the Schumann-

Runge bands as an ideal means to calibrate (and determine the resolution of) the time- and 

position-sensitive detector, in a complementary manner to the calibration technique 

discussed in § 2.6.6.5. (A description of the calibration technique involving 0 2 

dissociation is included in the following section.) Fortunately, a relatively high kinetic 

energy release resolution was realized in the time- and position-sensitive experiments, and 

our important but narrow reasons for stuping 0 2 dissociation became expanded. This 

development prompted the measurement of the photodissociation cross section for all of 

theO, B3Z~ state vibrational levels possible using our apparatus, from v'=Oto v '=ll . J 
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Here, however, only the photodissociation cross section spectrum of the B 3 £ ; (v'=7)«-

X 3 1J (v"= 4) band is discussed as a representative example. 

The experimental conditions for 0 2 photodissociation experiments are now briefly 

summarized. Neat 0 2 at a stagnation pressure of 20 PSIG was used to form 0 2 using the 

electron beam-pulsed free jet expansion source. By operating the detachment laser at 480 

nm (2.58 eV), we photodetached the electrons well above the 0.45 eV threshold for this 

process. Vibrationally excited 0 2 X 3XJ as well as 0 2 a lAg are formed at this detachment 

wavelength, with the vibrational state distributions governed by the Franck-Condon 
factors between the 0 2 X 2Tlt anion and the respective neutral states. As explained in 

§ 1.4, we normally find it advantageous to avoid vibrational excitation of the radical by 

detaching near threshold. However, as the potential energy curves sketched in Figure 4.1 

show, in studies of the Schumann-Runge B3£~(v')<-.X3£~(v") bands, vibrational 

excitation in the ground electronic state of 0 2 is an advantage as it allows subsequent 

excitation to the lower vibrational levels of the B *Z~U state. In contrast, these lower 

vibrational levels of the B 3 I~ state have vanishing Franck-Condon factors from the 

ground vibrational level of the X 3SJ state owing to the significant extension of 

equilibrium interatomic distance in the excited state. 

Originally, O, total photodissociation cross section scans were undertaken using 

the detector primarily designated for that purpose, described in § 2.7.5. The total 

photodissociation cross section spectrum presented in Figure 4.2, however, was obtained 

using the TPS detector, after linking together the wedge, strip and zigzag output, and 

measuring only total photofragment flux. Figure 4.2 shows a total cross section spectrum 

Figure 4.1 Schematic of the 0 2 potential energy curves relevant to the study of 
predissociation following excitation of the Schumann-Runge 
B 3S;(v )<-Jf3IJ(v") bands. 

Figure 4.2 The total photodissociation cross section of O, (0.0025 nm steps, corrected to 
vacuum wavelengths) in the region of the v'=7«-v"=4 band. 
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in the region of the v'=7<-v"=4 band along with a simulation dm assumes a Botarrann 

temperature jf 50 K (offset for clarity). The photofragmem signal intensity is normalized 

by detached electron signal and dissociation laser power. This spectrum contains die sum 

of signal from only 200 laser shots per point. Nc te that while (partial) rotational 

resolution is achieved, the natural linewidth is quite large for many of these transitions, 

obscuring spin-rotation fine structure. The vibrational bands within the B 3 2~«-X 3Z~ 

electronic transition are degraded to the red quite strongly, widi the band-head occurring 

at the origin in most cases, and the v'=7«-v"=4 transition is no exception. The rotational 

transitions are labeled above the appropriate peaks. 

Although there is essentially no new spectroscopic information in this spectrum as 

the ground and excited levels involved have been thoroughly characterized in the past,3 

tfiese total photodissociation cross section studies were still important for a number of 

reasons. As a test system for the experimental apparatus 02 is quite convenient, both 

because of the ease of producing OJ and also because the Schumann-Runge bands 

predissociate, resulting in a structured total photodissociation cross section. However, the 

major purpose of investigating the total photodissociation cross section of 0 2 became the 

mapping out of transitions to vibrational levels of the excited B 3 2~ state from v' = 0 to 

v' = 11. Once this was completed, we could calibrate our time- and position-sensitive 

detector and then use it to further study the dissociation dynamics of the Schumann-Runge 

bands. 

4.2 TPS Detection of 0 2 Dissociation: 

Resolving Correlated Spin-Orbit States of the O 3PJt + O *Ph Products 

Because the products of 0 2 dissociation are atoms they can possess no internal 

energy in the form of vibrational or rotational motion. Initially neglecting the relatively 

small spin-orbit splitting in the Vj ground state of the oxygen atoms <?Pa is 28 meV, while 
sPl is 19 meV above the ground state 3/> 2)' * e kinetic energy release should resemble a 
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delta function. With reference to Figure 4.1, the recoil energy will be approximately 

I.S eV, equal to the difference in energy between the 8 3Z~ state ro-vibrarional level and 

the O OP) + O OP) product asymptote. The utility of mis system as a calibrant stems 

from the fact that if many 0 2 dissociation events are detected, the distribution of recoil 

angles will ensure that all regions of the detector face will receive coincidence fragments 

having recoil vectors with identical magnitudes. If the coefficients in the position 

algorithm are accurate across the whole detector face, and the electronics are calibrated 

correctly, then the translational energy distribution calculated from the measured positions 

and differences in rime of flight will be the expected narrow delta function, centered at the 

proper recoil energy. In this way, the width of the observed translational energy 

distribution becomes a measure of the calibration of the equipment and algorithms 

involved in time- and position-sensing and, ultimately, a measure of the resolution. 

This approach allows us to collect a large body of 0 2 dissociation data and use it 

to find the best fitting empirical factors in the position algorithm via a least-squares 

routine. A compromise exists between using a sufficient number of parameters in the 

fitting expression and having a tractable fitting problem. The least-squares fit is typically 

prevented from achieving below -30 meV resolution over the entire detector face due to 

the necessity of neglecting higher order empirical corrections. 

However, with 0 2 dissociation data the fit is locally quite good. If the detector 

face is divided up into 1 mm x 1 mm squares, a resolution of <10 meV is found for most 

squares with sufficient signal for good counting statistics. In the central portions of the 

upper and lower halves of the detector areas as large as 4 mm (in the y dimension) 

x g mm (in the x dimension) can exhibit this high resolution using one set of factors. 

The use of this piece-wise high resolution can allow us to obtain 10 meV 

resolution over most of the detector face, in the following way. Best-fit factors are found 

for the position equations using all but the edges of the detector face, where we find the 

non'inearities are too severe. The detector face is then divided up into 1 mm x 1 mm 
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squares. When the translation*] erierjy distributions are determined for each individual 

area, a correction can be applied to shift the mean kinetic energy release for each area to 

match the mean found with the best-fit factors applied to all regions. The translational 

energy distributions for all of the smaller regions can then be summed and the resulting 

resolution will be -10 meV over the bulk of the detector face. 

It should be mentioned, however, that this particular method of improving the 

overall resolution was most effective prior to recent modifications in the detector body 

design. Although our uncorrected resolution is now higher than before these 

modifications, this method presently results in less of an improvement in overall 

resolution. It is thought that perhaps the reason for the larger prior success was that it 

corrected primarily the same distortions ameliorated by the detector body modifications. 

The principal improvements in the detector body concerned reducing "edge effects", 

which are generally ascribed to inhomogeneities in the electric field near the edge of the 

detector body. These imperfections cause the acceleration of the electron cloud towards 

the anode to be skewed. This reason for this recent loss in efficiency will have to be 

investigated and confirmed, however, because it may indicate a change in importance 

among various resolution-degrading mechanisms, which should be addressed. 

When examining 0 2 dissociation data, and when the number of coincidence events 

permits, the highest resolution is obtained by selecting the region of the detector face 

where the position algorithm gives the best results; typically in the center of each half. 

Once resolution on the order of 10 meV is achieved, however, the spin-orbit 

interaction that slightly splits the ground electronic state of the O atoms can no longer be 

neglected. Therefore we might expect to observe slighdy different kinetic energy releases 

depending on the specific spin-orbit states formed by the two O atom products. As one 

example, careful measurement of the kinetic energy release distribution of the correlated O 

atoms following vxcitation to v'=7 in the B 3t~ upper state allows the kinetic energy 

release corresponding to the correlated spin-orbit product states to be resolved, as shown 
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in Figure 4.3. Subsequent to this achievement, the correlated spin-orbit product sate 

distributions of all of the 5 3 £~ upper state vibrational levels from v" = 0 to v' = 11 have 

been determined.'*> 

Predissociation from the Schumann-Runge B 3 £;(v')«-.X 3X~(v") bands involves 

interaction of the B 3Z~ state with one of the four dissociative excited states of allowed 

symmetry known to intersect it, as shown in Figure 4.1. The pair of O atoms will 

correlate to one of the five symmetry- and parity-allowed correlated (jo) spin-orbit energy 

asymptotes (the sixth possible combination of atomic limits, the (0,0) limit, is rigorously 

forbidden as it must correlate to a gerade molecular state). Relative populations of these 

correlated spin orbit states have never been determined before.4 The systematic 

investigation of these distributions over the range of vibrational levels in the B 3 2 ~ upper 

state will help unravel the nature of the dissociative state(s) primarily responsible for the 

dissociation (i.e. which dissociative state(s) initially couple most strongly to the B 3 £~ 

state) as well as the subsequent interactions between various dissociative states as the 

interatomic distance grows. 

Figure 4.4 shows the angular distribution of recoil vectors found in this 

experiment Analysis of this angular distribution gives an anisotropy parameter P of 0.76 

± 0.03. While it is possible that this value is affected by residual saturation or power 

broadening, it is quite reproducible. An anisotropy parameter of 0.76 is also consistent 

Figure 4.3 The translational energy release distribution P{E7) resulting from the 
predissociation of 0 2 B 3 2 ~ (v'=7). The circles represent experimental data, 

and the solid line represents the results of a fit to these data. Every fourth 
point has an error bar, representing the lo" uncertainty. The sticks denote the 
positions and intensities of the individual (ji J2) limits as deduced from the fit 

Figure 4.4 The photofragment angular distribution P(fl). Also shown is the least squares 
fit to the experimental data, which yielded an anisotropy parameter of 
P = 0.76 ±0.03. 
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widi die observed 2 cm 4 natural linewiddi for die v'*7 level of die B 3 I £ s o * , since bodi 

measures imply a - 3 ps lifetime for die excited state. The rotation which occurs in this 

time (prior to dissociation) results in a reduction of the anisotropy parameter from die 

limiting value of +2 for a parallel transition (recall § 1.3.4). 

43 Total Photodissociation Cross Sections of the N 3 Free Radical 

The N 3 radical is, for our experiment, die prototypical polyatomic radical. The 

precursor anion, N 3 , is easily made via dissociative attachment to benzyl azide 

( Q H J C E J N J ) . The detachment of this ion is discussed in § 1.4.2 as an example of a 

system where little geometry change occurs, resulting in Av=0 transitions from die ion to 

die neutral. This in turn relaxes our detachment photon energy restrictions; we can thus 

detach using any convenient wavelength above threshold, which maximizes our 

detachment efficiency. 

A diagram showing die energetics of the various N 3 electronic states in addition to 

dissociation product energy levels is shown in Figure 4.5. The N 3 radical was first studied 

spsctroscopically in a series of flash photolysis absorption experiments.5'6 These 

rotationally-resolved absorption studies identified the main absorption features at -272 nm 

as arising from the B 2 I * « - X 2Xlg transition. They also showed that N 3 is a linear 

centrosymmetric molecule with litde change in bond length on undergoing the B <—X 

transition. Because the ground electronic state is degenerate and the geometry is linear, 

transitions originating from N 3 X (v 2=l) exhibit the expected Renner-Teller effect.7-8 For 

our experiment, the relevant observation from these previous studies was the presence of 

diffuse bands reported at slightly shorter wavelength than the main B <— X transitions. 

This strongly suggests predissociation is occurring from die upper states involved in diese 

diffuse transitions. These bands were tentatively assigned to a 2 n < - 2 n electronic 

Figure 4.5 The energetics of me N 3 system. 
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transition expected to be in this region. 

The major motivation for obtaining the total photodissociation cross section of the 

N 3 radical was to once again map out and determine the extent of predissociation in these 

excited state(s). As will be shown below, the N 3 radical predissociates throughout the 

absorption bands due to the main Bt-X transitions in addition to the bands found at 

slightly higher energy. 

N 2 or He at a pressure of 10 PSIG was bubbled through room tempciature benzyl 

azide (Alfa) and this mixture was used to form NJ in the electron beam/pulsed free jet 

expansion source. A repetition rate of 50 Hz and a beam energy of 8 kV was used. The 

detachment excimer-pumped dye laser was operated at either 343 nm (3.62 eV) or 386 nm 

(3.21 eV), the peak of the dye curve intensity of PTP and BBQ (Exciton) respectively. 

This allowed the photodetachment of N 3 well above the 2.68 eV threshold for this 

process. The frequency-doubled dissociation laser light had a 0.4 or 0.08 cm-1 bandwidth 

depending on whether an intracavity etalon was used, and was attenuated from - 2 

mJ/puIse to 20-50 jij/pulse to minimize power broadening in the rotationally resolved 

high-resolution spectra. Typically 300-500 laser shots per point were acquired and 

summed for total photodissociation cross section spectra. All other details are as 

described in § 2.7.5. 

The low resolution survey scan of the N 3 predissociation spectrum is shown in 

Figure 4.6. The peaks are labeled according to the vibronic symmetries of the states 

involved. The two main peaks originate from the spin-orbit split X 2Tlt ground state to 

the excited B 2 Z* state. Also labeled are sequence bands involving one quantum of bend 

excitation (and thus vibrational angular momentum) in both the ground and excited states. 

At first glance the vibrational distribution does appears not to be as cold as might be 

Figure 4.6 Low resolution survey scan (0.05 nrn steps, corrected to vacuum 
wavelengths) of N 3 photodissociation cross section. Transitions are labeled 
according to the vibronic symmetry of the states involved. 
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expected. However, as will become apparent below, dynamical effects probably result in a 

greater quantum yield for dissociation from bend-excited upper state levels. In addition, 

no correction to the spectra for a possible variation in the branching ratios to die different 

N atom electronic states was made. A much larger fraction of those events which proceed 

to form the ground state (but spin-forbidden) N (45) atom channel will release enough 

kinetic energy so that the N atom recoils out past the detector than will the lowest energy 

spin-allowed N (?D) atom channel. This will have an effect on the apparent 

photodissociation cross section intensity if the branching ratios to the different product 

channels vary with excited state vibrational level. 

The exact nature of the bands below 270.5 nm remains unidentified. Whereas in 

the past there was some uncertainty due to the presence of other possible signal carriers, 

the mass selection feature of this experiment means they are now at least firmly associated 

with the N 3 radical. 

The high resolution spectrum of the B 22*(~X 2UV2 sub-band is shown in Figure 

4.7, accompanied by a simulation of the spectrum. The simulation was constructed using 

the 2Z<- 2IT transition strengths for a diatomic molecule 9 1 0 and the ground and excited 

state constants of Douglas and Jones.6 The peak intensities show the characteristic 2:1 

nuclear spin statistics expected for N 3. The spectrum is well-characterized by a 

Boltzmann temperature of 50 K, confirming that rotational cooling is achieved in our 

source. The slightly diminished intensity of the middle portion of the spectrum relative to 

the simulation is likely the signature of residual saturation, although dynamical effects 

cannot be ruled out. Linewidths are instrument limited to 0.11 cm-', with the laser 

Figure 4.7 Upper panel: High resolution etalon scan (0.0002 nm steps, corrected to 
vacuum wavelengths) of the 2 X * « - 2 n 3 / 2 sub-band origin. Rotational 

branches are labeled using combs. 
Lower panel: Simulation of the spectrum using an assumed rotational 
temperature of 50 K. 
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bandwidth and Doppler broadening making the largest contributions to this value. 

Once again, the primary result of the total photodissociation cross section studies 

of N 3 is sot the spectroscopy, which was known at least as well from absorption studies, 

but rather the fact that predissociation occurs throughout the first electronic absorption 

band. This system is also a good test of the ultimate resolution of the apparatus for total 

photodissociation cross section experiments, because of the relatively narrow rotational 

linewidths. Armed with knowledge of the total photodissociation cross sections, it is 

possible to perform a detailed study of the translational energy and recoil angle 

distributions to determine the product electronic and vibrational branching ratios as a 

function of B 2 £ * state vibrational excitation. This is the subject of the following section. 

4.4 TPS Detection of N 3 Radical Dissociation: 

'Mode Specific' Effects in the N Atom Electronic State Branching Ratio 

The dissociation dynamics of the B 2 £ * state of N 3 were then investigated using 

fast radical beam photodissociation coupled widi the time- and position-sensitive detecnon 

technique described in previous chapters. Detailed photofragment kinetic energy and 

angular distributions were obtained after excitation to both the (v,,v2,v3) = (000) and 

(010) vibrational levels of *he B state. The branching ratio to the various N atom product 

channels varied quite strongly depending if one quantum of bend excitation was present in 

the upper state. 

As was shown in the previous section, the N 3 radical undergoes predissociation 

following excitation to all accessible levels of the B 2 2£ state. At the excitation energies 

required to access the B 2 £ * state three different N atom electronic states can be 

produced in conjunction with ground electronic state N, (the first electronic excited state 

of N ; is inaccessible at these energies). Motivation for this detailed study of the ^sposal 

of energy in the photodissociation products of the N 3 radical was threefold. First, it is of 

interest to determine the importance of the lowest energy, but spin-forbidden, N(4S) + N 2 
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channel. Second, a comparison of dissociation product channel branching ratios 

depending on whether one quantum of vibration is present in the upper state may 

illuminate any dynamical effects as dissociation progresses. Finally, as explained in 

§ 1.3.2, this technique results in a very direct measure of the bond dissociation energy 

from which an accurate heat of formation for the N 3 radical can be calculated. 

Figure 4.8 presents the translational energy distribution of the photofragments 

formed upon excitation to the (000) level of the B state, while Figure 4.9 presents the 

translational energy distribution of the photofragments formed upon excitation to the 

(010) ievel of the B state, both figures are labeled according to the best fit for the origins 

of the various electronic and vibrational levels. Both distributions share certain 

characteristics. The translational energy distributions extend out to much higher kinetic 

energy release than possibl" for the spin-allowed channels, indicating the presence of spin-

forbidden products. The most intense portion of both distributions is within the lower 

vibrational levels of the first spin-allowed N(2£>) + N 2 channel. Both distributions indicate 

inverted and/or long vibrational distributions and oeak rotational intensities well away 

from the vibrational origins. The most striking difference between the two translational 

energy distributions is the drastic change in the N atom (2D):(45) branching ratio. 

The anisotropy parameter that describes the photofragment recoil angular 

distributions following excitation to each of the (000) and (010) vibrational levels in the B 

Figure 4.8 Center-of-mass translational energy distribution P(ET) obtained following 
excitation to the (000) level of the B 2 S * state. 

Figure 4.9 Ctnter-of-mass translational energy distribution P(ET) obtained following 
excitation to the (010) level of rhe B 2X* state. 

Figure 4.10 The anisotropy parameter p(£ T) for N 3 . The solid line with the diamonds 
shows the results for the (000) band while the dashed line with circles shows 
the (010) results. Error bars are la . Vertical dashed arrows indicate the 
energetic thresholds of the channels involving -D and 2P N atoms from the 
000 level of the B 2 2£ state. 
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s u e is plotted is a function of kinetic enerjy release in Figure 4.10. A chanfe in the 

value of p can be observed if a comparison is made of the regions where each N atom 

electronic state dominates the translational energy distribution. 

The conclusions which can be drawn about the dissociation of N 3 from dtese 

results are many. Briefly, it is immediately apparent from Figures 4.8 and 4.9 that N 3 

dissociates to both spin-allowed and spin-forbidden products, despite the fact that at all 

times two spin-allowed channels are energetically accessible. As will be seen in Chapter 5, 

this is in contrast to the behavior of the NCO radical which dissociates predominantly to 

spin-allowed products once above die energetic threshold for their formation. There is, 

however, a dramatic change in the N atom p-D):{*S) branching ratio widi the addition of 

one quantum of bending excitation in the upper state. This, coupled with the high 

rotational excitation of the N 2 products (J p a k =32) required to simulate die observed 

translational energy distributions, is strong evidence for the participation of bent 

geometries in the dissociation from the B state. The values of the energy dependent 

anisotropy parameter are also largely consistent with a bent geometry during dissociation, 

particularly in the channel producing N (2D) atoms where p" becomes positive. For a 

perpendicular transition such as the B 2X*<-X 2 n excitation studied here, a purely axial 

recoil would result in a negative anisotropy parameter. 

The thermochemistry of N 3 is determined in a very direct way by these 

experiments, independently confirming that the radical is 0.05 kcal/mol endoergic with 

respect to N(45) + N 2, as reflected by the labels on Figure 4.5. This value is in good 

agreement with that determined by Brauman and co-workers after performing proton 

affinity studies" of NJ and electron affinity studies 1 2 ' 1 3 of N 3. 
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Chapters 

PfcotodisMriation of the NCO Radical 

5.1 Introduction 

During the past ten to 15 years, a wide variety of state-selected methods have been 

developed to study the photodissociation of stable, closed-shell molecules.1 Ideally, these 

experiments enable one to map out the dissociative electronic states in the molecule, find 

the energy needed to break the dissociating chemical bond, and determine in detail the 

interactions between the departing photofragments. It is clearly of interest to extend the 

methods of photodissociation to the study of reactive open-shell radicals. At present, 

however, even the bond dissociation e Ties, let alone the detailed interactions among the 

excited electronic states, are poorly characterized in many of these species. Thus far, 

successful photodissociation experiments have been performed on on y a handful of 

reactive free radicals,2'3-4 largely because of the experimental difficulties involved in 

preparing these species free of contaminants and in reasonably well-defined qiantum 

states. Recently, we have demonstrated that these problems can be overcome by 

preparing the radical of interest via photodetachment of a mass-selected negative ion 

beam.5 This paper describes the application of this method to the photodissociation of the 

NCO radical. 

The NCO radical has attracted considerable interest over the years both for its role 

in combustion chemistry and because of its spectroscopic complexity. NCO is believed to 

be an intermediate in the combustion of nitrogen containing compounds.6 It has been 

observed in CH 4 /N 2 0 flames7 and is known to be the primary product of the CN + 0 2 

reaction.8 The spectroscopy of the ground and excited states of NCO is aisu of interest. 

The electronic transitions from the ground X 2U state to the low-lying A 2Z* and B ZY\ 

excited states were first observed in 19589 and analyzed in detail by Dixon 1 0 '" in 1960; 
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Dixon's work on the A 2I**-X *Ti system was followed by several optical absorption31-13 

and laser-induced fluojsscence7*-7c-"J5JW7 studies. The electronic ground state has been 

investigated using infrared,12 electron paramagnetic resonance,1* microwave" and far 

infrared laser magnenc resonance30 spectroscopy. The detailed characterization of the 

NCO ground state and the A 2I*«—X 2TI transition has in rum led to a better 

understanding of the CN +• 0 2 reaction; several groups have measured vibrational, 

rotational, and fine structure distributions of NCO produced by this reaction using laser-

induced fluorescence of the A 2£*<— X 2 n transition.21 

The results presented here provide new insight into the B ^Th-X 2 n 

system of NCO which, in contrast to the A 2X*<-X 2 n system, remains largely 

unassigned. This is due to Renner-Teller and Fermi resonance interactions within the 

B 2 n state, as well as extensive perturbations of this state by the nearby lower-lying A 2E* 

state and predissociation to N + CO. In fact, one of the key unresolved issues with 

respect to the B 2TL state, and certainly the one which motivated the current study, is the 

identification of the onset of predissociation from the B 2TI state and the characterization 

of the dissociation products. Dixon'' originally observed spectral broadening beginning at 

the transition to the v, =2,v2=0,v3=0, or (200), level ^t 33,700 cm-1. This broadening was 

attributed to predissociation resulting in the spin-allowed N(2D) + CO products, thereby 

giving an upper bound of 40 kcal/mol for D0(N-CO), the bond dissociation energy of 

NCO to form ground state (but spin-forbidden) N(4S) + CO products. The corresponding 

heat of formation is AfH°9a K (NCO) = 45 kcal/mol. [D0(N-CO) = 85.3 kcal/mol 

[=A ///° 9 8 I C(N T) J . AfH2nK(.CO)] - A / / /2 9 8 K (NCO), see Discussion.] In a subsequent 

vacuum ultraviolet photolysis study of HNCO in which the threshold for production of the 

NCO A 2Z> state was measured, Okabe 2 2 determined &fH%)% K (NCO) to be 37 kcal/mol. 

This implies that predissociation to N(2£>) + CO can occur only above the (400) level of 
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the 8 *n sale. Oicabe's value for A / / /£ i K (N'CO) is consisrw with dot obtained by 

Coombe^inarccentstudyofNCOphotodissociarionit 193 ran. CrosJey23 found that the 

fluorescence lifetirne of die 5 2II state was dramatically shorter for the (100) vibrational 

level {£ 10 ns) than for die (000) level (63 ns). This was interpreted to mean that the spin-

allowed N(2£>) + CO threshold occurs between the (000) and (100) levels of the B -XI 

state, yielding D0(N-CO) S 39 kcal/mol and A,/ /? , , K (NCO) 2 48 keaVraoL 

The observation that the CN + 0 2 -» NCO + O reaction occurs with'no 

appreciable activation barrier24 means that &fH°9S K(NCO) S 44 kcal/mol, and this, in 

conjunction with the considerable NCO bending excitation produced by the CN + 0 2 

reaction 2 1 1" lends suppon to Okabe's value for A / Z / ^ U K ^ C O ) . However, the extraction 

of A .̂r/298 K (NCO) from his measurement uses the heat of formation of HNCO, and Uiis in 

rum requires an accurate value for A^Z/^s K (NH). for which the spread in recendy 

reported values is several kcal/mol. The most recent determination of &.fH%s K(HNCO) 

by Chandler,25 when combined with Okabe's work, yields a revised value of 36.1 kcal/mol 

for Ajr/^gxfNCO); this is the currently accepted literature value.2 6 However, an 

independent determination of &/H$n K (NCO) from a direct measurement of the N CO 

bond dissociation energy is desirable; an accurate value is vital in modeling reaction 

schemes involving the NCO radical. In addition, one would like to understand the origin 

of the widely disparate values discussed above. 

The NCO photodissociation study reported here addresses all of these issues. We 

have investigated the B 2Tl<-X 2U electronic transition between 316 and 234 nm. The 

salient results are as follows. We show unambiguously that all of the vibrational levels of 

the NCO B 2 n state dissociate. In addition, translational energy measurements on the 

photofragments show that the spin-allowed N(2D) + CO channel is accessible only for 

vibrational levels higher than the (600) level in the B 2 n state (greater than 20.3 kcal/mol 

above the electronic origin), while the lower vibrational level: undergo predissociation to 
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the spin-ftxfcidden N(*5) + 0 0 channel We believe that it is this spin-forbidden 

dissociation which led to die bijh values of A/tfjM % (NOO) inferred by Dixon" and 

Crosley.25 Fmally, our photofhtgmem kinetic energy release measurements near die 

NpD) + CO threshold yield a value of 30.5 +1 kcal/mol for A 7 t f £ , K(NCO). 

S2 Experimental Approach 

Our experiments are based on the idea that, since free radicals typically have 

positive electron affinities, one can generate a very clean source of radicals by laser 

photodetachment of a mass-selected beam of the precursor negative ion. The resulting 

radical beam is then dissociated with a second laser. Since the initial kinetic energy of the 

ion beam is 8 keV, the fragments resulting from photodissociation of the radical have high 

kinetic energies in die laboratory frame of reference and can be directly detected with high 

(-50%) efficiency using a microchannel plate detector. The overall experiment in the case 

of NCO photodissociation is 

NCO' *"' >NCO+<r ^ >N+CO. 

The higher energy O + CN channel is not accessible at the dissociation wavelengths used 

in this study. 

Two types of experiments can be performed. In phot* dissociation cross section 

measurements, we determine the total photofragment signal as, a function of hv 2 and 

thereby map out the dissociative electronic transitions of the NCO radical. In the case of 

the B 2n«— X 2 n transition in NCO, one expects a highly structured spectrum since the 

B 2 n state undergoes pred:;;ociation rather than direct dissociation. Alternatively, at 

fixed hv2, we can measure the photofragmem time-of-flight (TOF) distribution at the 
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detector and determine the maximum kinetic energy release arrf(rore approximately) the 

translarional energy distribution of the fragments. 

The fast radical beam photodissociatkm spectrometer used in mis work is shown in 

Figure 2.1. The operation of this instrument is described in detail in Chapter 2, so 

consequently only the most pertinent features will be reviewed here as die details unique 

to the study of NCO are presented. 

Negative ions are generated using the pulsed molecular beam/electron gun source 

developed by Lineberger and coworkers27 and used in several of our other 

investigations.28 To make NCO". neon (10 psig) is bubbled through benzyl isocyanate 

[Pfaltz & Bauer] at room temperature and the resulting gas mixture is expanded through a 

piezoelectric pulsed molecular beam valve2 9 operating at a 50 Hz repetition rate. A 1 keV 

electron beam intersects the free jet expansion downstream of the valve orifice, forming 

NCO" by dissociative attachment of an electron to the benzyl isocyanate. (A similar 

scheme was first used by Illenberger et al. to generate NJ from benzyl azide.30) Since die 

anions are formed in the continuum flow region of the free jet expansion, they experience 

significant vibrational and rotational cooling. 

The ions pass through a skimmer and are accelerated to 8 keV. They then pass 

through a pulsed high voltage switch31 which enables us to run an 8 keV ion beam through 

the instrument while maintaining the source and detector regions at ground potential. The 

ions are then mass-selected using a coaxial, beam-modulation TOF mass spectrometer;32 

this design induces a negligible kinetic energy spread in the ion beam, an important and 

desirable feature for the phorofragment TOF measurements described below. 

The ion beam passes through a 1 mm diameter aperture into the photodetachment 

region. Here, the ions are crossed by an excimer-pumped dye laser beam (Lambda Physik 

LPX 210i and FL3002, PTP dye from Exciton) timed to intercept only the ion mass of 

interest and operating at 339 nm (nearly the peak of the PTP dye curve). The 
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photodetachment wavelength is chosen to allow production of only the ground vibrational 

state of the neutral free radical, as discussed in § 1.4.2. The photoelectron spectrum3' of 

NCO" indicates that at 339 nm, no excited vibrational states of the neutral free radical will 

be formed from the ground vibrational state of die ion, so the vibrational distribution 

attained during the supersonic expansion is preserved. Photodetached electrons are 

collected and detected using a microchannel plate (MCP) detector; the resulting signal is 

stored for subsequent normalization of the photodissociation spectrum. Any undetachei 

anions are deflected out of the beam, leaving a mass-selected, fast beam of neutral free 

radicals. These pass dirough another 1 mm collimating aperture and enter the 

phctodissociation and detection region. 

In this region, the radicals are crossed with the laser beam from a second excimer-

pumped dye laser system, the output of which is doubled using the appropriate doubling 

crystal. The dyes used to cover the broad range of dissociation wavelengths (from 632 to 

468 nm in the fundamental wavelength) were R640, R6G, R610, R590, C540A, C503 and 

C480 (Exciton). Laser pulse energies were typically 1-2 mj after frequency-doubling, and 

the linewidth of the doubled light was 0.4 cm - 1. This is what determines the resolution of 

our spectra; the Doppler broadening in our experiment is only 0.02 cm' 1. Depending on 

the arrangement of right angle prisms used to direct the laser beam into the spectrometer, 

the laser polarization direction could be made either parallel or perpendicular to the radicl 

beam axis. 

The resulting photofragments are detected by a 40 mm diameter MCP which can 

be placed either 67.8 or 101.1 cm downstream of the photodissociation region. Any 

neutrals that strike this detector have sufficient laboratory kinetic energy to be detected 

witii high efficiency. The center of this detector is shielded by a 3.0 mm wide beam block 

to prevent undissociated NCO radicals from impinging on the detector face, while the 
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N + CO fragments typically have enough center-of-mass translation!) energy to miss the 

beam block but not so much energy that they miss the detector entirely. 

In photodissociation cr oss section measuiements, the photofragment yield is determined as 

a function of the dissociation dye laser wavelength. At each wavelength, the MCP signal 

is measured with an analog-to-digital convener interfaced to a microcomputer. A step 

size of 0.02 am, widi 500-1000 shots per point is typically used to gather a survey scan, 

which provides sufficient resolution for the observation of rotational contours of NCO 

bands. Where strong photodissociation signal is observed, scans were taken with a step 

size of 0.001 nm and a laser pulse energy of 100 JJJ to minimize power broadening. 

In photofragment TOF experiments, the photodissociation laser wavelength is 

fixed while the photofragment MCP signal is collected and summed over 1-4 x 104 laser 

shots by a 200 MHz LeCroy transient digitizer interfaced to a microcomputer. TOF 

spectra were taken with both parallel and perpendicular laser polarization orientations at 

several wavelengths in order to determine the photofragment energy and angular 

distribution. For comparison, TOF spectra of the undissociated parent radical were 

obtained by blocking ihe dissociation laser and translating the MCP detector so that the 

radical beam missed the beam block and hit the detector. 

5.3 Results 

Figure 5.1 shows the compilation of our photodissociation cross section 

measurements (0.02 nm step size) on the B : n*-X 2 n system over a total range of 

82 nm, from'316 to 234 nm. These measurements cover a wider wavelength range than 

Figure 5.1 Compilation of survey scans (0.02 nm step size) of the NCO B 2Tl<r-X 2U 
photodissociation cross section. Progressions in the V[ vibration and the v3 

vibration are indicated. The spectrum jhows that the lowest levels of the 
Z •TI state undergo predissociation. Asterisks (*) illustrate dissociation 
wavelengths where TOF data presented below were obtained. 
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Dixon's original work1' and are at higher resolution than the matrix isolation spectra of 

Milligan and Jacox.12 Preliminary scans, at a lower resolution than figure 5.1, across the 

entire wavelength range enabled us to concentrate further scans in the regions where 

predissociation signal was observed. Therefore, the apparent gaps in our survey spectrum 

are regions that were found not to contain peaks of significant intensity. The intensity of 

the signal presented here is not normalized to laser power, since at the laser fluence 

customarily used for these survey scans (100-200 mJ/cm2) the transitions couid have been 

saturated. 

To the extent that the spectrum in Figure 5.1 can be assigned, it appears to consist 

of progressions in the v, and v 3 vibrational modes of the B 2 n state with fundamental 

frequencies of approximately 1047 cm-1 and 2303 crrr1, respectively. (These values were 

obtained in Dixon's study.'>) The assignments for the location of the various (v, 0v 3) 

vibrational levels of the B 2Ti state are indicated in Figure 5.1. An enlargement of the 

spectral region in Figure 5.1 containing the (100)<—(000) band is shown in Figure 5.2. 

Figure 5.3 shows a higher resolution scan (laser step size = 0.001 nm) of the sub-bands 

labeled (d) and (e) in Figure 5.2; the more intense sub-band (d) is the main 2UiK-2U3n 

transition, which was one of the two sub-bands analyzed by Dixon in his original work on 

this system. Line width:; in Figure 5.3 are instrument limited to = 0.4 enr 1 FWHM, 

corresponding to the laser resolution. 

Figure 5.2 Survey scan in the region of the B 2T1 (100)<-£ 2U (000) band. Labels a) 
through f) indicate individual sub-bands; b) and d) are the previously assigned 
(ref. 11) 2 n , c < - 2 n w and 2 n 3 / 2 « - 2 n 3 / 2 sub-bands, while the other peaks have 
been tentatively assigned here as (020)<-(000) sub-bands: a) j i - 2 n l f l < - 2 n l t t , 
c) n . - 2 n 3 n * - 2 n 3 n , e) K- 2 r i i C <- 2 n i f l . and f) K- 2 n 3 / 2 <- 2 n 3 / 2 . These transitions 
are shown schematically in Figure 5.6. 

Figure S.3 Finer scan (O.OOlnm step size) of sub-bands d) and e) in Figure 5.2. See 
Figure 5.6 for assignments. The P. Q and R branches in the two sub-bands 
are labeled. 
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Since we observe signal only when NCO dissociates during the flight time between 

the photodissociation volume and the photofragment detector (about 5.27 us for a 

101.1 cm flight length), the spectrum in Figure 5.1 shows that the B 2 n state 

predissociates over the entire B 2Tlt-X 2Tl system. Predissociation is observed even 

from the B state (000) level, although the intensity of the photofragment signal was 

considerably less than for the bands further to the blue. This differs from the B 2TI<-

X 2 n absorption spectrum, in which transitions to the (000) level appear to be at least as 

intense as the transitions to higher levels. The implications of these observations for the 

NCO dissociation dynamics and energetics are discussed below. 

Photofragment TOF spectra were taken at dissociation wavelengths of 305.23 nm, 

260.69 nm, 255.20 nm, 247.58 nm, and 240.83 nm with the detector 101.1 cm from the 

photodissociarion volume and the laser polarization such that the electric field vector 

£ was parallel to the direction of the radical beam propagation. These wavelengths 

correspond to the peaks marked with an (*) in Figure 5.1. The five experimental spectra 

are displayed in Figure 5.4. The narrow peak shown in Figure 5.4 b) is a typical 

undissociated radical beam TOF profile, which was obtained to allow evaluation of die 

energy spread in the undissociated radical beam for incorporation into simulations of the 

dissociation spectra. In addition, the TOF spectra at 260.69 nm, 255.20 nm, and 

247.58 nm were taken widi the detector 67.8 cm from the photodissociation volume with 

the laser polarization parallel and perpendicula' to the radical beam axis. These are shown 

in Figure 5.5. The spectra obtained widi the two orthogonal laser polarizations are very 

Figure 5.4 TOF data (circles) obtained with a flight length of 101.1 cm at five 
photodissociation wavelengths as indicated. Various simulations (solid, 
dashed lines) are discussed in the text 

Figure S.5 TOF data (circles) obtained with a flight length of 67.8 cm at three 
wavelengths, with the dissociation laser output polarized bcdi parallel and 
perpendicular to the ion beam axis as indicated Various simulations (solid. 
dashed lines) are discussed in die text. 
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similar, implying a nearly isotropic photofragment angular distribution. The most striking 

result seen in both figures is the abrupt narrowing of the TOF distribution between 260.69 

and 255.20 nm, which suggests that a new dissociation channel opens in that wavelength 

interval. 

5.4 Analysis 

5.4.1 NCO Spectroscopy 

The B 2 n « - X 2 n system in NCO has proven notoriously difficult to assign. The 

X 2 n state vibrational energy level structure is complicated by Renner-Teller coupling and 

Fermi resonances between the v, and v, modes. These effects are also expected in the 

B 2 n state along with perturbations from the A 2 I + state. In Dixon's original spectrum," 

only the (100)<-(000) band had enough extended rotational structure and was sufficiently 

unperturbed to permit any rotational analysis; this led to an identification of the main 2 n l / 2 

« - 2 n l / 2 and 2 n 3 / 2 < - 2 n 3 / 2 sub-bands. A rotational analysis of the (000)<—(000) band was 

obtained only recently in a double resonance experiment.34 Dixon found that the bands to 

the blue of the (100)«-(000) band were broadened, presumably by predissociation, 

preventing any rotational analysis. Although these higher energy bands can be tentatively 

assigned to progressions in the v, and v 3 modes of the B 2Tl state, the detailed vibrational 

structure within each band seen in Figure 5.1 and in Reference 11 remains largely 

unexplained. In this section we consider what additional information can be gleaned about 

the spectroscopy of the B :n<— X 2U transition from our photodissociation cross section 

measurements. 

The rotationally-resolved spectrum in Figure 5.3 is a section of the (100)<-(000) 

band. The main P, Q and R branches noted are from the previously assigned 2 n 3 n « - 2 n 3 / 2 

sub-band. A second, less intense transition is also shown just to the blue of this main sub-

band, and the P branch associated with this transition extends into the R branch head of 
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the main sub-band. In comparison to Dixon's spectrum, the intensity distribution of the 

more intense band in Figure 5.3 reflects a substantially lower rotational temperature for 

the NCO radicals. The R and P branches in Figure 5.3 fall off in intensity at considerably 

lower J values. In addition, we observe a strong Q branch, while none was seen in his 

spectrum; in a TI<—n transition the intensity of the Q branch falls off rapidly with 

increasing J. The lower rotational temperature in our experiment is not too surprising, 

because our radicals are generated by photodetachment of a jet-cooled anion beam as 

opposed to flash photolysis. Simulations of our spectrum indicate a rotational temperature 

of about 50 K. 

In the absence of perturbations or sequence bands, the (100)<-(000) band should 

consist of only two sub-bands (the aforementioned 2 n w « - 2 I l l n and 2 n 3 / 2 « - 2 n 3 C 

transitions) whose origins are separated approximately by IA'-A"I = 18.9 cm - 1, where 

A' = -76.6 cnr ' and A" = -95.5 cm-' are the spin-orbit coupling constants in the B 2TI and 

X 2 n states of NCO, respectively.13'34 Instead, Figure 5.2 shows four well-separated 

sub-bands labeled (a), (b), (d), and (f), with approximate origins at 32,665 cm-', 

32,750 cm-', 32,814 cm-', and 32,890 cm-', respectively. In addition, as mentioned above, 

there is an additional sub-band just to the blue of the main 2 n 3 f l <— 2 n 3 / 2 band at 

32,829 cm-' (labeled (e)), and a higher resolution scan of the main 2 n l c < - 2 n l / 2 sub-band 

shows a similar sub-band at 32,760 cm-' (labeled (c) in Figure 5.2). Thus, the (100)<-

(000) band consists of at least six sub-bands; only two of these have been assigned: (b) to 

the main 2n 3 C<— zTl~ n sub-band and (d) to the 2Umi-2U{n sub-band. However, the 

splitting between the origins of sub-bands (b) and (d) is 64 cm 1 , rather than 19 cm-' as 

expected from the difference of spin-orbit coupling constants. Thus, even this relatively 

well-understood band in the B 2n<— X 2Vl transition is quite complex, and we wish to 

consider possible explanations for its appearance. 
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Previous studies of the electronic spectroscopy of BO, and CO J provide a wealth 

of information which can be used to interpret the spectrum of the isoelecrronic NCO 

radical. The A 2Tlllf—X 2Tlg absorpnon system in B 0 2 was first seen at high resolution by 

Johns,3 S while the emission spectroscopy of the A 2nu—>X 2 I I g system in COJ has been 

extensively studied by Rostas and co-workers.36 Both the (I00)<-(000) band in B 0 2 and 

the (000)—>(100) band in CO? exhibit several vibrational features in addition to the two 

expected sub-bands. In both cases, there are sub-bands due to Fermi resonances between 

the (100) and (020) levels present; v, = 2 v 2 in the A 2U state of B 0 2 and the X 2U state 

of COJ. The (020) levels are further split by the combination of Renner-Teller and spin-

orbit interactions. The theoretical treatment for this combination of effects has been 

worked out in a series of papers by Pople3 7 and Hougen.38 

While a (000)-(020) band in a transition between two 2FI electronic states is 

normally very weak, the (020) levels of FI vibronic symmetry borrow intensity from the 

nearby (100) levels (which also have n vibronic symmetry). As discussed by Johns 3 5 and 

Larcheret al. , 3 6 b this interaction leads to as many as six sub-bands in what is nominally a 

(100)«-(000) band, since the n and K 2TlP (P = 1/2, 3/2, where P=l+Q±fl) states 

associated with the (020) level each borrow intensity from the 2 IT n state associated with 

the (100) level (see Figure 5.6). In addition, because of energy level shifts associated with 

the Fermi resonance, the splitting between the (100) 2 n l / 2 and 2 n 3 / 2 levels can be quite 

different from the value expected based on spin-orbit coupling alone. 

In NCO, where v, = 2v, in the X 2U and A 2S* electronic states, effects from 

Fermi resonances have been observed in both states.U J 2 0 b Although v 2 has not been 

measured for the B 2 n state, a recent theoretical study by Alexander wd Werner 3 9 

predicts harmonic frequencies of 1080 cm 1 and 522 cnr 1 for these stretching and bending 

modes, so one might expect Fermi resonances in this state as well. The observation of at 
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least six sub-bands in Figure 5.2 is consistent with this expectation, as is the deviation of 

the splitting between bands (b) and (d) from IA'-A"I. 

Figure 5.6, adapted from Johns' paper,35 shows an energy level diagram consistent 

with the structure in the (100)<-(000) band. The (100) and (020) B state levels with n 

vibronic symmetry are shown, from left to right, with no interactions, spin-orbit and 

Renner-Teller coupling, and finally, the additional effect of Fermi resonances. On the left, 

the unperturbed (100) level lies above the (020) level in accordance with Alexander's 

calculation. In the middle set of levels, Dixon's value for the B state spin-orbit coupling 

constant (A' = -76.6 cm-') is used for the (100) and (020) manifolds, along with a Renner-

Teller parameter sufficiently large so that the (100) levels lie within the (020) levels with 

IT symmetry (the two (020) levels with <I> symmetry are not shown). The rightmost set of 

levels shows the qualitative effect of the Fermi resonance between the (100) and (020) 

manifolds. Since nearby levels with the same Q value repel one another, the (100) 2Tlin 

and 2 n 3 / 2 levels are forced closer together. This results in a splitting between the main 
2 n l / 2 * - 2 n l / 2 and 2n 3 / 2<— 2Tl m transitions which is larger than IA'-A"I, as is seen in the 

experimental spectrum. Carrying this one step further, the six sub-bands identified in 

Figure 5.2 can be assigned to the transitions labeled in Figure 5.6, assuming the energy 

level spacings indicated in the caption of Figure 5.6. 

While Figure 5.6 offers an explanation for the appearance of the (100)<—(000) 

band, other possible sources for the multiple sub-bands must also be considered. For 

example, perturbations from the lower-lying A 22> state are prominent in the B 2Yl (000) 

<-X : n (000) band,3 4 and may well be contributing to the (100)<-(000) band. At higher 

Figure 5.6 Schematic showing our tentative assignment for the sub-bands observed in the 
(100)«-(000) transition region. The observed transitions yield the following 
spacings for the 100 and 020 energy levels in the 8 ; n electronic state, 
relative to the lowest (l-2!!-,,-, level: } i - 2 n i c . 0.6 on-', : n 3 . - . 54 cm 1 , 
; n , c . 8 5 c m - 1 , K - : n 3 c , 130cm'-. K - : n l c , 16J.6cm 1. 
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resolution sub-band (a), in particular, appeari to actually consist of two distinct features, 

one centered at 32665 cm - 1 (the value used in the above discussion) and the other at 

32b89 enr 1 , possibly resulting from extensive A state perturbations. Similar perturbations 

have been identified in s double resonance study of COJ. 4 0 In addition, the (100)«-(000) 

transition in NCO may be overlapped by sequence bands in the NCO bene' (the (110)<-

(010) band, for example). Any bend excitation in the NCO - is transferred .o NCO when 

the radical is produced by photodetachment, because oend st-quence bands in the NCO -

photoelectron spectrum fall on top of uV. NCO(000)<-NCO-(00C) transition. We note 

that bend sequence bands were observed in our photodissociation study of N 3 . 5 

With higher resolution data over z wider frequency range than in the rotationally-

resolved spectrum in Figure 5.3, we might be able to definitively son out these 

possibilities. As it is, the qualitarive similarities with the COj and B 0 2 spectra support the 

notion that most of the detailed structure in the (100)<-(000) band in NCO is from Fermi 

resonances within the B 2Tl state. These effects will become even more complex tor 

higher energy transitions in the B 2FI<— X 2Tl system. 

5.4.2 Dissociation Dynamics 

In this section, the photofragment rime-of-flight (TOF) results are analyzed in 

order to leam about the dissociation dynamics of the NCO B 2Tl state. This data can be 

considered at two levels of detail. We obtain the approximate maximum photofragment 

kinetic energy release at each wavelength from the edges of the TOF distriburion. We also 

obtain more precise and detailed photofragment energy and angular distributions by 

comparing experimental and simulated TOF spectra at various laser wavelengths and 

polarizations. 

We first consider the five TOF spectra shown in Figure 5.4. In the center-of-mass 

frame of reference, the fastest N atoms scattered parallel and anti-parallel to the ion beam 
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Wavelength 
[nni] 

hv 
[eV] 

At 
[as] 

KER 
[eV] 

hv-KER 
[cV] 

305.23 4.06 220 1.74 2.32 

260.69 4.76 265 2.52 2.24 

255.20 4.86 75 0.20 4.66 

247.58 5.01 100 0.36 4.65 

240.83 5.15 120 0.52 4.63 

Table 5.1 Summary of results obtained direcdy from TOF spectra shown 
in Figure 5.4. Kinetic energy release (KER) values are determined using 
Eqn. (5.1). See text. 

direction correspond to the minimum (t^) and maximum (t^J flight times at which 

photofragment signal is observed. If effects due to the energy spread of the radical beam 

and the extent of the beam block are ignored (these are considered explicitly below), men 

t = t ^ - t̂ j,, is related to the maximum centt,r-of-mass kinetic energy release, KER, by 

KER = -^\-(mN'm"c°\ T 2, (5.1) 
8L ^ meg J 

where L is the distance the fragments travel to the detector (101.1 cm for these spectra) 

and v0 is the beam velocity (1.91 x iO7 cm/sec). The results for the spectra in Figure 5.4 

are shown in Table 5.1. 

Within Table i. I, the quantity (hv - KER) corresponds to the bond dissociation 

energy if ground state products are formed. Any excitation present in the products 

reduces the KER and makes this quantity larger. The more detailed simulations discussed 

below show that the values for the KER in Table 5.1 are only approximate upper bounds 

to the maximum photofragment kinetic energy release, and dierefore, the values of 
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(hv - KER) ire only approximate lower bounds for the bond dissociation energy plus 

product internal energy. 

Nonetheless, several features in this table are noteworthy. First, consider the value 

for the KER at X = 305 nm, which corresponds to excitation of the (100)«-(000) 

transition. If the upper state were dissociating to the lowest energy spin-allowed 

dissociation channel, WD) + CO, then KER = 1.78 eV yields A ^ ^ C N - C O ) = 

88 kcal/mol, more than double the accepted value. This value for AfH%9i K(N-CO) would 

mean that the CN + 0 2 -* NCO + O reaction is endothermic by 45 kcal/mol, a physically 

unreasonable result because this reaction is rapid at room temperature. The 305 nm and 

260 nm TOF results therefore indicate that the upper states for both transitions are 

dissociating to the energetically allowed but spin-forbidden N(lS) + CO channel, which 

lies 2.38 eV (54.9 kcal/mol) below the N(2D) + CO channel. However, at X = 255 nm, the 

TOF distribution narrows abruptly. This suggests an energy level diagram for NCO and 

its photofragments as given in Figure 5.7; at X = 255 nm, the spin-allowed channel 

N^D) + CO channel is energetically accessible, whereas it is not at X = 260 nm. 

The results in Table 5.1 therefore imply that the N(2£>) + CO channel becomes 

accessible between 4.76 and 4.86 eV above the NCO ground state and allows us to 

bracket Ay//° 9 8 K(NCO) between 31.5 and 29.0 kcal/mol. This bracketing is validated by 

the additional observation that the KER is small at the longest wavelength at which 

N(*D) + CO is formed, implying no substantial barrier to dissociation. Since this range of 

A/^298 K (NCO) values lies below the accepted literature26 value of 36.1 kcal/mol, we 

have performed more detailed analyses of photofragment TOF spectra which will now be 

discussed. 

We wish to determine the N-CO bond dissociation energy and the photofragment 

Figure 5.7 Energy level diagram showing the position of the NCO electronic energy 
levels relative to the asymptotic energies of the fragment channels as 
determined by this work. 
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energy and angular distributions consistent with the TOF spectra in Figures 5.4 and 5.5. 

This is done using a Monte Carlo computer simulation program,41 which generates a TOF 

spectrum for given dissociation waveleng'h, laser polarization and radical beam 

characteristics. The simulation program also accounts for the finite size of the 

photofragment detector and the beam block. The radical beam characteristics are checked 

by comparing simulated and experimental TOF spectra of the undissociated radical beam; 

the agreement, shown in Figure 5.4(b), is excellent. The simulation assumes a spread of 

8 eV (0.1 %) in the ion beam energy. This value is consistent with the small energy spread 

expected from the beam-modulation TOF mass spectrometer.42 

To cany out a photofragment TOF simulation, we specify a trial photofragment 

angular distribution and bond dissociation energy. The simulation program accounts for 

contributions to the TOF spectra by both N and CO fragments, since the experimental 

spectrum has contributions from both. Figure 5.5(a) shows the individual contributions of 

the N (dotted lines) and CO (dashed lines) fragments as determined from the simulation 

program together with their sum that fits the experimental TOF spectrum. The fact that 

only N atoms contribute to the TOF signal close to („,;„ and t m „ is illustrated clearly by this 

figure. 

The photofragment center-of-mass kinetic energy and angular distribution P(ETff) 

is taken to be 

P(ET,Q)= ZVHHj-Ml + P^Ccose)). (5.2) 

The index i specifies the N atom electronic state CS or 2D). Here iij refers to the 

electronic state populations, Pi(E7) is the photofragment kinetic energy distribution in the 

ich electronic state, 8 is the angle between the fragment recoil and laser polarization 

vector, and (5; is the anisoiropy parameter43 for the ith electronic state. / >

i(£ T) is 
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X 
[nm] 

*S:2D 
Ratio 

P (for 2D channel) P (for 4 S channel) D0(N-CO) 
[kcal/moll 

260.69 100:0 N/A +0.1 54.9 

255.20 6:94 +0.2 +0.1 54.9 

247.58 2:98 +0.2 +0.1 54.9 

Table 5.2 Simulation parameters used to fit all data in Figure 5.5 (both 
polarizations) and the common wavelengths in Figure 5.4. The value 
shown for D0(N-CO) was determined by obtaining the best fit for all data 
in both Figures 5.4 and 5.5. 

X 
[nml 

v = 0 
pop. 

v = l 
pop. 

v = 2 
pop. 

v = 3 
pop. 

v = 4 
pop. 

v=5 
pop. 

v=6 
pop. 

v=7 
pop. 

v=8 
pop. 

260.69 1.0 1.0 1.0 1.0 1.5 2.5 3.0 2.0 1.0 

Table 5.3 CO fragment vibrational distribution used in the simulations of 
the three TOF spectra at 260.69 nm in Figures 5.4 and 5.5. The 
simulations assumed no rotational excitation of the CO. 

determined by specifying the bond dissociation energy and the CO vibration-rotation 

distribution associated with die /th N atom electronic state. 

We first consider the TOF spectra at the three wavelengths for which the 

photofragment flight length was 67.8 cm (Figure 5.5), as these were taken with both laser 

polarization directions. The broad TOF spectrum at X = 260 nm indicates dissociation to 

N(4S) + CO, while the two narrower spectra at X = 255 and 247 nm are from dissociation 

primarily to NpD) + CO. However, the narrow peak in die 255 nm TOF spectrum sits 

atop a small, broad pedestal due to a small amount of N(4S) + CO production. At all diree 

wavelengths, the spectra taken with the laser horizontally polarized (parallel to die radical 
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beam axis) are slightly broader than the spectra taken with vertical laser polarization. This 

indicates that the anisotropy parameter |J is positive for both N atom product electronic 

states; we find p=+0.1 for the N(45) channel and p=+0.2 for the N^D) channel. The 

complete set of parameters used to arrive at the solid line fits for the three sets of TOF 

spectra are listed in Table 5.2 and Table 5.3. 

The narrow peak in the 255 nm TOF spectrum can be fit successfully assuming a 

single value for the photofragment kinetic energy of 0.10 eV. If this corresponds to the 

translational energy of N^ZJ) + CO (v=0, J=0) fragments, then the NpO) + CO 

dissociation channel lies 4.76 eV (109.8 kcal/mol) above the ground state of NCO, 

yielding an N-CO bond dissociation energy (to form N(45) + CO) of 2.38 eV 

(54.9 kcal/mol). This value of the bond dissociation energy is the one used to determine 

the relative energies of NCO and the dissociation product channels in Figure 5.7. 

Our interpretation of die 255 nm spectrum is supported by the 247 nm spectrum 

using the same bond dissociation energy in which the edges of the distribution are fit 

accurately assuming they are also from N(2D) + CO (v=0, J=0) fragments. However, 

closer to the center of the distribution, the simulated TOF spectrum is too broad (Figure 

5.5(e), dashed line) if all the CO is assumed to be in its (v=0, J=0) state, and die best 

simulation (solid line) includes rotational excitation in the CO fragment [CO(v=l) is not 

accessible at 247 nmj. The rotational excitation was lncorpuraicd using che following 

empirical functional form for the translational energy distribution: 

P(ET) = 1—^- (5.3) 
£ ro r 

Here Er is translational energy while £ T O T is hv - [D0(N-CO) + AEpO-'S)], with 

££.(t-D-*S) equal to the difference in energy between the 2D and *S N atom electronic 

states. 
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[nm] 
v = 0 
pop. 

v = l 
pop. 

v = 2 
pop-

v = 3 
pop. 

v = 4 

pop. 
v=5 
pop. 

305.23 1.0 1.5 2.5 3.0 5.0 i.O 

240.83 1.0 1.0 ... — 

Table 5.4 CO fragment vibrational distribution (neglecting rotational 
excitation) used in the simulations in of the TOF spectra Figure 5.4 with 
TOF spectra at 305.23 (for N(4S) + CO products) and 240.83 nm (for 
NpD) + CO products). 

In the simulated 260 nm TOF specu-um, the photofragment kinetic energy 

distribution was determined using the bond dissociation energy, determined above, of 

2.38 eV. The CO (v, J=0) distribution used is given in Table 5.3. A more detailed 

distribution involving CO vibrational and rotational excitation is not justified by the data. 

However, one can safely say that, unless the CO is extremely rotationally excited, the CO 

vibrational distribution is highly inverted. More significantly, from the perspective of the 

NCO energetics, t ^ and t ^ in the simulated TOF distribution, which are due to 

N(4S) + CO(v=0), match the experimental spectrum very well, funher supporting the bond 

dissociation energy obtained from the 255 nm spectrum. As mentioned above, the 255 nm 

and, to an even lesser extent, the 247 nm spectra have a small contribution from 

N(45) + CO product. The electronic branching ratios in Table 5.2 were determined 

assuming the same CO vibrational distribution for the N(4S) + CO product that was 

determined for the 260 nm spectrum. 

As a further check on the values determined in these simulations, the parameters in 

Table 5.2 and Table 5.3 were used to fit the three TOF spectra in Figure 5.4 at the same 

three wavelengths but where the photofragment flight length is 101.1 cm. Excellent 

agreement is found between the experimental and simulated TOF spectra. Finally, the 

TOF spectra in Figure 5.4 at both 305 nm and 240 nm were fit assuming the respective |J 
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values obtained above for the two N atom electronic channels. The fragment state 

populations that gave the best-fitting simulations (solid lines, Figure 5.4) are listed in 

Table 5.4. The CO vibrational distribution at 305 nm appears to be highly invened, just as 

at 260 nm, while the excellent fit at the extrema of the simulation to the data further 

confirms our choice of D0(N-CO). At 240 nm, again using D0(N-CO) = 2.38 eV in our 

simulation, the NpiJ) + CO(v=l) channel should be energetically accessible. Indeed, the 

shape of the TOF spectrum is noticeably different from the 247 nm spectrum, with broader 

wings under a central peak, and we find by varying only the relative vibrational level 

population of v=0 and v=l (neglecting rotational excitation) that an adequate fit is 

obtained if 50% of the CO is in the v=l level. 

The value of 2.38 eV for D0(N-CO) was obtained from our analysis assuming the 

NCO is in its rotational ground state. Including the correction for the average rotational 

energy of the NCO (0.1 kcal/mol at 50 K), we obtain A /7/°=30.4 kcal/mol at 0 K. 

A /W°(NCO) at 298 K is only slightly higher, 30.5 kcal/mol.44 This value is significantly 

lower than the currently accepted literature value2 6 of 36.1 ± 1 kcal/mol (D0(N-CO) = 

2.13 eV). As a measure of the sensitivity of our TOF spectra to the assumed value of 

D0(N-CO), Figure 5.4(c) shows the results of a simulation (dotted line) at 255 nm widi 

D0(N-CO) = 2.11) eV but with all the other parameters the same as in Table 5.2. This is 

clearly inferior to the simulation with D0(N-CO) = 2.38 eV. Based on trial simulations at 

various dissociation wavelengths using different bond dissociation energies, we estimate 

the error in our determination of A^/Z^s K(NCO) to be ± 1 kcal/mol. 

5.S Discussion 

The results presented here not only settle the question of the onset of 

predissociation in me NCO B 2Tl state, but also explain the observations in previous 

experiments. In Dixon's original study of the NCO B 2Tl*-X 2U system, he attributed the 
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spectral broadening of the (200)«—(000) transition to the onset of predissociarion forming 

N(?D) + CO products, whereas Crosley23 interpreted the lower fluorescence lifetiine of the 

B 2 n state (100) level relative to the (000) level to mean that the (100) level could 

dissociate to N(?D) + CO. Ourphotodissociation cross section measurements clearly 

show that all vibrational levels of the NCO B 2I1 state predissociate. The explanation of 

these seemingly discordant results is given by the photofragrnent TOF spectra. These 

show that, in Dixon's and Crosley's experiments, predissociation of the B 2Vl state was 

indeed occurring, but it was spin-forbidden dissociation to N(45) + CO products. Their 

results can therefore be explained if the dissociation rate to these products increases with 

the level of B 2 I I state vibrational excitation, causing a noticeable decrease in the 

fluorescence lifetime for the (100) level and observable broadening in die absorption 

spectrum for the (200) and higher levels. As mentioned in the Results section, the 

intensity of the photofragment signal from the (000) level relative to die signal from the 

higher levels appears to be smaller than in the B 2 n « - X 2 n absorption spectrum. This 

suggests that die dissociation rate from the (000) level is sufficiendy slow that the 

photofragment signal is depleted by spontaneous emission. 

The next important issue is the discrepancy between our value for AfH%9S K (NCO) 

and the literature value. Our experiment is, in principle, a direct measurement of the 

N-CO bond dissociation energy, but there are several assumptions in our analysis which 

must be discussed. The B zUt-X 2 n transitions in the range of the N(2D) + CO 

threshold have not been definitively assigned. In using the photofragment TOF spectra to 

determine this tiireshold, we have assumed all die spectroscopic transitions originate from 

die (000) level of die NCO ground electronic state. This may not be correct, as some of 

these transitions may be sequence bands originating from vibrationally excited NCO. As 

discussed in the Analysis section, vibrationally excited NCO can result from 

photodetachment of vibrationally excited NCO - . However, in the unlikely event tiiat this 
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were somehow die case for all the transitions in Figure 5.4, then the true bond dissociation 

energy would be higher than 2.38 eV and the true A^//£9, K(NCO) would be lower than 

30.5 kcal/mol, a shift in the opposite direction from the literature value. We also assume 

in our simulations that dissociation occurs in a time which is less than 1% of the total 

flight rime (-3.5 jis). This is strongly supported by the observation that the TOF spectra 

which were taken at both photofragment flight lengths, / = 67.8 cm and 101.1 cm, could 

be fit with a single fragment translationa! energy distribution. 

Another source of possible error is that our analysis assumes that t ^ and t^ in 

the TOF distributions are from N + CO(v=0) fragments, and, in particular, that the TOF 

spectra at 255 nm and 247 ran are due entirely to CO(v=0). Suppose, however, that no 

CO(v=0) is produced at those wavelengths, and that the TOF spectra are from 

N(2£>) + CO(v=l). If this were the case, D0(N-CO) would have to be lowered by 

5 kcal/mol (corresponding to the CO vibrational frequency) from our value and 

A/#298 K ( N C O ) would be raised by the same amount, which would bring it in close 

agreement with the literature value. However, this would imply that the CO distribution 

at 241 nm [Figure 5.4(e)] is approximately 50% v=2, 50% v=l, and no v=0, a most 

unusual distribution. In addition, at 260 nm and 305 nm, where only N(4S) + CO is 

formed, the edges of die TOF spectra are reproduced in our simulations using D0(N-CO) 

= 2.38 eV. In order to fit these spectra with a 5 kcal/mol lower bond dissociation energy, 

one would have to assume no CO(v=0) was produced at these wavelengths, as well. This 

also seems unlikely, considering the rubstantial range of CO vibrational states populated at 

both of tfiese wavelengths, and the different mechanism producing the spin-forbidden 

product channel. We therefore believe that the bond dissociation energy obtained from 

our TOF spectra is correct, and that the literature value of A ^ / / ^ K(NCO) is too large by 

several kcal/mol. 
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The literature value 2 6 of A , H%^ K (NCO) is obtained from three quantities which 

contain possible sources of error: (1) DA(H-NCO), the threshold for formation of NCO 

A ZZ* from the photolysis of HNCO, (2) D0(HN-CO), the dissociation energy of HNCO 

to form NH + CO, and (3) AfH°9iK(Nii). The H-NCO bond dissociation energy, 

D0(H-NCO), is found from DA(H-NCO) by subtracting 2.82 eV, the electronic energy of 

the NCO A 2Z* state. We then have 

AfH$K(NCO) = D 0 (H-NCO)-D 0 (HN-CO) 

+ AfH°K(NH) + A,HgK(CO) - AfH°DK(H). (5.4) 

The standard heats of formation of CO and H are well known.44 The literature value of 

4/^298 K(NOO) is based on Okabe's value 2 2 of 7.73 eV for DA(H-NCO), Chandler's 

value 2 5 of D(HN-CO) = 82.9 (+2.8,-0.7) kcal/mol, which was obtained from the threshold 

for NH(a'A) production from HNCO photodissociation, and Berkowitz's value 4 5 of 

A / / / 2

3

9 8 K (NH) = 85.2 kcal/mol, which was obtained from NH 2 ionization and dissociative 

ionization potentials. Two more recent independent measurements46 of A;H2K K (NH) are 

in excellent agreement with Berkowitz's value. However, a more recent measurement of 

DA(H-NCO) by Shobatake47 yields a slightly lower value, 7.65 eV, lowering 
A /#298 K(NCO) by 1.8 kcal/mol. This brings AfH°9t K(NCO) down from 36.1 to 

34.3 kcal/mol. In addition, using the upper bound on D0(HN-CO) of 85.7 kcal/mol from 

Chandler's study lowers AfH%nK(NCO) still more, to 31.5 kcal/'mol, bringing it within the 

orror bars of our measurement. Our value for Aj H%% K (NCO) therefore is not as 

inconsistent with previous work as it might first appear, and a further lowering of 

DA(H-NCO) would yield even better agreement 

We also note that Coombe2 obtained a lower bound to A ,film K(NCO) of 

37 kcal/mol in a photodissociation study of NCO at 193 nm, based on the highest internal 

energy seen in the CN fragment. However, his value assumes no internal excitation in the 
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NCO, which is generated by the F + HNCO reaction. The CO bond distances in HNCO 

and NCO are 1.167 A 4 8 and 1.21 A 4 ' respectively. Based on a simplistic Franck-Condon 

view of the F + HNCO reaction, this geometry change would lead one to expect the NCO 

product to have significant stretching excitation which could, in principle, appear as CN 

internal excitation when the NCO is photodissociated. 

Finally, we consider the mechanism for the various NCO dissociation processes. 

Until very recently, little was known about the detailed structure and interaction of the 

excited state potential energy surfaces of NCO. Past calculations have been completed at 

the INDO-CI 5 0 and MINDO/35 1 level; predictions of electronic state levels varied widely 

between these two calculations, with neither being close to the experimentally determined 

values for the A 2Z* and B 2Tl states. However, a theoretical study just completed by 

Alexander and Werner3' addresses in detail the nature of the potential energy surfaces and 

the mechanism of the spin-forbidden decomposition of the NCO B 2TT stale using ab initio 

methods. They propose that the dissociation pathway for this process first passes through 

a conical intersection between the B 2 n and A 2Z* states, both of which have components 

of A' symmetry when the molecule is bent. Dissociation then occurs through the 

interaction, via spin-orbit coupling, of the A 2 S + state with the repulsive 4Z" state which 

correlates with N(4S) + CO products. An attractive feature of their calculation is that, for 

collinear geometries, the minimum in the crossing seam between the B 2U and .4 2Z* 

states occurs slightly above the B - n state minimum. This is consistent with the apparent 

rapid increase in dissociation rate as the vibrational energy of the B 2T1 state increases. 

This calculation also predicts that the lowest energy crossing between the A state 

and the repulsive 4£~ state occurs at a bond angle of 145.5° and CO bond length of 

1.21 A, which is considerably longer than the bond length of 1.13 A in diatomic CO. One 

therefore expects considerable rotational and vibrational excitation of the CO produced by 

spin-forbidden dissociation of NCO. While we cannot distinguish rotational from 
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viorational excitation in OUT TOF spectra of the spin-forbidden channel, the spectra are 

certainly consistent with extensive excitation of the CO product. Planned experiments 

with a two-particle position and rime sensing detector similar to that used by Los and co

workers5 2 should yield more complete product energy distributions, enabling a detailed 

comparison with theory. 

Finally, although Alexander and Werner did not explicitly discuss 

photodissociation to the spin-allowed products, one can speculate on the possible 

mechanism based on their results. Neither the A 21* nor B 2Tl states correlate to 

N(}D) + CO products for linear NCO geometries, but both states correlate to these 

products for bent geometries. The excited stretching levels of the B 2 n state that are 

accessed in our experiment should have some bending character due to Fermi resonances, 

so dissociation to spin-allowed products should be reasonably facile once this channel 

becomes energetically accessible. This is consistent with the experimental observation that 

the spin-allowed channel dominates immediately above the N(2D) + CO threshold. 

5.6 Conclusions 

We have used photodissociation spectroscopy to study the B 2n<—X 2FI 

electronic transition in NCO. Photodissociation cross section measurements show that 

predissociation occurs throughout the B 7 n state, including the ground vibrational level. 

Time-of-flight spectroscopy of the N + CO photofragments reveal that the first several 

vibrational levels of the NCO B 2FI state undergo spin-forbidden dissociation to 

N(4S) + CO products, but 20.3 kcal/mol above the B 2 n state origin, the spin-allowed 

N(2D) + CO channel becomes energetically accessible and immediately dominates the 

photofragment distribution. From our determination of this threshold, we obtain a 

AjH°9i K of 30.5 kcal/mol for the NCO free radical, which is significantly lower than the 

current literature value of 36.1 kcal/mol. We also obtain approximate CO internal energy 
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distributions from the nme-of-flight spicirum. The dynamics of NCO photodissociation 

are briefly discussed in terms of recent theoretical results by Alexander and Werner which 

indicate that spin-forbidden dissociation from the B ZU state occurs via a conical 

intesection with the A 2 S* state followed by a non-adiabatic transition to a repulsive 

quartet state which correlates to N(4S) + CO products. 
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Chapter 6 

Photodissociation of the CH,NO, Radical 

6.1 Introduction 

The study of molecular photodissociation processes has developed into one of the 

most productive and valuable areas of chemical physics in recent years.1 This body of 

work has led to a detailed understanding of both the spectroscopy and dynamics 

associated with the dissociative electronic states in a wide variety of molecules. 

Moreover, photodissociation experiments provide one of the most direct means of 

determining bond dissociation energies. However, the vast body of these investigations 

have been undertaken on stable molecules; only a handful of photodissociation 

experiments on reactive free radicals have been performed to date. For most radicals, the 

excited states in general and the dissociative states in particular are poorly characterized, 

and the bond dissociation energies are not known very accurately. Hence, these species 

present an inviting target for photodissociation experiments. 

This situation provided the motivation for the development in our laboratory of a 

photodissociation experiment especially well-suited for studies of free radicals, based on a 

novel form of photofragment translational spectroscopy. In the standard version of 

photofragment translational spectroscopy,2 a molecular beam is photolyzed, and one 

measures the translational energy and angular distributions of the resulting fragments by a 

variety of techniques.3 Thus far, the primary challenge met in extending this method to 

reactive free radicals4-5 has been the difficulties involved in generating a clean, well-

characterized molecular beam of these species. Our experiment uses a different approach 

in order to eliminate this problem. We produce mass selected, neutral free radicals from 

photodetachment of a fast (6-8 keV) beam of the corresponding negative ions. The 

resulting radicals are then photodissociated, and the photofragments are detected with 

high efficiency. We can map out the dissociative excited states of a given radical by 
202 



determining how the photodissociadon cross section varies with dissociation photon 

energy. Subsequently, we perform dynamics experiments at selected wavelengths, using a 

coincidence detection scheme to determine the masses, kinetic energy release (KER), and 

recoil angle with respect to the laser polarization for each pair of photofragments formed. 

From this, we obtain photofragment translation^ energy and angular distributions as well 

as the yield for each fragmentation channel Previously, we have applied this method to 

diatomic and Diatomic species.6-7-3'9 In this paper, we report our first results for a 

polyatomic molecule, the nitromethyl radical CH 2 N0 2 . 

The nitromethyl radical is thought to be a primary intermediate in the combustion 

of nitromethane, CH 3 N0 2 , formed by simple hydrogen abstraction.10-11 Past experimental 

work on CH 2 N0 2 is fairly limited. Chachaty and coworkers12-13 obtained electron spin 

resonance (ESR) spectra of the nitromethyl radical following y irradiation of nitromethane 

at 77 and 195 K. Matrix isolation work using isotopic substitution performed by 

Jacox1 '- 1 4 resulted in the identification of all but one of the twelve ground state vibrational 

frequencies by infrared absorption, and the subsequent determination of the planar, C 2 v 

geometry of the ground state. Jacox also ascertained that the threshold for 

photodissocianon lies between 280 and 300 nm. The photoproducts resulting from 

dissociation at 280 nm were determined to be H,CO and NO. It was noted that these 

could be either the nascent fragments or the products from caged recombination of 

CH 2 + N 0 2 formed by C-N fission. More recently, Metz et a/.1 5 recorded the 

photoelectron spectrum of the nitromethyl anion (CH 2 N0 2 ) . They determined the 

electron affinity of CH 2 N0 2 to be 2.475 ± 0.010 eV, and located an excited electronic 

state (the / 2 A 2 state) 1.591 eV above the X 2 Bj ground state. In addition, ab initio 

calculations were performed to assist in identifying the one remaining unknown ground-

state vibrational frequency (for the torsional mode) from the experimental data. Other 

theoretical work on the nitromethyl radical includes two previous ab initio calculations 
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completed at the single and multiconfigurarjonal self-consistent field (MCSCF) levels by 

McKee,1 6-1 7 which attempted to identify and characterize the lowest electronic states. 

In contrast to the relatively few studies of CH 2 N0 2 , the phorodissociation of the 

analogous closed shell species, nitromethane, has been thoroughly studied. Depending on 

the method of excitation, three major pathways can contribute to dissociation: 

CH 3 N0 2 -* CH3NO + O (6.1) 

-> CH3O + NO (6.2) 

- > C H 3 + N 0 2 . (6.3) 

The ultraviolet photodissociation of CH 3 N0 2 in the wavelength range from 190 to 220 nm 

has been investigated in the gas phase 1 8- 1 9 ' 0- 2 1 and also in solution.22 This is a 7t"<—Jt 

excitation and leads exclusively to C-N bond fission, Eqn. (6.3). Butler20 has proposed 

two pathways to these products. The primary pathway is adiabatic, involving crossing 

onto a o"V-n surface of the same symmetry as the initially excited state and leading to the 

production of N 0 2 in the 1 2 B 2 electronic state. At the highest energies in this range a 

diabatic dissociation pathway becomes energetically allowed, producing N 0 2 in the 2 2 B 2 

electronic state. Schoen et al.23 have reported picosecond photodissociation studies of 

nitromethane at wavelengths between 238 nm and 337 nm, again finding only C-N bond 

fission in this region. The amount of electronically excited N 0 2 was shown to increase 

with increasing photon energy, as determined by the ratio of fluorescence yield to laser-

induced fluorescence yield measurements on the photoproducts. In contrast, infrared 

multiphoton dissociation (IRMPD) studies by Wodtke et al. 2 4- 2 5 determined that when 

dissociation occurs on the ground state surface, there is a competition between the C-N 

bond fission process and rearrangement to form methyl nitrite, followed by nitric oxide 

elimination, as illustrated by Eqn. (6.2). Beijersbergen et al.26 have recently published a 

study in which the dissociative charge transfer neutralization of the nitromethane radical 

cation is described. This technique results in the formation of neutrals with excitation 

energies centered at 5.9 eV (Na charge exchange) or 7.2 eV (Cs charge exchange). In 
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the* study, they determined the major channels to be N-O and C-N fission [Eqns. (6.1) 

and (6.3)], while nitric oxide elimination [Eqn. (6.2)] was observed as a minor channel. 

The work on the nitromethyl radical reported here was largely motivated by our 

interest in learning how its photodissociation dynamics might differ from nitromethane. 

The matrix results obtained by Jacox" are particularly intriguing in this regard. If the 

H 2CO + NO photoproducts observed by Jacox are indeed nascent fragments, this would 

indicate that the primary UV photochemistry of CH 2 N0 2 involves NO elimination rather 

than C-N bond fission as in CH 3 N0 2 . The collision-free environment in our experiment 

makes it possible to clearly identify the primary photofragments. 

In the following section details of the experiment are discussed, while results and 

analysis of the photodissociation of the nitromethyl radical are presented in § 6.3. We 

unambiguously identify and characterize the nascent photoproducts of the ultraviolet 

photodissociation of CH 2 N0 2 . In doing so, we identify the following two dissociation 

channels: (I) CH 2NO, -> CH 2NO + 0 and (II) CH 2 N0 2 -> H2CO + NO. The 

dissociation process that involves simple C-N bond fission, (III) CH 2 N0 2 -» CH 2 + N0 2 , 

is not observed. For the two observed channels, the branching ratio, expressed as the 

quotient (I)/(I1), changes from 1.19 to 1.76 on varying the photodissociation wavelength 

from 270 nm to 240 nm. In addition, the translational energy distribution, P(Er), and the 

recoil anisotropy parameter as a function of translational energy release, P(ET), are 

determined for each channel. These data imply fundamental differences in the dissociation 

dynamics for the two observed channels, providing insight into the dissociative mechanism 

involved in each channel. In § 6.4, we discuss the implications of these observations on 

the dissociation mechanisms for the various channels. It is noted that a preliminary 

account of this work has been published elsewhere.27 
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62 Experimental Approach 

Due ID their open shell nature, free radicals typically have positive electron 

affinities. Our experiment utilizes this property in order to generate a pure, 

well-characterized packet of free radicals via photodetachment of the corresponding 

mass-selected negative ion. As an added advantage, the high laboratory frame kinetic 

energy imparted to the radicals during their acceleration prior to detachment allows the 

efficient collection and detection of photofragments simply by striking the face of a 

microchannel plate (MCP) detector. 

A schematic of the fast radical beam photodissociation spectrometer used in this 

work is shown in Figure 2.1. Details concerning the design of the fast radical beam 

spectrometer and the photofragment detection scheme are given in Chapter 2, but there 

are several aspects of the experiment panicularly germane to the present study which will 

be described here. 

The basic experiment is as follows: 

C H 2 N 0 2 *v' ) C H 2 N 0 2 +e~ *"' > fragments. (6.4) 

The nitromethyl anion, C H J N O J , is prepared following the procedure of Metz et al.,15 

using a pulsed molecular beam ion source similar to that developed by Lineberger and 

coworkers.28 We first bubble a mixture of 10% NF3 in N 2 through neat nitromethane 

(Eastman) at room temperature and 18 PSIG total pressure. A pulsed molecular beam 

valve operating at 60 Hz introduces this mixture to the source vacuum chamber. 

Immediately outside the nozzle orifice, the supersonic expansion is crossed with a 

continuous 1 keV electron beam. Low energy secondary electrons formed by electron 

impact ionization result in the production of F" via dissociative attachment to NF 3. This 

fluorine anion abstracts a proton from nitromethane, forming C H 2 N 0 2 , which undergoes 

cooling during the remainder of the expansion. Ions pass through a 3 mm diameter 
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skimmer and are accelerated to 6 See V. They are then rereferenced to ground potential by 

die use of a potential 'switch*,29 and mass selected via a Bakker-cype dme-of-flight mass 

spectrometer.30 After passing through a 1-mm beam-defining aperture, the anions are then 

photodetached using a tunable, pulsed, excimer-pumped-dye laser system, timed to 

intersect the mass of interest. Detachment laser energies are 30-50 mi/pulse and the laser 

is loosely focused with a 1 m focal length lens, 50 cm prior to intersecting the ion packet. 

Attenuation of the ion beam by the photodetachment light pulse can be as high as 50%. 

The anions are vibrationally cold, and the detachment wavelength is chosen to 

avoid the production of vibrationally excited radicals, as is discussed in § 1.4.2. This is 

done with the aid of Figure 6.1, which shows the fixed frequency photoelectron spectrum 

of CH2NO2 obtained previously using a separate apparatus in our laboratory. This 

photoelectron spectrum was taken using a photon energy of 3.49 eV ("\.del = 355 nm), and 

revealed the electron affinity of CH2NO2 to be 2.475 eV.' 5 In this spectrum, the 

measured kinetic energy of the electrons represents the photon energy minus the 

difference in energy between the ground vibrational state of the anion and vibrational 

levels in the neutral. Hence, in Figure 6.1 the peak at highest electron kinetic energy 

corresponds to the ground vibrational level in the neutral. The spectrum consists of a 

strong vibrational progression in the v 3 symmetric stretch mode. We therefore 

photodetach the anions at a photon energy of 2.59 eV (A.to = 479 nm), just above the 

electron affinity of CH 2 N0 2 . As illustrated by the location of the arrow in Figure 6.1, this 

is not energetic enough to excite the active v 3 mode of the neutral. 

Following detachment, all remaining negative ions are deflected out of the beam. 

The radicals must pass through a second 1 mm collimating aperture and are then 

Figure 6.1 Photoelectron spectrum of nitromethyl anion obtained using a photon energy 
of 3.49 eV (X^ = 355 nm). The prominent v 3 progression is labeled, and the 
position of the arrow relative to the origin peak indicates the energy available 
upon photodetachment using 2.59 eV photons (X^, = 479 nm). 
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intersected in the photodissociation region by the horizontally polarized, frequency-

doubled output of a second pulsed excimer-pumped-dye laser, loosely focused by a 2 m 

lens. The photofragments are detected with one of two mierochanne! plate detectors, 

lying 0.67 and 1.0 m downstream of the photodissociation region respectively; the closer 

detector is movable and is removed from the beam path when the more distant detector is 

in use. Photofragments typically have enough recoil kinetic energy to scatter out from the 

beam axis, thereby missing the blocking strips placed across the center of the detectors 

(3 or 8 mm wide, respectively) to prevent undissociated radicals from impinging on the 

active area. The laboratory kinetic energies of the photofragments are generally > 1 keV, 

ensuring a high (-50%) detection efficiency for those that strike the active area. The 

detector at 0.67 m is used for photodissociation cross section measurements; the total 

photofragment yield is monitored as the dissociation laser wavelength is varied. In 

general, this yields an approximate mapping of the dissociative electronic states of a given 

radical. 

The photodissociation dynamics experiments are done using a more complex 

photofragment coincidence detection scheme. The laser is tuned to a wavelength at which 

photodissociation occurs, and the photofragments are detected with the second detector, 

1 m from the photodissociation region. This detector is a two-particle time- and position-

sensitive detector, similar in principle to the detector first developed by de Bruijn and 

Los, 3 1 although we use a coincidence wedge-and strip anode (C-WSA)8>32'33 rather than 

capacitive charge division for the position sensing. As illustrated in Figure 6.2, for each 

photodissociation event we measure the position of both fragments at the detector, 

denoted (x,, y,) and (x,, y2), as well as the time delay between their arrival, i. This 

enables us to determine the photofragment ma:ses, kinetic energy release, and scattering 

Figure 6.2 Schematic of a typical dissociation event, with the measured quantities 
necessary for calculation of fragment mass ratio. KER and recoil angle with 
respect to laser polarization labeled. 
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angle with respect to the dissociation laser polarization direction for each event as fully 

discussed in § 3.2. Because this is a coincidence measurtment, we can process at most 

one event per laser pulse; ion densities in this experiment are sufficiendy low so that this 

was not a problem. By summing over large numbers of dissociation events (2-8 x !0*), 

we have obtained branching ratios as well as translational energy and angular distributions 

for each channel observed in this experiment. 

The mass ratio of the two fragments is found by first determining 

r: = ijiXi - x0 ) 2 + (y ; - y0 ) 2 , die displacement of each fragment from 'he location of the 

radical beam center (x 0, y 0) on the detector face. The mass ratio of the two fragments is 

then given approximately by the inverse of the ratio of these displacements: 

(6.5) 

Once the fragment masses are determined, Eqns. (6.6) and (6.7), originally derived 

by De Bruijn and Los, 3 1 are used to obtain the center-of-mass kinetic energy release 

(KER) and fragment recoil angle 9, measured with respect to the polarization vector of 

the laser, for each dissociation event. 

9 = tan"1 R 
v n t 

(6.6) 

[Kt) 2

+ R

2 ] 
L-

1 + ,f"h-m,W 
X M J L 

(6.7) 

Here R = ./(jr, - x, ) 2 + (y-, — y, ) 2 Is the relative separation of the two fragments, 

M is die parent radical mass, m, and m 2 the fragment masses striking the upper and lower 

half of me detector, respectively, L the flight length, and £ 0 and v0 the primary beam 
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energy and velocity, respective^. t is taken to be positive if die upper fragment strikes 

the detector first. 

In Eqn. (6.5) die chief source of uncertainty is the dependence of r, and r 2 on an 

explicit knowledge of (XQ, y 0), the detector coordinates where the cer.u.r of mass of the 

dissociating system would be found (i.e. where the parent radical, if it had a jt dissociated, 

would strike the detector). The radical beam is about 1 mm FWHM in diameter, resulting 

in a fragment mass resolution (m/Am) of about 15 for the results reported here. In 

contrast, Eqns. (6.6) and (6.7) do not require an explicit knowledge of (XQ, y 0), and 

therefore the cent---of-mass uncertainty does not contribute to the energy and scattering 

angle, assuming the product masses can be identified unambiguously. The measured 

spatial resolution is on the order of 75 |im full-width-at-half-maximum in y and 130 umin 

x, while timing resolution is about 0.5 ns. Energy resolution as high as 10 meV has been 

demonstrated Juring calibrations using the predissociation of 0 2 through the Schumann-

Runge band,9 but is approximately 30 meV (0.69 kcalAnol, 240 cm - 1) in these studies. 

As dis ussed in Chapter 3, upon the completion of a photodissociation dynamics 

experiment, we first separate the data into different mass channels following Eqn. (6.5). 

For each channel we then construct a two-dimensional array in KER and theta into which 

each coincident dissociation event is binned. The channel specific energy-angle arrays, 

denoted here as i(£ T ,6), are determined using Eqns. (6.6) and (6.7). From this, we ob:ain 

the true joint energy and angular distribution P(£T,8) for each product channel by dividing 

by the "detector acceptance function" B(ET,Q): 

P(ET,Q) = l>(.ET,B)/MET,6). (6.8) 

The detector acceptance function accounts for the finite acceptance of the detector as a 

function of Ej and theta For example, fragments with lower recoil energies and/or values 

of theta close to 0 or 180 degrees may not strike the detector because of the beam block, 

while some high energy fragments at values of theta close to 90 degrees miss the detector 
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because of its finite size. The straightforward numerical determination of J(£T,9) is 

discussed in § 3.2.3. 

As mentioned above, the dual-wedge-and-strip anode requires an 8 mm wide 

horizontal blocking strip which shields the microchannel plates over a small region above 

the interface of the two anodes to prevent the undissociated radical beam from impinging 

on the detector face. However, it also prevents photofragments with very low center-of-

mass kinetic energy from being detected. This effect is magnified in the case of fragments 

with unequal masses. The heavy fragment scatters out of the beam more slowly than the 

light fragment and is more likely to be blocked, but both fragments must be detected to be 

recorded as a coincidence event. In order to improve coincidence detection of low 

energy, unequal mass fragments, the detector can be positioned slightly off-center 

vertically with respect to the radical beam axis. In the experiments reported here, such a 

product channel was identified early on, and the data were then collected with the center 

of the detector 1.9 mm lower than the radical beam axis. This enables heavy fragments 

that would have otherwise struck the blocking strip to clear the top edge. Because the 

correlated light fragments have a greater recoil velocity due to momentum conservation, 

they are able to travel the correspondingly larger distance necessary to clear the bottom of 

the blocking strip. The effect of this offset on the detector acceptance function is included 

in the analysis of the data. 

63 Results and Analysis 

Photodissociarion cross section measurements of the CH2N02 radical were taken 

across the wavelength range from 240 to 270 ran. The photodissociation cross section 

scans appeared to be structureless, with the cross section peaking near 240 nm and 

decreasing monotonically by about a factor of five at 270 nm. Most of the 

photodissociation dynamics data were taken at 240 nm, corresponding to a photon energy 

of 119.1 kcal/mol, where the dissociation signal was most intense. Supplementary data 
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were recorded using longer wavelengths of 255 nm and 270 nm, corresponding to photon 

energies of 112.1 and 105.9 kcal/mol, respectively. 

6.3.1 Identification of Photodissociarion Channels 

Prior to any further analysis, it is necessary to determine which fragmentation 

channels occur in the photodissociation of CH 2 N0 2 . Many channels are energetically 

allowed in the present case of CH 2 N0 2 , a six atom radical to which - 5 eV excitation 

energy is imparted. Even if only one dissociation channel is active, the analysis of time 

and position data to obtain the translational energy distribution for that channel depends 

on first identifying the masses of the photofragments produced. The presence of two or 

more active dissociation channels demands the ability to determine which channel each 

dissociation event corresponds to. 

The photofragment mass spectrum for CH 2 N0 2 at 240 nm is shown in Figure 6.3. 

Note that this plot is constructed from the data by determining the photofragment mass 

ratio in each event, and thus the fraction of the total mass M (= 60 amu) of the parent 

radical for each fragment, resulting in a mirror image about M/2. The mass spectrum 

indicates fhe presence of two dissociation channels. Although the mass resolution is 

limited, it appears that in one channel, the fragment masses are 16 and 44 amu, while in 

the other, both fragments have mass 30 amu. This would indicate that the two 

dissociation channels are (I) CH,NO + O and (H) H2CO + NO. 

In order to verify these assignments, the photofragment mass spectrum of CD 2 N0 2 

was also obtained at 240 nm, and the results are superimposed on the CH 2 N0 2 mass 

Figure 6.3 Photofragment mass spectrum from the 240 nm dissociation of the 
nitromethyl radical (CH2NO,; solid line) and the d2-nitromethyl radical 
(CD 2 N0 2 ; dashed line). Areas under the mass peaks do not accurately reflect 
the mass channel branching ratio because they are uncorrected for detector 
acceptance (see text). 
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spectrum in Figure 6.3. The differences in the two spectra upon deuteration are die 

following: the mass peak centered at 16 amu remains fixed while the mass peak at 44 amu 

shifts to 46 amu, and the mass peak centered at 30 amu broadens towards higher mass and 

appears to be centered at 31 amu. The first difference shows that the photofragments with 

mass ratio close to 3:1 indeed corresponds to (I) CH 2 N0 2 -* CH 2NO + O, since there can 

be no H/D atoms in the lighter mass fragment. Although the mass fragments from channel 

(HI), CHjN0 2 -» CH2 + N 0 2 , (14 and 46) are similar to those of channel (I), upon 

isotopic substitution the lower mass peak would shift from 14 to 16 amu, while the heavier 

mass fragment would remained fixed at 46 amu. We therefore estimate an upper limit for 

the presence of channel (III) products of 4 %. The second observed difference confirms 

the presence of channel (IT), CH 2 N0 2 -» H2CO + NO, since the dissociation products 

from CH 2 N0 2 should both have a mass of 30 amu while the deuterated analogue, 

CD 2 N0 2 , should have dissociation products with masses of 32 and 30 amu respectively. 

The deuterated mass spectrum eliminates another energetically feasible channel with 

comparable masses corresponding to 0 2 elimination, CH 2 N0 2 -» H2CN + 0 2 . The 

fragment masses of this excluded channel would change from 28:32 to 30:32 upon 

deuteration resulting in an expected narrowing of the central peak of the mass spectrum, 

contrary to our observation. This channel is assigned a similar estimated upper limit 

cf4%. 

While the mass spectra we have obtained do not show evidence for the presence of 

any dissociation channels other that the two identified above, we are unable to comment 

on channels involving extreme mass ratios because of the unfavorable kinematics involved. 

When two fragments have very disparate masses, as in the case of hydrogen bond fission, 

either the light fragment will recoil outside the maximum radius of the detector, or the 

heavy fragment will fail to clear the blocking strip, or both, depending on the recoil energy 

and angle of the event Therefore, a conceivable channel that would go undetected in our 

experiment involves loss of a hydrogen atom, forming HCN0 2 + H. Although there is no 
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literature value for die C-H bond energy of nitromethyl radical, we expect it to be close to 

die 100 kcal/mol value found for the C-H bond in CH3N02.1 S-3 4 largely unaffected by die 

open shell nature of die radical. This is quite high compared to die available energy in 

diese experiments and the energies of die channels which are known to be occurring (see 

below), so it is doubtful that this channel is active. 

6.3.2 Translaoonal Energy and Angular Distributions 

Once die photodissociation channels are identified, we can determine the center-

of-mass aanslational energy and angular distributions for each channel. The energy and 

angular distribution, !P(£T,9), for a one-photon dissociation can be expressed as 

P(ET ,9) = P(ET )[1 + p(£ r )P2 (cosG)], (6.9) 

where 9 is the angle between die photofragment recoil vector and the electric vector of die 

dissociation laser, P2(cos 6) is die second Legendre polynomial, P(Fr) is the anisotropy 

parameter as a function of translational (or kinetic) energy, and f(£T) is die angle-

integrated translational energy distribution. The anisotropy parameter P can range from 

P= +2 to (3= -1, corresponding to a cos29 distribution and a sin29 distribution of recoil 

vectors, respectively.35 

P(ETfi) is derived from the data as described in § 6.2, and, in greater detail, 

§ 3.2.4. The photofragment anisotropy parameter p(£T)j is found for each kinetic energy 

interval (ErAE/2, E;+AE/2) by performing a least squares fit to Eqn. (6.9). The AE 

intervals chosen for this procedure were 4.6 kcal/mol for channel (I) and 9.2 kcal/mol for 

channel (IT). Only when the data becomes very sparse (i.e. in die 'tail' of die KER 

distribution near die energetic limit for a given channel) do we find diat diis mediod of 

analysis breaks down. In these restricted regions, containing very litde data, we cannot 

determine p(£T). and it is assumed to be zero (implying an isotropic recoil angular 

distribution). The final step in this direct inversion analysis is to find die angle-integrated 
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tnnsluional energy distribution P(Er) at the highest energy resolution. Using the 

appropriate fHEr) as determined above, we determine P{ET) for energy intervals of 

0.575 kcal/mol in channel (I) and 1.150 kcal/mol in channel (H). These intervals are 

comparable to the instrumental resolution. 

Table 6.1 shows the energies relative to the nitromethyl radical of the two 

observed product channels in addition to the absent C-N bond fission channel The heat of 

formation of CHjNC^ is taken to be 30.4 ± 3 kcal/mol,15 while the heat of formation for 

CH 2NO has been calculated by Melius3 6 to be 43 ± 6 kcal/mol. All other thermochemical 

data are relatively well known and are obtained from Reference 34. 

Figure 6.4 shows the P(ET) distribution of channel (I)> CH 2 N0 2 -> CH2NO + O, 

at the three wavelengths used in this study, 240,255 and 270 nm. All three of these 

distributions are peaked close to zero KER, with the 240 nm distribution peaking furthest 

away at 5-8 kcal/mol. The P(ET) distributions obtained at the other wavelengths peak 

closer to zero, but larger statistical uncertainties make the exact determination of their 

maxima difficult. For this channel the lowest observable KER, because of the presence of 

the blocker, is 2.0 kcal/mol. The observed mean KERs are 11.4,11.0, and 10.8 kcal/mol 

for 240,255 and 270 nm photodissociation, respectively. These values are upper bounds 

for the true mean KER, because of the unobserved fragments with a KER of less than 

2.0 kcal/mol. Barring the presence of an excursion in the P{ET) distribution below 

2.0 kcal/mol, the overestimate in the mean KERs listed above is less than 10%. The 

maximum kinetic energy release in the 240 nm data, for which the satistical error bars are 

smallest, is 44±1 kcal/mol. This observation, combined with the well known A f H° 0 K ) of 

an oxygen atom (59.0 kcal/mol)34 and the AfHf0 K ) for CH 2 N0 2 given by Metz et al.,15 

places an upper bound on the A f H°0 K ) for CH2NO of 47±3 kcal/mol. This upper bound is 

Figure 6.4 P(£ T ) distribution plots for the CH ;NO + O photodissociation channel taken 
at die three labeled wavelengths. Error bars represent 1 a uncertainty. 

218 



A = 240 nm 

A = 255 nm 

0 10 20 30 40 50 
Kinetic Energy Release [kcal/mol] 

Figure 6.4 

219 



Product 

Channel 

Masses 
famul 

D 0 

rkcal/moll 

Av-D„ [kcal/mol] Product 

Channel 

Masses 
famul 

D 0 

rkcal/moll 240 nm 255 nm 270 nm 

0)CH 2NO + O 4 4 + 1 6 72±6 47 40 34 

Or)H2CO + NO 30+30 -33.7+3 152.8 145.8 139.6 

(IIDCH, + NO, 14 + 46 71.2+3 47.9 40.9 34.7 

Table 6.1 Some possible product channels for the ultraviolet 
photodissociation of the nitromethyl radical. On me right, the energy 
available to the products following dissociation at the three wavelengths 
used in this work are listed. Heats of formation for CH 2 N0 2 and CH2NO 
are taken from Metz et alP and Melius,36 respectively, while all other 
thermochemical information is obtained from Ref. 34. Channels (I) and (II) 
were observed as major channels in these experiments, while channel (HI), 
corresponding to C-N bond fission, was found to be absent. 

very close to the A fH° 0 K ) for CH 2NO of 43+6 kcal/mol given by Melius.36 It is well 

below the upper bound of A f H° 2 9 g K ) (CH 2N0) = 99 kcal/mol given by Beijersbergen et 

al.;26 however, in their calculations they use the most probable kinetic energy release 

rather than the maximum observed kinetic energy release. This, coupled with their 

assumption that all excess energy is measured as kinetic energy, results in a very 

conservative upper bound. 

Figure 6.5 shows the P(ET) of channel (IT), CH 2 NO : -> H2CO + NO, for 240,255 

and 270 nm photolysis. All three energy distributions have a broad peak near 55 kcal/mol, 

with a mean KER of 58 kcal/mol. High-energy tails in the P(£ T) plots extend up to about 

20 kcal/mol below the energetic limit of this channel, which is 153 kcal/mol at 240 nm. 

Upon changing photon energies, the mean KER changes very little; the major effect 

Rgure 6.5 P{ET) distribution plots for the HXO + NO photodissociation channel taken 
at the three labeled wavelengths. Error bars represent 1 a uncertainty. 
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instead is that the higher wavelength P(ET) distributions are narrower, being more strongly 

peaked near die mean KER. 

Figure 6.6 is a plot of the fragment recoil anisotropy parameter, {J, as a function of 

recoil energy, for channels (I) and (IT) as determined from the 240 nm data. P for channel 

(I) appears to be essentially zero until the upper limit of observed KER's, where the 

uncertainty associated with the measured values of (J includes zero in all but one case. (J 

for channel (II) is also found to be quite close to zero at low values of KER. Both of 

these plots are representative of the dependence of p on KER at all three wavelengths for 

the respective channels; within the experimental uncertainty, the p(E) plots did not appear 

to depend on the photon energy. We note that nearly isotropic angular distributions were 

also seen in the 193 nm photodissociation of nitromethane.18 

Channel (II) may also involve the secondary dissociation of the most highly 

internally excited portion of the H 2CO formed. The exothermicity of channel (II) is 

34 kcal/mol, so that at 240 nm (119.1 kcal/mol), fully 153 kcal/mol of energy is available 

for distribution among the products' degrees of freedom. This energy is well above the 

80 kcal/mol barrier to dissociation to H 2 + CO. Of course, Figure 6.5 shows that much of 

die available energy appears as product translation. In addition, the NO bond order 

changes from 1.5 to 2.5 during elimination, which is likely to result in vibrationally excited 

NO, further decreasing the energy available for partitioning into H2CO internal degrees of 

freedom. Nonetheless, some fraction of H2CO might be expected to possess sufficient 

internal energy to undergo secondary dissociation on the nanosecond time scale. A 

second dissociation pathway for H2CO, forming H (2S) + HCO X with very little KER, is 

expected to dominate the decomposition of H2CO much above its threshold of 

96 kcal/mol.37 In both cases, however, the kinematics are such that the velocity of the 

Figure 6.6 Recoil anisotropy factor P, determined from the data as a function of recoil 
energy £ T , for both channel (I), CH 2NO a -» CH2NO + O, and channel (II), 
CH,NO, -» H2CO + NO, at 240 nm. 
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Channel (1) Channel (II) • 

Wavelength Photon 
Energy 

CH 2NO + 0 
<KER> 

H 2CO + NO 
<KER> 

Branching Ratio 

fnm] [keal/mol] [kcal/mol] [kcal/mol] [Channel(TVChanneI(n)] 

270 105.9 11.4 59 1.19 (+0.37, -0.21) 

255 112.1 11.0 59 1.29 (+0.25, -0.16) 

240 119.1 10.8 56 1.76 (+0.27,-0.i6) 

Table 6.2 This table is a compilation of the observed data for both 
channels at the three wavelengths (photon energies) used in our 
experiments. The average kinetic energy release for each channel and the 
branching ratio measurements [expressed as the quotient 
channel (Q/channel (II)] are given. 

heavy fragment (CO or HCO) will be very close to that of the original H2CO 

photofragment, whereas the light fragment will fly out of the beam and miss the detector. 

The net result, at worst, will be a slight blurring of the translational energy distribution for 

channel (II). Even in the absence of secondary dissociation, one would not expect to 

resolve any structure in the translational energy distribution for channel (E) since two 

molecular fragments are produced. Hence, the effects of secondary dissociation on the 

overall appearance of the distribution should be very small. 

6.3.3 Branching Ratios 

Branching ratios are easily determined from the foregoing KER analysis by 

summing the area under the KER curves to obtain the total population of each channel at 

each wavelength. As can be seen from Table 6.2, the branching ratio is near unity at the 

lowest photon energy, but definitely favors channel (I), involving an oxygen atom loss, as 
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the photon energy is increased. Th». uncenainties given with these numbers derive chiefly 

from two sources: statistical error, and uncertainly in P(£T). Statistical error in each 

channel is well modeled by counting statistics. The second source of uncertainty is due 

primarily to the absence of knowledge of p\£ T) for the small amount of data found at 

energies where the P(£ T) is very low. By assuming values of p(£T) that represent the 

possible extremes in these regions, and the limits of uncertainty in the regions where P(£ T) 

is well determined, we estimate the uncertainty in branching ratio from this source. 

6.4 Discussion 

In the following di? :ussion, we compare our results for the photodissociation of 

the nitromethyl radical to t :e known photodissociation behavior of nitrc.Trethane. We 

then identify the initial electronic transition used in the excitation of CH 2 N0 2 in the 

present experiment. Subsequently, we develop the argument that the observed product 

branching ratios (particularly the absence of C-N bond fission), combined with the 

translational energy distribution for channel (II), imply that dissociation is not occurring 

via a statistical process on the ground state CH 2 N0 2 surface. Rather, NO elimination 

most likely results from nuclear dynamics on an excited state surface, aided by the 

coordinative unsaturation cf the carbon atom in the nitre-methyl radical. We will also 

argue that the other observed channel, involving N-0 bond fission, must similarly be 

occurring along an excited pathway, and we identify a plausible mechanism. 

6.4.1 Comparison to Nitromethane 

The identities of the product channels we observe in the ultravk'n 

photodissociation of the nixomethyl radical represent a significant departure from what 

one might expect based o; the known UV photofragmentation behavior of the closest 

closed-shell analogue, mrromeilufie. Nitromeiiiai.c exclusively undergoes C-N bond 

fission following UV absorption,1 8-'9-0-2 1-2 3 whereas the analogous channel [channel (III)] 
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is absent in CH 2 N0 2 photodissociarion. Instead, we have identified two major rfannrir 

channel (I), N-O bond fission, and channel (IT), the elimination of NO. Primary N-O bond 

fission has no: been observed in any collision-free nitromethane photodissociation 

experiments, although it has been observed in the niiromethane radical cation dissociative 

charge neutralization experiments of Beijersbergen a al.26 Tney also reported a minor 

channel identified as H 2CO + NOH (or HNO). Only in infrared mulnphoton dissociation 

(IRMPD) studies2 4-2 5 has the analogous CH 3 0 + NO photodissociation product channel 

been seen for nitromethane. 

Some of the differences between CH 2 N0 2 and CH 3 N0 2 can be understood in 

terms of the relevant bond dissociation energies. As shown in Table 6.1, the N-O and C-N 

bond strengths are roughly comparable in CH 2 N0 2 (= 71 kcal/mol). In contrast, the bond 

dissociation energies for the N-O and C-N bonds in CH 3 N0 2 are 95 and 60.6 kcal/mol, 

respectively.34 The slightly stronger C-N bond in CH 2 N0 2 presumably arises from the 

C-N Jt bonding interaction via the half-filled 2b, molecular orbital. The N-O bond is 

considerably stronger in CH 3 N0 2 than in CH 2 N0 2 or other related radicals: e.g., the N-0 

bond dissociation energies of N 0 2 and N 0 3 are 72.7 3 4 and 49.2 kcal/mol,5 respectivelv. 

Whi»„ the absence of N-0 fission in the UV photodissociation of nitromethane is perhaps 

not so surprising in light of the bond strengths, the preference of N-O over C-N bond 

fission in CH 2 N0 2 photodissociation is an intriguing bond selective effect worthy of 

further consideration. 

The observation of NO elimination in the UV photodissociation of CH 2 N0 2 but 

not CH 3 N0 2 is also of interest. As mentioned above, CH 3 0 + NO products have been 

seen in the infrared multiphoton dissociation of nitromethane;25 these are produced in 

competition with the products of C-N bond fission with a branching ratio of 

(CH 3 0 + NO)/(CH3 + N0 2 ) " 0.6. In these studies, the mechanism proposed for 

CHjO + NO formation was isomerization to methyl nitrite (CH3ONO) over a barrier 

involving a three-center C - N - O transition state followed by CH 30-NO bond fission, all 
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on the ground sate electronic surface of the system. Using a statistical model for the 

competition between isomerizadon and C-N bond fission, the isomerizarion barrier height 

was estimated to be 55 .5 kcal/mol. Saxon and Yoshimine38 later performed calculations 

to more fully characterize this nitre-nitrite isomerization transition state and determined 

that the C-N and C-0 bond lengths are 3.4 A and 3.65 A respectively. These bond lengths 

are very large compared with the CH 3 N0 2 ground state C-+1 equilibrium bond distance of 

1.489 A, 3 ' resulting in a transition state whose energy is calculated to be 56.7 kcal/mol, 

only 0.4 kcal/mol less than their calculated C-N bond dissociation energy. The very 

unfavorable geometry of the rearrangement transition state and accompanying high barrier 

is a consequence of the inability of the fully saturated carbon atom in nitromethane to form 

a new bond without first breaking an e -.isting bond. In the case of NO elimination from 

CH 2 N0 2 , one also expects to pass through some type of C - N - O transition state, but 

the formation of such a structure should be facilitated because the carbon atom in 

CH 2 N0 2 is coordinatively unsaturated. This effect should not be limited to the ground 

state surface. 

The dynamics involved in the NO elimination channel that we observe are also 

quite different from the above-mentioned IRMPD study of CH 3 N0 2 . In the IRMPD 

experiment, the translational energy distribution for NO elimination peaked at zero kinetic 

energy. This is the characteristic distribution for a statistical bond fission in the absence of 

a barrier in the reverse direction, and indicates that the CH3ONO well is sufficiently deep 

for "re-randomization" of the available energy to occur after crossing the isomerization 

transition state. Indeed, the heat of formation of methylnirrite is virtually identical to that 

of nitromethane (only - 2 kcal/mol higher), resulting in methylnitrite being -40 kcal/mol 

stable with respect to CH 3 0 + NO products.34 The situation in our experiment is quite 

different; the translational energy distribution for NO elimination peaks at high kinetic 

energy (around 60 kcal/mol). This implies that, regardless of the details, little or no re-

randomization occurs prior to dissociation to H ;CO + NO products. 
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6.4.2 Nature of die Initially Excited Electronic State 

In otder to have any detailed understanding of the dissociation mechanisms 

operative in CH 2 N0 2 , we need to know which electronic transition is responsible for the 

absorption band probed in our experiment. CH 2 N0 2 has a 2 B, ground state with 

molecular orbital configuration [...(8a,)2 (5b,) 2 ( l a j 2 (2b,)]. Figure 6.7 gives a qualitative 

picture of die la, and 2b, molecular orbitals as well as the unoccupied 3b, molecular 

orbital, obtained by undertaking a minimal basis set [Slater-type orbital (STO-3G)] 

geometry optimization calculation using the GAUSSIAN 88 package4 0 on CH 2NOJ. A 

low-lying excited state of CH 2 N0 2 , the / 2 A 2 state, results from the 2b ] «-la 2 transition. 

This was the excited state observed in the CH 2NOJ photoelectron spectrum,15 formed by 

the removal of an electron from the 1 a 2 molecular orbital of the anion, and found to lie 

only 36.7 kcal/mol above the ground state. Figure 6.7 shows that the 2b,<— la 2 transition 

involves excitation from a non-bonding N-0 7t orbital to a Jt orbital which is N-0 

antibonding and C-N bonding. However, because the 1 2 A 2 state lies so far below the 

photon energies used in our experiment (>105 kcal/mol) it is an unlikely candidate for the 

initial excited state. The 2b,«-5b 2 transition yielding a 2 B 2 excited state is not optically 

allowed in Cj v symmetry. Two other excited states resulting from K**-K transitions are 

more attractive options: the / 2 B, state, from the 3b3 <—2b, transition, and the 2 2 A 2 state 

from the 3b,<—la2 transition. The 3b,*—2b, transition is analogous to the transitions seen 

around 230 nm for several alkanenitronate (R'RC=N0 2) anions in solution.41 The 3b,<-

la2 transition is more localized on the NO, group than the other two transitions, and 

strongly resembles the Jt*«-Jt transition in nitromethane between 190-220 nm. This is the 

transition accessed in most nitromethane UV photodissociation experiments.18-19-20-21 

The lowest energy transitions in solvated alkanenitronate anion spectra result in 

Figure 6.7 Form of the la,, 2b,, and 3b, molecular orbitals determined from ab initio 
calculations performed on CH,N0 2 . 
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bands mat peak nev 230 nmaiid extend up to 250-260 run.41 This corresponds 

approximately with our photodissociarjon cross section measurements, alrhough the band 

in the radical appears somewhat red-shifted. The C-N bond distance in the anion ground 

state is considerably shorter than in the neutral (1.347 A vs. 1.430 A, according to our 

previous ab initio calculations15), and the Jt* orbital populated by this transition is C-N 

antibonding. One would expect the vertical transition energy to be lower in the radical 

than in the corresponding anion, so the observed red shift appears reasonable. Conversely, 

one might expect the 3bi«—^ transition to occur at a higher energy in CH 2 N0 2 than the 

it**—% transition in nitromethane because the C-N 7t* antibonding interaction in CH 2 N0 2 

is absent in nitromethane. Any blue shifting of this transition would place it well beyond 

the range of photodissociation wavelengths used in our experiments. Based on these 

considerations, we assign the / 2 B, state resulting from the 3b,«-2b, transition as the 

initially prepared excited electronic state. 

Figure 6.8 shows the energetics of the CH 2N0 2 electronic states relative to the 

dissociation channels (I), (II) and (III). The location of the / 2 B, state on this diagram is 

intended to indicate the lowest energy at which transitions from the ground state to the 

1 2 B, state occur, and is estimated according to the lowest energy at which electronic 

excitation of CH 2 N0 2 leads to dissociation. According to the matrix isolation study of 

Jacox,11 the dissociation threshold is known to be between the wavelengths of 300 nm 

(4.13 eV) and 280 nm (4.42 eV). We therefore place the ; 2B, state (somewhat 

arbitrarily) at 4.25 eV. The energetics of low lying electronic states of channels (I) and 

(TIT) are also shown; the excited states of CH2 and N 0 2 are reasonably well-characterized 

Figure 6.8 Energetics of the nitromethyl radical and selected energetically allowed 
product channels (not all products shown are observed). States whose 
energies are known relatively well are represented by solid lines located at 
their origin, while a dashed line is used to denote the approximate location of 
the / 2 B, state (see text). 
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experimentally, while the locations of the ground and first excited states of CH 2NO are 

from an MP4-BAC ab initio calculation by Melius.36 

6.4.3 Dissociation Mechanisms 

Our assignment cf the electronic transition accessed in these experiments offers an 

immediate if somewhat unspectacular reason for the different product channels seen in the 

CH2N0 2 and CH3N02photodissociatDn experiments. In nitromethane dissociation, the 

JI* state accessed near 200 nm, which correlates diabatically to CH 3 + N 0 2 (2 2 B 2 ) 

products, is believed to be predissociated by a a* repulsive state of the same symmetry 

that correlates to lower energy CH 3 + N 0 2 (/ 2 B 2 ) products. Since we believe we are 

exciting a qualitatively different transition in CH2NG2, involving a different excited state 

surface, this mechanism would not be operative. It remains to be understood how 

CH 2 N0 2 does dissociate, and this will now be considered in detail. 

6.4.3.1 Possible Role of Ground State Statistical Dissociation 

To explain product branching ratios and translational energy distributions in a 

given photodissociation experiment, a simple model to consider is rapid internal 

conversion to the ground state potential energy surface. One should then be able to 

predict the product branching ratios by a statistical model such as Rice-Ramsperger-

Kassel-Marcus (RRKM) theory. 4 2' 4 3 Such a statistical treatment was successfully used by 

Wodtke et at. to interpret the IRMPD of nitromethane.25 Figure 6.9 shows a schematic of 

the potential energy along the reaction coordinates for channels (I)-(in) on the ground 

state surface of CH2NO,. We would expect "loose" transition states for the simple bond 

fission channels CO and (III), and a "right" transition state, presumably involving a three-

Figure 6.9 Schematic of the adiabatic minimum energy pathways to all three product 
channels on the ground state surface of CH 2 N0 2 . 
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membercdC-N-O ring, for NO elimination channel (II).*4 Tbe high kinetic energy 

release associated with channel (ID is consistent with passage over a barrier associated 

with the tight transition state, while the translations! energy distribution for channel (I) 

peaks near zero, the expected "statistical distribution" for simple bond fission (perhaps 

ever a small barrier in the reverse direction, consistent with the P{Er) distribution 

maximum at several kilocalories per mole.) However, ground state CH 2 + N 0 2 correlate 

to the ground state of CH 2 N0 2 both diabatically and adiabatically. This means there 

should be no barrier to the CH 2 + N 0 2 recombination reaction, so the loose transition 

state associated with C-N bond fission will lie about 71 kcal/mol (i.e. the bond dissociation 

energy) above the CH 2 N0 2 well. Since the N-0 and C-N bond dissociation energies are 

very close, the transition state for channel (I) must also lie at least as high; it will be 

higher if there is a barrier along the reaction coordinate for channel (I). In addition, the 

preexponential A factor in the Arrhenius rate equation for the C-N bond fission channel 

will be larger since channel (III) yields two polyatomics, as opposed to a polyatomic plus 

an atom, and will thus have a greater gain in entropy on going from the reactant to the 

activated complex.43 Thus, even with no barrier to N-O bond fission above the bond 

dissociation energy, we expect a statistical model to yield a greater rate of C-N bond 

fission than N-0 bond fission. This is incompatible with the absence of C-N bond fission 

products ooserved in the present experiment and immediately indicates that the N-0 bond 

fission channel cannot be explained by statistical dissociation on the ground state surface. 

We shall return to this channel subsequently. 

While it appears certain that a statistical dissociation on the ground state surface 

cannot explain all of the observed dissociation dynamics, it may be possible that N-0 bond 

fission [channel (I)] occurs on an excited state surface, while rearrangement and 

elimination of NO [channel (II)] is statistically favored on the ground state surface and 

dominates C-N bond fission [channel (111)] once on that surface. This requires that the 

RRKM rate constant for NO elimination at a reasonable barrier height be substantially 
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larger taan that for C-N bond fission. We have performed RRKM calculations45 for the 

two channels to test if this is plausible. 

RRKM theory is the most widely accepted and generally employed method of 

describing and modeling unimolecular decomposition processes. It is based on two 

assumptions: that vibrational energy is randomized rapidly on the rime scale of a reaction 

throughout all vibrational degrees of freedom; and that all trajectories of a system which 

cross a judiciously chosen surface separating reactants from products are considered to 

have irreversibly reacted. RRKM theory therefore allows the rate of reaction at a given 

energy to be expressed as: 

k(£) = JL<£> (6.10) 
hp{E) 

Here, W'fE) is the sum of internal states of the dissociating complex at the transition state, 

and p(£) is the density of states of the reactant. Because any recrossing of the dividing 

surface is neglected by the second assumption given above, a slight overestimation of 

reaction rate can result. Therefore, this expression is strictly speaking an upper bound. 

The parameters required to undertake the sum- and density-of-states calculations 

which are necessary to evaluate Eqn (6.10) are the vibrational frequencies, and parameters 

that describe any internal rotational degrees of freedom present in either the reactant or 

the transition state. While these quantities are usually well known for the reactant, 

transition states are often not as well characterized. Fortunately, it is generally 

acknowledged that the calculated RRKM unimolecular decomposition rate is insensitive to 

the exact values given the vibrational frequencies in the critical configuration, so long as 

they are consistent with the correct high-pressure preexponential A-factor. 
The high-pressure preexponenrial A-factor, denoted A,,, in Eqn (6.11 ), 4 6 

C = A_exp<! -^4 (6.11) 
kBT 
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can be ito>tnized as me pteexponeniial term in me familiar Arrbenius rate equation. Itis 

at hitb pressures mat collisionally activated unimolecular decomposition truly follows 

first-order kinetics, since the rate limiting step will not be the second order (bimolecular) 

activation process. Values of A^ and £„» are determined experimentally by examining the 

temperature dependence of reaction rates under high pressure conditions. 

The Aoo factor is related to the change in entropy on going from the reactant to the 

activated complex in the following way: 

For this reason 'loose' unimolecular decomposition transition states involving a long 

separation of incipient fragments, conversion of vibrational modes to hindered rotors 

and/or a net lowering of remaining vibrational mode frequencies relative to the reactant 

molecule have large A ^ factors. 

Since we know all the reactant vibrational frequencies from the works ofJacox 

and Metz et al., we then calculated vibrational frequencies for the critical configurations 

that are consistent with the expected A-factors for the individual processes under 

consideration. Vibrational frequencies for the tight three-center transition state in NO 

elimination were chosen to yield a preexponential log,0 A-factor in the Arrhenius rate 

expression of 13, based on comparisons to previously determined values for comparable 

types of unimolecular decompositions.43'47 The vibrational frequencies in the transition 

state for C-N bond fission were chosen to be consistent with a log 1 0 A-factor of 15.6, 

determined by Benson and O'Neal from the analysis of kinetics data.4 8 The program 

AFAC*9 is used, which calculates the A-factor associated with changing from the known 

reactant frequencies to a proposed set of frequencies for the critical configuration. By 

iterarively varying the proposed critical configuration vibrational frequencies, one can find 
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a set of frequencies that is realistic and which results in the desired A-factor. These 

vibrational frequencies were then used in RRKM rate calculations. 

In our RRKM rate calculations, all vibrations were assumed to be separable 

harmonic oscillators. The rotational temperature was estimated to be 50 K, which is 

consistent with previous experiments using this apparatus.6-7'8-5 The overall rotations were 

treated adiabatically, so that the change in moments of inerrial from reactant to critical 

configuration served only to modify slighdy the energy available above the barrier to a 

particular decomposition pathway. 

The moments of inertia for the reactant, CH 2 N0 2 , were obtained from the 

geometry calculated by Metz et a/.' 5 For the C-N bond fission critical configuration, 

moments of inertia were calculated assuming a C-N bond distance of 2.3 A, 5 0 with both of 

the nascent CH 2 and N 0 2 fragments having the same bond lengths and angles as the 

respective free molecules. The critical configuration for the isomerization-elimination 

channel was taken to be an equilateral C - N - O ring, with the second oxygen extending 

out from the nitrogen, bent out of the plane of the ring by 60°. The change in available 

energy due to change in moments of inertia, and thus changes in rotational energy, on 

transforming from reactant to transition state geometries was very small compared to the 

overall excess energy in all cases. 

The most informative results from our RRKM calculations are shown in Table 6.3. 

First, the statistical rates of C-N bond fission at the three different wavelengths used in our 

study are reported. Then, the rate of the rearrangement-elimination channel is examined 

by assuming several values for the height of the barrier to a possible ground state 

rearrangement. We find that even for a barrier as low as 10 kcal/mol with respect to 

ground state CH 2NOj, NO elimination is only four rimes as fast as C-N bond fission at 

^•iss = 240 nm. This is the dissociation wavelength where our signal-to-noise ratio is best, 

and we would definitely observe C-N fission were it occurring to this extent Moreover, a 

10 kcal/mol barrier is not consistent with the translational energy distribution for the NO 
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Channel k)gIOA-factor 

[kcal/mol] [kcal/mol] 

£ t 

[kcal/mol] 

Harmonic k(£) 

[10" s-1] 

CH, + NO, 15.6 105.9 71.1 34.8 0.223 

15.6 112.5 71.1 41.4 0.487 

15.6 119.1 71.1 48.0 0.931 

H,CO + NO 13 105.9 10 95.9 3.62 

13 112.5 10 102.5 3.81 

13 119.1 10 109.1 3.99 

H,CO + NO 13 105.9 30 75.9 0.444 

13 112.5 30 82.5 0.531 

13 119.1 30 89.1 0.621 

Table 6.3 The results of several RRKM calculations which were 
performed to investigate the possibility that the experimentally observed 
products could be a result of statistical unimolecular decomposition on the 
ground electronic state of CH2N02. Specifically, the statistical rate for 
channel (III), C-N bond fission, is calculated and compared to that of 
channel (II), the rearrangement-elimination channel, at two different values 
of the main unknown quantity, the barrier to channel (II). The labels £*, 
£ 0 > and E~ refer to the photon energy, the energy below which classical 
reaction cannot occur, and the difference between the two, respectively. 
See text. 

elimination channel. This distribution peaks around 60 kcal/mol (see Figure 6.4), 

indicating that the barrier with respect to the products is at least this high. Since NO 

elimination from CH2N02 is exothennic by 33 kcal/mol, the barrier height with respect to 

CHjNOj must be at least 30 kcal/mo!. For this barrier height, statistical C-N bond fission 

on the ground state surface is faster than NO elimination at 240 nm. Judging by the 
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observed P(Er) distribution for this channel, the true barrier height is probably larger than 

this. A barrier of 30 kcal/rnol with respect to CH2N02 implies that the potential energy at 

the barrier must be very efficiently channeled into product kinetic energy, and this is 

unlikely considering how strained the transition state must be with respect to the products. 

Our calculations therefore imply that in the statistical limit, elimination of NO cannot be 

the dominant dissociation channel on the ground state. While there is considerable leeway 

in some of the assumptions made in our analysis, this conclusion seems quite secure. 

One final scenario that deserves attention is the possibility that statistical C-N bond 

fission does occur from the ground state but that the statistical kinetic energy release 

distribution peaks so sharply near zero that detection of the products is overwhelmingly 

diminished by the blocking strip at the center of the detector. 

For molecules the size of CH2N02, a 'prior distribution' model51 can be used to 

give a reasonable approximation of the statistical product translarional energy distribution. 

By comparing this distribution to our known low kinetic energy cut-off, we can determine 

if the products from statistical C-N fission will be undetected. 

As given by Levine,51 the p ior distribution has the form: 

f ( £ l / r ) - / r ' 2 - a - / r ) ' \ (6-13) 

where for a given total energy £ , / r is the fraction of energy found in translation (i.e., 

fT = E-jlE). The exponent a is found using 'jie formu'.a a = s -1 + ru, s being the number 

of vibrational modes and r the number of rotational degrees of freedom in the products. 

For channel (III), CH2N02 -»CH2 + NO,, s = 6 and r = 6 so a has the value of 8. At a 

dissociation wavelength of 240 nm this results in the predicted (ranslational energy 

distribution shown in Figure 6.10. Since the mass ratio is very similar between channel (Q 

Figure 6.10 The translational energy distribution predicted by a prior distribution 
calculation for the channel CH;NO. -* CH; + NO, at 240 nm. 
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and channel (111) products, die blocking-strip-induced low kinetic energy release cut-oft 

for the CH2 + N0 2 products will be virtually the same as in channel (I), shown to be 

~2 kcal/mol in Figure 6.4. Figure 6.10 clearly shows that a large fraction of the 

translation energy distribution extends out well past 2 kcal/mol. We are thus very 

confident that C-N bond fission is not occurring to any significant extent. 

6.432 CH^02-* H2CO + NO Dissociation Mechanism 

We are left with two options regarding channel (II). Either it proceeds on ground 

state surface in a highly non-statistical (i.e., mode-specific) fashion, or it results from the 

nuclear dynamics on one or more of the excited state surfaces. Given the considerable 

molecular rearrangement necessary to produce the observed channel (IT) products, in 

contrast to the very direct C-N simple bond fission channel, the first option seems quite 

uniikely. This suggests the existence of a mechanism ,.i excited state surfaces that would 

facilitate dissociation to channel (II) products. After presenting and discussing such a 

mechanism, we then consider the mechanism for dissociation channel (I), which, based on 

the above discussion, also most likely occurs on an excited state surface. 

Figure 6.11 depicts the likely nuclear dynamics for the rearrangement-elimination 

process of channel (II), irrespective of the details of the potential energy surfaces involved. 

This channel presumably involves (a) rotation of the CH2 plane perpendicular to the N0 2 

plane, (b) oxygen atom transfer though a C-N - O three-membered-ring, and (c) 

elimination of H2CO from NO. We note that steps (a) and (b) are the first steps in the 

mechanism proposed by Yamada and co-workers52-53 for the photochemical rearrangement 

of R'RC=N02 anions in solution as a synthetic route to the corresponding hydroxamic 

acids [i.e. RC(0)-N(OH)R]. In their mechanism, as applied to CH2NOJ, the anion first 

Figure 6.11 Nuclear dynamics presumably involved in channel (IT) rearrangement-
elimination mechanism resulting in the reaction CH,N02 -» H2CO + NO. 
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itndtefoesxV-xemtirkM correspond^ to one electron beu^ 

HOMO to the 3b, molecular orbital (see Figure 6.7). The subsequent dynamics involve 

CH 2 moiety rotation, which minimizes the C-N antibonding interaction, formation of a 

three-membered oxaziridine ring as an oxygen atom is transferred from nitrogen to carbon 

atoms, and finally hydrogen atom migration resulting in the observed net isomerizarion 

from CH2NOJ to HC(0)N(0)H~. The similarities between the observed rearrangement-

elimination products in the neutral CH 2 N0 2 radical and the postulated CH^NOJ anion 

rearrangement dynamics are compelling. Not only are the nuclear motions in the initial 

two stages of the anion rearrangement mechanism very similar to what must occur in the 

rearrangement-elimination channel observed with nitromethyl radical, but the initial 

electronic transition is proposed to be the same in each case (as discussed in § 6.4.2). 

Although the anion has an additional 2b, electron in both the ground and excited 

states, one expects the / 2 B, state in the radical to be significantly stabilized by a 90° 

internal rotation about the C-N bond for the same reason as in the anion: reduction of the 

C-N antibonding interaction as a result of the half-filled 3b, orbital. The resulting 

stabilization may be greater in the radical because there is no half-filled C-N it-bonding 

orbital as there is in the anion excited state, or it might be smaller due to the larger C-N 

bond distance in the radical. In any case, let us consider what effect the 90° internal 

rotation might have on the relevant molecular orbitals in the excited state. Figure 6.12 (a) 

shows the 3b, molecular orbital after the internal rotation has occurred. While this orbital 

has some amplitude on the carbon atom in the planar geometry, it becomes an orbital 

localized on the N 0 2 group in the 90° geometry, leaving the p-orbital on the carbon atom 

perpendicular to the CH 2 plane empty. This geometry places an excess positive charge on 

Figure 6.12 (a) The form of the 3b, molecular orbital following a 90° internal rotation, 
(b) Top view of CH 2NO, subsequent to internal rotation, showing how a 

C-0 bond may form from the interaction of the 5b2 oxygen atom lone 
pair molecular orbital with the empty p orbital on the carbon atom. 
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the carbon atom and corresponding excess negative charge on theN0 2 today. This 

should facilitate formation of the three-member C - N - 0 ring intermediate, since the 

lone pair on either of the oxygen atoms in the N 0 2 plane [see Figure 6.12 (b)] will be 

attracted to the empty orbital on the electron-poor carbon atom, forming an O-C bond. 

Figure 6.12 may be somewhat of a simplification in thatrehybridization of the nitrogen 

atom may occur subsequent to internal rotation, resulting in an sp 3 hybridization with a 

lone pair of electrons localized on the nitrogen, but this does not affect the overall 

argument 

As far as the energetics along the rather complex reaction coordinate associated 

with the nuclear dynamics depicted in Figure 6.11 are concerned, we expect the highest 

energy geometry to occur either en route to formation of the three-member ring, or at the 

three-member ring itself. While one might wonder if the three-member oxaziridine ring 

represents a local minimum, prior theoretical studies53 suggest that the structurally 

identical intermediate postulated for C H 2 N 0 2 rearrangement is unstable. In addition, 

only oxaziridines having aryl-, alkyl-, H-, or acyl-substituted nitrogen atoms have been 

isolated; no stable oxaziridines with O-substituted nitrogen atoms (i.e. the current case) 

are known.5 4 In any case, regardless of the exact location of the barrier aL>:ig the reaction 

coordinate, we expect it to lie well above ground state H2CO + NO products, consistent 

with the high translational energy seen for this channel. On the other hand, the geometry 

found at the barrier is only beginning to resemble the products, and as a result there should 

be extensive internal excitation found in the products. This implies that the actual barrier 

height with respect to the products is significantly higher than the minimum value of 

-60 kcal/mol implied by the translational energy distribution. 

The central element in the above mechanism is that the coordinatively unsaturated 

carbon atom provides a relatively facile pathway for NO elimination. Such a pathway 

does not exist in CH 3 N0 2 , consistent with the absence of NO production as a result of 

electronic excitation. More-over, other examples of dissociation channels analogous to 
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channel (D) in our study have been observed in which the carbon atom in the parent 

molecule is unsaturated For example, in the experiments of Beijersberjen a al.?* three 

structural isomers of nitromethane radical cation and their deuterated analogs were 

neutralized by resonant charge exchange. This process forms tlie neutral with a significant 

amount of excitation (6.9 e V for Na and 12 eV forCs charge exchange). Below are the 

structures of two of the isomers studied, nitromethane 1 and its tautomer, aci-

nitromethane 2: 

OH OH 

\ ©/ N 0 C N 

O H 
\ 

0° 

Rearrangement followed by elimination of NOH (or HNO) was found to be the major 

pathway only upon charge exchange neutralization yielding the aci form of nitromethane, 

which contains a CH 2 group rather than a CH 3 group bonded to the nitrogen atom. Also, 

in the recent study by Galloway et a/.5 5 of the UV photodissociation of nitrobenzene, NO 

elimination was observed, along with both C-N and N-O bond fission. While nitrobenzene 

is a closed shell molecule, the carbon atom bound to the N 0 2 group is coordinatively 

unsaturated, and this may enhance the NO elimination channel by the mechanism discussed 

above. 
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6.4 J 3 CH£J02~* CHjNO + O Dissociation Mechanism 

Having proposed a possible mechanism by which channel (D) proceeds to 

products, the next step is to determine whether the absence of C-N bond fission and the 

presence of N-0 fission can also be explained in terms excited state dynamics. We first 

consider why C-N fission might not readily occur from the initially accessed 1 *B| state. 

As shown in Figure 6.8, the three lowest lying C-N bond fission channels which could 

correlate to this state in Cj v symmetry are (Ilia) CH 2 (X 3B,) + N 0 2 (X 2A,), 

(fflb) CH 2(£ >B,) + N 0 2 (X 2A,), and (me) CH 2(5 'A;) + N 0 2 (/ 2B,). The observed 

absence of C-N bond fission in our results requires that there is no low energy pathway for 

dissociation of this state to the ground state fragments [channel (Ilia)]. If we examine 

how the molecular orbitals of the parent molecule correlate with those of the fragments, 

we indeed find that the ground state fragments correlate diabatically (and adiabatically) 

with the X 2 B, state of CH 2 N0 2 and not with the / 2 B, state. Hence, channel (IIIc) is the 

lowest C-N bond fission channel to which the / 2 B, state can correlate diabatically. This 

channel lies 45 kcal/mol above the lowest CH2NO + O channel. C-N bond fission is 

therefore less favorable than might be expected at first glance, and any additional barrier 

along the reaction coordinate further reduces the expected contribution from this channel. 

To complete the overall picture, we need to identify a facile dissociation pathway 

to N-O bond fission consistent with the observed translational energy distribution. This 

distribution, which at 240 nm peaks at less than 15% of the available kinetic energy, 

indicates that the surface on which dissociation occurs is not strongly repulsive along the 

N-0 coordinate. We first consider which electronic states of CH 2 N0 2 might lead to 

CH 2NO + O production. The geometry of the ground state of CH2NO calculated by 

Balakina et a/. 5 6 is shown in Figure 6.13. This radical has C=N double bond character, 

Figure 6.13 Geometry of ground state CH2NO, as determined in Ref. 56. Bond lengths 
are in Angstroms, bond angles are in degrees. 
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while the HOMO of the / 2 B, state of CH 2 N0 2 (the 3b, molecular orbital) is C-N x 

inribonding. Hence, the / 2 B, state should not diabatically correlate to die ground state of 

CH2NO. On the other hand, the / 2 A 2 state has a C-N double bond and lies well below 

the CH2NO + O asymptote. Moreover, the C-N double bond makes dissociation to 

CH 2 + N 0 2 unlikely. Dissociation to CH2NO + O from the / 2 A 2 state therefore presents 

an attractive possibility. 

The next issue to address is the mechanism which allows the radical to transfer 

onto the 1 2 A 2 surface after initial excitation to the I 2 B, state. The molecular orbital 

occupancies for these states in the planar geometry, ...(la 2)(2b,) 2 for the former and 

...(la 2) 2(3b ]) for the latter, differ by two electrons, and are therefore coupled only by the 

configuration interaction term in the electronic Hamiltonian. This coupling should be 

strong only in the vicinity of an intersection between the two surfaces; such an 

intersection can be brought about by internal rotation about the C-N bond. As discussed 

above, mis torsional motion is expected to stabilize the initially excited / 2 B, state. In 

contrast, it should strongly destabilize the / 2 A 2 state as it disrupts the C-N double bond in 

the planar geometry. One can therefore imagine a crossing between the two surfaces at an 

internal rotation angle between 0° and 90°, as shown in Figure 6.14. The radical has no 

symmetry at the intermediate angles, so these would actually be avoided crossings, with 

the adiabatic surfaces repelling each other near where the intersections would occur in the 

absence of configuration interaction. 

However, it is perhaps easier to think about die overall dynamics in terms of 

diabanc surfaces. If, at the crossing points, the radical remains on the initial diabatic 

surface, it will continue to undergo internal rotation until it reaches the 90° geometry, at 

which point NO elimination is most favorable. On the other hand, it can undergo a 

Figure 6.14 Schematic of the potentials for the / 2 B, state and the J 2 A 2 state along the 
torsion coordinate. 
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transition to the diabatic surface which correlates to the / ^ state in the planar geometry. 

Such a diabatic transition would most likely result in a highly vibrarionally excited 

molecule. If we apply the concepts developed for statistical dissociation on ground state 

surfaces to this situation, we would expect that dissociation to fragments with high kinetic 

energy is unlikely because the 1 2A2 state is strongly bound with respect to CH2NO + O. 

This is consistent with our observed distribution. However, a translational energy 

distribution described by phase space theory would peak very close to zero, while ours 

actually peaks at 5-8 kcal/mole. This may indicate a small barrier to N-0 bond fission. 

Alternatively, peaking away from zero may indicate that the dissociation rate is sufficiently 

rapid as to render the statistical perspective somewhat inappropriate. 

Overall, the picture we are proposing to explain the photodissociation of CH 2 N0 2 

is that the important nuclear dynamics are occurring on excited state potential energy 

surfaces. In particular, torsional motion on the initially excited surface plays a major role 

in the two observed dissociation channels, and the outcome depends on whether a diabatic 

transition occurs while the radical is undergoing internal rotation. We acknowledge that 

aspects of these mechanisms are somewhat speculative. Nonetheless, as the overall 

scheme is consistent with the experimental results, it should at least provide a starting 

point for more detailed experimental and theoretical studies of this species. We believe 

that ab initio investigations of the excited states of CH 2 N0 2 would be particularly helpful 

in assessing some of the ideas put forward here. 

6.5 Conclusions 

We have studied the photodissociation dynamics of the CH 2 N0 2 radical at three 

wavelengths: 240,255, and 270 nm. We have measured branching ratios for the various 

dissociation channels, as well as translational energy ami irgular distributions for each 

major channel We observe only two channels and find these have comparable yields: 

(I) CH 2 N0 2 -> CH ; NO, + O and (II) CH,NO, -> H2CO + NO. No C-N bond fission is 
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observed. These results are in sharp contrast to the ultraviolet photodissocianon of 

nitromethane, which undergoes exclusive C-N bond fission near 200 nm. We have 

assigned die electronic transition in these experiments to the / ZBj^-X 2 B, transition, in 

which the 2b, C-N rt-bonding electron is promoted to the 3b, it* molecular orbital An 

analysis of the observed branching ratios and translational energy distributions indicates 

that statistical dissociation on the ground state surface is most likely not occurring, and 

mat both of the observed channels are occurring on excited state surfaces. Mechanisms 

for both channels are proposed in which the initial nuclear dynamics involves internal 

rotation about the C-N bond in the initially excited state. A 90° internal rotation facilita'ss 

formation of the three-center C - N - O transition state needed for NO elimination, while 

internal rotation also provides a reasonable coupling mechanism between the / 2 B, and 

lower-lying / 2 A 2 surface, with N-0 bond fission occurring on the latter surface. 
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Appendix A 

FRBM—The Ion Mass Spectrum and Total Photodiaotiation Cra* Section 

Experiment Control and Data Acquisition Program 

This Appendix presents FRBM the data acquisition program used both to collect 

ion mass spectra (see § 2.6.4.1) as well as radical total photodissociation cross section 

spectra (see § 2.7.5). Both option: :vt invoked as selections from the main menu. Other 

main menu items include provision for 'manual' control of the lasers, setting experimental 

parameters, plotting and file manipulation. Sub menus are found within these opnons. In 

addition to the source files listed below, several units supplied by Turbo Pascal are 

compiled into the program, such as crt, dos and graph. A third-party unit, graphadd, 

allows extra printing capabilities. A file containing routines for interface to the CAMAC 

crate, namely camturbo.v4, must be compiled as an include file. Far calls must be disabled 

via compiler directive in the sections where this file is included. See the Turbo Pascal 

manuals for details and ramifications. 

1 Description of Files 

frlmpas Contains the list of units to be built into the program; calls initialization 

routines, followed by the main menu. 

init_ovr.pas Initializes the Turbo Pascal overlay manager to automatically overlay all 

units in frbm.pas marked with the compiler directive $0+. 

initial.pas Initializes all parameters necessary for the program to run properly, 

checks with the user that the system knows the proper date and time for 

the .log files that will be made, insures subdirectories for data exist (or 
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t them), installs external graphinj units and initializes GPIB 

controller and the dye lasers. 

nuintnenu.pas Resents the user with an array of menu items, calling the routine 

corresponding to the selection made by the user. 

globals.pas Declares ali variables, constants, data types, strings, etc. that need to be 

shared among units. 

utility.pas This is a catch-all unit which includes somewhat common functions and 

procedures that can be called from other units. The general headings that 

are included here are: math, user input, saving and reading data files, and 

'miscellaneous' 

insgrdrv.pas Installs the third-party graphics driver that allows us to print to the 

laserwriter from within the program 

grafutil.pas A pared-down version of graphlib.tgt (written by William Polik) modified 

to include routines from the Turbo Pascal graph unit where possible. 

txsplot.pas Handles plotting for total photodissociation cross section data, including 

raw photodissociation signal, detached electron signal, laser power signal 

and normalized signal. 

tofplotpas Provides plots of ion signal vs. time-of-flight. 

plotutil.pas Contains routines allowing plots to be sent to the laserwriter from within 

the program. 

parameters.pas Searches for and reads in a setup file containing initial parameters for 

experiments. If this file is not found it prompts the user for this 

information and allows such a setup file to be written. 

dyelaser.pas Allows full control of the detachment (grating) and dissociation (grating 

and etalon) dye lasers via GPIB interface. 

twkplot.pas Provides graphical representation of the status of the various measured 

quantities (photodetached electrons, laser power, dissociated radical 
257 



signal) measured via thecharje sensitive A D C s . Useful for efficient 

'tweaking' o f various parameters to improve output of these signals, 

txsjexp.pas Controls die total cross section scanning and data acquisition and related 

routines such as the signal tweaking mode. 

tof_exp.pas Controls the data acquisition during ion time-of-flight experiments. 

gpibutiLpas Contains utilities for use with the National Instruments GPIB controller, 

which is used primarily to interface with the dye lasers, 

tpdecl.pas Contains declarations necessary for GPIB operation. 

2 Source Code Listing 

2.1 frbm-pas 

f frbm.pas } 

( This program is a result of major modifications, additions, deletions and revisions to 
the ACROPOLIS program originally written by J. G. Loeser to control an experiment 
with similar components. It has been upgraded to version 5.5 of Turbo Pascal, and 
the include files converted to separate units. Overlays are used to enable the program 
to be quite large. Graphics routines from TP are now used, with the small number of 
useful routines from the old graphlib unit now found in grafutil. Graphics drivers 
from Graf/Drive Plus have been utilized to allow graphing directly to our PostScript 
LaserWriter from within the program. 
Questions that may arise concerning various aspects of this code can be addressed by 
the appropriate section of either the Turbo Pascal 5.5 Reference Manual or Users 
Guide supplied by Borland, which are altogether quite helpful. 

r * * * * * * * * * * * * * v * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i 

( main program FRBM ) 

program FRBM (input, output); 

(SF+) 

(SM 16384,200000300000) 

uses overlay,init_ovr.initial,mainmenu: 

(SO initial) 
(SOglobals) 
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(SO«*cyl 
ISOmipOrv] 
(SOfnfatil} 
JSOwplot] 
{SOiofpta) 
{SOptowilJ 
{SO parameters} 
{SOdydner) 
{SOiwkpkx] 
{SOcxs_exp) 
[SOiofmiJ 
(SOmainmenuJ 

begin { main program FRBM ] 

initiaIize_ovr, 
initialize; 
main.menu: 

end. [ main program FRBM J 

2.2 init_ovr.pas 

(init_ovr.pas 

{contents: 
(procedure initialize_overlay 
( initializes overlay 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

unit init_ovr: 

(SF+) 

interface 

uses overlay; 

procedure iniualize_overlay; 

t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * W W * * * * * * * * * * * * * * * * * * * * * * 1 

implementation 

procedure initialize_over!ay; 
const 

OvrMaxSize = 40000; 
var 
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OiiWit: SrtntfWl; 
Siae: Lonjlat 

befit 
ChrNMte:«'bbnuovr'; 
repeat 
Ovrtait(OvrName); 
if OvrRcfuk * ovrNotFound then 
befia 

wriieln f Overlay foe not found;', Ovmame): 
wriie (Enter correct overlay file name:'); 
readln (OvrName); 

end; 
until OvrResult o ovrNotFound; 
if OvrResult o ovrOK then 
begin 
writeln COverlay Manager Error!'),-
if OvrResult = ovrNoMemory then 

begin 
writeln CNot enough! memory for overlay buffer'); 

end; 
Haltf.1); 

end; 
OvrSetBuf(OvrMaxSize); 
if OvrResult o ovrOk then 

begin 
case OvrResult of 

ovrErron writeln ('Overlay manager error'); 
ovrNoMemory: writeln CNot enough memory for extra overlay buffer size1); 

end; 
write ('OvrResull = ' , OvrResult,'. Press <enter> to continue...'): 
readln; 

end; 
end; ( procedure initialize_overlay ) 

end. ( unit init_ovr) 

2.3 initial.pas 

{initial.pas J 

( contents: ) 
{ procedure initialize } 
( initializes everything (except for overlay manager) ) 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 * * * * * * * * * * * * \ 

unit initial; 

ISO+) 
(SF+) 
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merfice 

UKS gveriiyjk3b«U4»jnieieiiJyeU>er/iuIayj;i<)itiljx^)toMO<ptoc. 
|/locntiljnscnbv4n(ih«nplisdi<.KiaIauLCRTJX)S: 

procedure cbeck_3itie; 
procedure fet_dat?jpiir (e>cperirneni_type: inieger): 
procedure initialize; 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

implementation 

procedure check_time: 
var 

date, time: string; 
begin 
clrscr: 
form_date_and_time_strings (date, time); 
delete (time, 6,3); 
GoToXY (1,6); 
TextColor(14); 
writein fit is important for the log file to have the ', 

'correct time and date.'); 
writein; 
writein (If it is (approximately)', time,' on (exactly)', date, 

' then continue.'); 
writein; 
writeln ('If not, quit to DOS and set correct time and/or date.'); 
if not ask_continue then 

begin 
clrscr, 
TextColor(lS); 
halt(l); 

end; 
end; 

procedure get_data_path (experiment_tyi^;: integer); 
var 
date, time, user_data_palh, active_directory : string; 

begin 
case experiment_type of 

txs: 
begin 

clrscr, 
GoToXY (1,10); 
getdir (0, acuve_directory); 
form_daie_and_time_strings (date, time); 
txs_data_path := 'c:\turbo\frbm\nm'; 
writein (Please enter the full path to the directory where', 

' total photodissociation'); 
wriieln; 
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wrMa Ccm* *K*iM 4 m skoaU be Hand."): 

w M i CAM pant c< * e par* w i * * e excepcioa of dK Int. 
* wMirecsxy *cwJd*); 

wrnclfi: 
•rile (jbesdy exist [crSnrticMrbnVwm]: y. 
readl* (ufer_d»a_p*di); 
if leaflh {nser_datt_pMh) > 0 then 
begin 

{ mike sure sub directory exists or is created ( 

cbdir (user_daa_p«h); 
if IOResult o 0 dien 

bejir 
mkiiir (u$er_diu_ptth); 
iflOResulioOlhen 

begin 
wriiein CPath to data directory is invalid. You must try again.'); 
wriiein; 
get_data_path (Dts); 

end; 
end; 

txs_data_path := user_data_path; 
end; 

txs_data_path := txs_data_path + \ + date; 
chdir (txs_data_path); 
if IOResult o O then 

begin 
mkdir (txs_data_path); 

end; 
(SI+) 
chdir {active_directory); 

end; 

tof: 
begin 

clrscr, 
GoToXY(l.lO); 
getdir (0, active_directory); 
tof_data_path := 'c:Nturbo\frbm\nmNtof; 
writeln (Please enter the full path to the directory where', 

' time of flight mass'); 
writeln; 
writeln ('spectra data should be stored.'); 
writeln; 
writeln ('All parts of the path with the exception of the last', 

' subdirectory should'); 
writeln; 
write ('already exist [c:Murbo\frbmVim\tofl:'); 
readln (user_data_path); 
if length (user_data_path) > 0 then 
begin 

( make sure sub directory exists or is created ) 
{SI-1 
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cUk (mtajiMtjmb\. 
i f lORewkoOihea 

bejui 
mkdir {user.daujmfi); 
ifiOResuhoOthen 

begin 
writeln ("Path to data directory is invalid. You must try again.1): 
writeln; 
tet_datrjmh(u>0: 

end: 
end: 

tof_data_path := user_data_path; 
end; 

{SI+J 
chdir (acDve_directory); 

end: 
end; 

end; ( procedure get_daia_patfis } 

procedure initialize; 
var 
y : integer 

begin 
setcbreak CTRUE); 

check_time; 

get_data_path (txs); 
g5t_data_path (tof); 

new (data); 

count:= 0; 

x_axis := laser.wavelength; 
y ixis := normalized.signal; 
full_parameter_listing := FALSE; 
ready_for_etalon_scan ;= FALSE; 

SymboIInit; 

InstallScre '.nGraphicsDriver, 

InstallGrafPlusDriver (PostScriptLaserWrite,File, PortFILE, 'SPS'); 

InstaIIGrafPlusDriver(HP7470Plotter, PortCOMl, 'SHP7470'); 

GraphicsOii := FALSE; 

InitJjPIB: 
set_gpib_remote (TRUE); 
clrscr, 
GoToXY(l.ll); 
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aet_pair£_cal (detadMeac.dyejMer); 
wraeta; 
tetjMJmtjil (ditjadMkmjlyejuay. 
*t_fp»_rcmoe (FALSE); 

wiihsp.eukm_p*rimeierjdo 
begin 
euJor_normjJ_pojiiion := 0: 
bmbd»_0:= 275.0: 
ujjperjambdi:« 275.0; 
inilial_xniing_position := 

wave_to_gf»cing_drive (dissociation.dyejaser, 275.0): 
m«_etilon_sc»ri_nuige := 2.0; 
min_eulon_delta_Iambda := 0.0; 

end; 

iniuaLread := TRUE; 
if nol read_set_up then 

begin 
with stp do 

begin 
deiachjambda := 380; 
caLoffiet := 0.0; 
startjambda := 270; 
endjambda s= 275; 
delta_lambda:=0.05; 
shots_per_point := 200; 
doubling := TRUE; 
use_eta!on := FALSE; 
set_grating_order (dissociation_dye_laser); 
ADC.channel [laser_power] := 0; 
ADC_channel [dissociated_radical_si(,TiaJ] ;= 2; 
ADC_channel [detached_electron..signafl •= 4; 
ADC_channel [iodine_refercnce) := 6; 
zero [detached_electron_signal] := 0.0; 
zero [laser_power] := 0.0; 
zero [dissociated_radical_signal) ;= 0.0; 
zero [iodine_reference] := 0.0; 
zero_average_shot_number := 200; 

end; 
show_parameters; 
y := wherey; 
window ( l ,y , 80, 24); 
clrscr. 
get_detachmem_waveiengih; 
get_cal_offset; 
get_iniiial_wavelength; 
get_final_wavelength; 
get_larr.bda_step; 
get_shois_per_point; 
get_doubling; 
get_use^sialon; 
set_grating_order (disioci?'-j,n_dye_laser); 
get_ADC_channels; 
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tftjetojHetattjtKHjumtier. 
writejetj^; 

ewk 
initial_read := FALSE; 

set_fmin£j>rder (deuchmeni_dyejaser); 
jet_epib_remc*e (TRUE); 
n»ve_dyejajer (teiachrneni_.dyejaser, stp.detachJambda): 
setjpib_7emote (FALSE); 

delay (1000); 

axisjabel [laser_wavelength] := dissociation Laser Wavelength [nm]'; 
axisjabel [detached_electron_signal) := 'Electron Signal'; 
axisjabel [laser_power] := "Laser Power'; 
axisjabel [dissociated_radicaI_signal] := Fragment Signal'; 
axisjabel [normaIized_signal] := 'Normalized Signal'; 
axisjabel [Iaser_wavenumber] := 'Dissociation Laser Energy [cm-1]'; 
axisjabel [iodine_reference] := 'Iodine Reference Cell'; 

tof_axis Jabel [time] := Time of Flight [5 ns / channel]'; 
tof_axisJabel [tof_signal] := TOF Signal'; 
tof_axisJabel [mass] := 'Mass [amu]'; 

end; [ procedure initialize ) 

end. ( unit initial} 

2.4 mainmemi.pas 

[ mainmenu.pas ) 

(contents: ) 
( procedure main_menu ) 
f menu of things to do before and aftei experiment ) 

unit mainmenu: 

($0+) 
(SF+) 

interface 

usesglobaIs,initiaI,parameters,ulility,txs_exp,tofms,txsplot,CRT; 

procedure main_menu; 

r * * * * * * * * » * f * * * * * * * K r * * * * W * * * * * * * * * * * * * * * * * * * . r f i ( C * * . . f t * * * * * * * * * * * * * * * * * * * * * * * 1 
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|NDP6dM6 nttifl_n)CIMC 
VV 
ch:clur, 
y: integer. 

begin {procedure main_meno ) 
jhow_ptrimetm; 
repeat 

window (1,1,36,24); 
cbscr;iexlcolor(13); 
writeln CE: Set Experimental Parameters'); 
writeln CZ: Obtain Zeros'); 
wriKln CC: Control of Laser & ADO; 
writeln ('M: Mass Spectrometer Experiment'); 
writeln ( T : Photodissn Total XS Experiment'); 
writeln CD: Photodissn Dynamics Experiment'); 
writeln ( P : Plot Menu1); 
writeln CS : Save Data File1); 
writeln CR: Read Data File'); 
writeln ('Q : Quit Program'); 
writeln (' y, 
writeln; y := wherey; textcolor (14); 
repeat 
window (1, y, 80,2-.;; clrscn 
write C? >'); ch := Readkey; ch := upcase(ch); writeln (ch); 
writeln; 

until ch in [E\ 'Z', 'C, 'M', T , T>', P', 'S', 'R', Q']; 
case ch of 

"E*: experimental_parameters; 
"Z: obtain_zeros; 
' C : manuaLexperiment; 
'M': begin 

switch_to_mass_spec; 
show_parameters; 
window (l ,y, 80,24); 

end; 
T : run_K>tal_photodissociation_cross_secu'on_experinieru; 
'D': reserved; 
P ' : begin 

txs_plotting_parameters; 
show_parameters; 

end; 
'S ' : begin 

save_data_file (txs); 
show parameters; 

end; 
'R': begin 

read_data_file (txs); 
show_parameters; 

end; 
end; ( case ch ) 

until (ch = 'Q'); 
if not ask_for_boolean CAre you sure you want to quit ? (Y/N]:") then 

266 



bCfM 
aun_ma>a; 

end; 
end; { procedure miin_menu ) 

end. { unit nuinmenu ) 

IS globals.pas 

{globals.pas 
this unit contains all global variables neccessary for frbm.pas } 

f * * » - * * * * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * % * * * * * * 1 

unit globals; 

{SO+} 
(SF+) 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ] 

interface 

uses graphadd; 

const 
max_daia = 1024; 
max_column = 6; 

laser_ wavelength = 0; 
detached_electron_signal = 1; 
laser_power = 2; 
dissociated_radical_signal = 3; 
normaJi7ed_signal = 4; 
l2*5r_wavenumber = 5; 
iodine_reference = 6; 

set_up_file_name = 'semp.dat'; 

time = 0; 
tof_signal= 1; 
mass ••- 2; 
memory : integer = 22; ( CAMAC crate slot for 4101 ) 
digitizer; integer = 19; ( CAMAC crate slot for 2001 AS ) 

txs = 0; 
tof = 1; 

( descriptive constants for CAMAC function calls ) 
ADC : integer = 16; ( CAMAC crate station of LeCroy 2249SC ADC ) 
test_LAM : integer = 8; (CAMAC F8 ] 
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iBMLdunel : Meter* 0; {CAMACH)) 
dattway_z:i«e(er* l; J CAMAC Initialize} 
d i i m y . c : anefer x 2: (CA; 1AC Clear} 
oataway_i: ime(er » 4; {CAMAC Inhibit} 
CRIACL : integer* 64; [Clear Request Inhibit 4 ACL detection registers) 

Dux.tweak 'imit = 200; 

lines: boolean = TRUE; 
pkxjines: boolean=TRUE: 
ptot_rrom_zero: boolean = TRUE; 

info: DrvINFO = (DrvMem:36000: DrvWrkdrive:'^; 
DrvOutfile: 'etyloLOut'; 

escchk: TRUE; nohead: FALSE ); 
PathToGraphics: string = 'c:\lurbo^graphics'; 
GraphComm: word = Baud9600 or ParNone or Data8 or Stopl; 
XON: boolean = FALSE; 

type 
name = string[80]; 

data_pointer = Adata_array; 
data_array = array [I.jnax_data, O..max_column] of real; 

tweak_data_pointer = /Hweak_data_array; 
tweak_data_array = array [l..max_tweak_limit, O..max_column] of real; 

axis_label_anay = array [O..max_columnj of name; 
real_column_array = array [O..max_column] of real; 
int_column_array = array [O..max_column] of integer, 

tof_real_column_array = array [0.. 1 ] of real; 
tof_datajointer = Atof_data_array; 
tof_data_array = array [0..4095] of real; 

etalon_parameters_type = record 
etalon_r.ormal_position: integer; 
lambda_0: real; 
upperjambda: real; 
iniiiaI_grating_position: real; 
max_etalon_scan_range; real; 
min_etalon_delta_lambda: real; 

end; { record etalon..panimeters_type ) 

set_up = record 
detach.larnbda: real: 
cal_offset: real; 
startjambda: real; 
end .lambda: real; 
deltajambda: real; 
shots_per_poim: integer, 
doubling: boolean; 
use_eta!on: boolean; 
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etalon_parameters: etaIon_parameters_type; 
Eraiing_order_detachmenl_dyeJaser: integer, 
grating_order_dissociation_dye_laser: integer; 
ADC_channel: int_column_array; 
zero: reaI_corumn_array; 
zero_average_shot_number: integer, 

end: { record set_up) 

vsx 
Year, Month, Day, DayofWeek, Hour, Minute, Second, Sec] 00 : word; 

txs_data_path: string; 
tof_data_pach : string; 
dyn_data_path: string; 

ch : char; 

data: data_pointer; 

stp: set_up; 
count: integer, 

min, max : real_column_array; ( minimum and maximum data values 1 
plot_min, plot_max : real_column_array; { min and max for plot axes ) 
thresh_min, lhresh_max: real..column_array; 

( threshold values for changing plotting scale ) 
x_axis; integer; 
y_axis; integer; 
axisjabel: axis_label_array; 
tof_axis_labeI; axis_label_array; 
plot_little_crosses: boolean; 
file_name: name; 
data_file_name: name; 
log_file_name: name; 
day_of_experimeni: name; 
lime_of_experimem: name; 
data_file: text; 
log_file: text; 

tweak_limit: integer, 
tweaking: boolean; 
tweak_count: integer, 
tweak..shots_per_poini: integer; 
tweak_data: tweak_daia_pointer. 
tweak_min. lweak_max; real_column_array; 
tweak_thresh_min, tweak_thresh_max: reaLcolumn_array; 
lweak_plot_min, tweak_plot_max: real_column_array; 

detachmeni_dye_laser: integer, 
dissociation. dye_laser; integer, 
sbl, sb2: integer. 

iaiiial_rsad: boolean: 
upper_ldl_eorraer_y: integer. 

269 



fuILparameterJisting: boolean: 

ready_for_etalon_scan: boolean: 
new_zeros_obtained: boolean: 

sweeps_to_average: integer, 
digitizer_control: integer; 
memory_control: integer; 
data_count: integer; 
tof_data: tof_data_pointer, 
tof_data_max, iof_da[a_min: real: 
mass_spec_delay: real; 
tof_plot_min, tof_plot_max: iof_real_column_array; 
df_data_count: integer; 
df_digitizer_control: integer 
df_memory_control: integer; 
df_sweeps_to_average: integer; 
df_mass_spec_delay: real; 

GraphDriver; integer; { The Graphics device driver) 
GraphMode : integer; ( The Graphics mode value ] 
ErrorCode : integer; [ Reports any graphics errors ) 
MaxColor : word; { The maximum color value available ] 
OldExitProc : Pointer; ( Saves exit procedure address ) 
GraphicsOn : Boolean; ( Saves status of CRT mode (graphics or text) ] 
HP7470Plotter: integer; 
PoslScriptLaserWriterFile: integer; 
status: word; 
magic: "byte; 
wordptr: Aword; 
hold: byte; 

implementation 
end. ( unit globals ) 

2.6 utility.pas 

{utility.pas J 

( contents : ) 

{i. math ) 
( function im_power (base : real; 1 
( power; integer): real ) 
( raises any real 'base' to positive integer power' ! 

{ ii. user input j 

! ii.a. yesfao 1 
J funcuon ask_for_boolean (prompt: name): boolean j 
I user musi ans-Ma- yesftio quesuon. 'prompt' ] 
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(ii.b. continue/quit ) 
{ function ask_continue : boolean } 
{ user must hit <enter> to c jn Jnue or Q to quit ) 

(ii.c. numbers ) 
(these functions convert strings to numbers and ignore inappropriaie 
( characters -- beware of misinterpretation of invalid input ) 
(true if user enters 'response' between 'min' and 'max' or ) 
{ '<' which sets 'response' to 'min' or ] 
{ '>' which sets 'response' to 'max' ) 
{ false if user just presses 'enter'; 'response' is unchanged ) 
('prompt' is repeated if user enters something else ] 

( function ask_for_integer (var response : integer, ) 
( prompt: name; } 
( min, max: integer): boolean ) 

( function ask_for_real (var response; real; ) 
( prompt: name; } 
{ min, max ; integer): boolean ) 

{ii.d. wavelength to wavenumber conversion and vise versa 

{ function wl2wn (wl: real): real; ) 

{ function wn2wl (wn : real): real: ) 

(ii.e. file names ) 

( function exist (file_name: name): boolean ) 
{ true if file called 'file jiame' is present on disk ) 

{function legal_name (file_name : name): boolean ] 
{ true if file name 'file_name' is a legal one ) 

( procedure get_out_file_name (var file_name : name; ) 
{ var overwrite: boolean ] 
{ prompt: name ) 
{ var goi_good_out_file_name; boolean } 
( true if user enters a new Tile_name' or wants to overwrite an ) 
{ existing file; if overwrite, sets overwrite to TRUE } 

{ function get_in_file_name (var file_name: name: ) 
{ prompt: name): boolean ] 
( true if user entered 'file_name' of an existing file ) 

(iii, save and read data ! 

! procedure save_dao (experiment_type: integer); 
( save data to individuai'.dat' file, append scan parameter info 
{ to one "daieJog' file per day ] 
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[ iv. miscellaneous ) 
( procedure reserved; } 
( displays message: 'reserved for future development' ) 

unit utility; 

(SO+i 
(SF+) 

interface 

uses gIobals,DOS,CRT; 

function int_power (base: real; power: integer): real; 
function ask_for_boolean (prompt: name): boolean; 
function ask^continue: boolean; 
function ask_for_integer (var response: integer; prompt: name; 

min, max : integer): boolean; 
function ask_for_real (var response: real; prompt: name: 

min, max : real): boolean; 
function wl2wn (wl: real): real; 
function wn2wl (wn: real): real: 
function I2S (Val, Digit: Integer): String; 
function R2S (Val: real; Digit, Decimal: Integer): Siring; 
function exist (file_name: name): boolean; 
function legal_name (file_name: name): boolean; 
procedure get_out_file_name (var file_name: name: var overwrite: boolean; 

experiment_type: integer; prompt: name; 
var got_good_out_file_name: boolean); 

function get_in_file_name (var file_name: name: experiment_type: integer, 
prompt: name): boolean: 

procedure form_date_and_time_strings (var date_string: name; 
var time_string: name); 

procedure save_data_file (experiment_type: integer); 
procedure read_data_file (experiment_type: integer): 
procedure reserved; 

implementation 

function im_power (base: real: 
power: integer): real: 

begin ( function int_power) 
if (power = 0) then 
6u_power:= l.O 

else 
int_power ;= base * im_power (base, (power - I)); 

end; I function int_power 3 
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t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * - * * * * * * * * * * * * * * * * * 1 

function ask_for_boolean (prompt: name): boolean: 
var 

ch : char; 
begin ( function ask_for_boolean ) 

ch :=' •; 
repeat 

write (prompt); ch := RcadKcy; ch := upcase (ch); writcln (ch); 
if ((ch <> 'Y1) and (ch <> 'N')) then 
writeln ('Please type "Y" or "N"'); 

until ((ch = T') or (ch = 'N')); 
ask_for_boolean := (ch = TO; 

end; ( funcuon ask_for_boolean ) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

function ask_continue : boolean; 
var 
ch ; char; 

begin ( funcuon ask_continue J 
repeat 

writetn; writetn; 
write ('Hit <enter> to continue or Q to quit: '); 
ch := readkey; ch := upcase (ch); write (ch); 

. if ch = 'Q' then ask_continuc := false; 
if ch = #13 then ask_continue := true; 

umil((ch = 'Q')or(ch = #13)); 
end; (funcuon ask_continue ) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * | 

function ask_for_integer (var response; integer; 
prompt: name: 
min, max : integer); boolean: 

var 
answer, code, i : iniege-
input_string: string[8); 

begin ( funcuon ask_for_integcr) 
answer ;= 0: 
code:= 1: 
repeat 

write (prompt); readln (input_string): 
if (input_siring =") then 
begin 
ask_forJnteger := FALSE: 
exit 

end; 
if (inpul_SIring = '<) then 
begin 
ask_for_>meger := TRUE 
response := min: 
exm 

end: 



if (input_string = '>) then 
begin 
ask_for_integer := TRUE; 
response := max; 
exit; 

end; 
i : = l ; 
repeat 

if not (input_string [i] in ['0'..'91) then 
delete (input_siring, i, 1) 

else 
i : = i + l ; 

until (i = (length (input_string) + 1)); 
val (input_string, answer, code); 

until ((input_string o " ) and (answer >= min) and (answer <= max) and 
(code = 0)); 

ask_for_integer := TRUE; 
response := answer; 

end; { function ask_for_integer) 

function ask_for_reaI (var response : real; 
prompt: name; 
min, max : real): boolean; 

var 
answer; real; 
code, i : integer; 
input_string : string[10]; 

begin ( function ask_for_real) 
answer := 0.0; 
code:= I; 
repeat 

write (prompt); readln (input_string); 
if (input_string = ") then 
begin 
ask Jbr_real := FALSE; 
exit; 

end: 
if (input_string = '<') then 
begin 
ask_for_rea! := TRUE: 
response := min; 
exit; 

end: 
if (input_string = >') then 
begin 
ask_for_real := TRUE: 
response := max; 
exit; 

end; 
i : = 3 : 
repeat 

if not \inpui_string ji] in ~{j\^\'.'. e'. "E\ -'.'-"]) ihtn 
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delete (input_string, i, I) 
else 

i :=i + l: 
until (i = (length (inpul_string) + 1)); 
val (input_string, answer, code); 

until ((input_string <> ") and (answer >= min) and (answer <= max) and 
(code = 0)); 

ask_for_real := TRUE; 
response := answer; 

end; ( function ask_for_real) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

function wl2wn (wl: real): real; 
begin 
w!2wn:= (10000000/wl); 
end; 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i 

function wn2wl (v/n : real): real; 
begin 
wn2wl ;= (10000000/ wn); 
end; 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * l 

function I2S (Val, Digit: Integer): Siring; 
var 
buffer; string; 

begin 
str(Val:Digit, Buffer); 
I2S := Buffer, 

end; 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * I 

function R2S (Val: real; Digit, Decimal: Integer): String; 
var 
buffer: string; 

begin 
str(Vai:DigtL'Decimal, Buffer); 
R2S := Buffer, 

end; 

,,...,,..„....„...,.....«..,,..,...„..,..„..„.„ , . . „ . . . , 
funcuon exist (filc_name: name): boolean: 
var 
iest_file: file: 

begin ( funcuon exisi ] 
assism <iesi_file. file name): 
IS1-) 
resei <tesi_file); 
close (ttsi.fiie); 



(51+) 
exist := (TOresult = 0); 

end: ( function exist { 

function legal_name (file_name : name): boolean; 
var 
testjile: file: 

begin ( function legal_name ) 
assign (testjile, filename); 
(SI-) 
rewrite (test_file); 
(SI+) 
legal_name := (IOresult = 0); 
close (test_file); 

end: { function legal_name ) 

procedure get_oul_file_name (var file_name • name; var overwrite: boolean; 
experiment_type : integer; prompt: name; 
var got_good_out_file_name: boolean); 

var 
extension: string; 
i : integer; 

begin (function get_out_file_name } 
case experimentjype of 
as: 
begin 
extension := '.txs'; 

end: 
tof: 
begin 
extension := '.tof; 

end; 
dyn: 

begin 
extension := '.dyn': 

end: 
end; 
file_name := "; 
overwrite := FALSE: 
write (prompt); readln (file_name): 
if pos ('.', file_name) = 0 then 

begin 
file_name := file_name + extension: 

end; 
if (file_name = extension) then 
begin 

wriitln; 
if ask_for_boo]ean 

fDo you really warn to NOT save this file!" JYA*] • 1 then 
begin 
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goi_good_out_file_name := FALSE; 
exit 

end 
else 

begin 
gei_out_file_name (file_name, overwrite, experiment., type, prompt, 

got_good_out_file_name): 
end: 

end 
else if exist (file_name) then 

begin 
writeln; writeln; write (' '): 
if ask_for_boolean ('Overwrite'+ file_name + '? [Y/N]:") then 

begin 
overwrite := TRUE; 

end 
else 

begin 
wriieln; 
get_out_file_name (filejiame, overwrite, experimeni_typc, prompt, 

got_good_out_file_name); 
end: 

end 
else if not iegal_name (file_name) then 

begin 
writeln ('Not a legal name for a file!'); 
ge:_out_file_name {file_name, overwrite, expcriment_type, prompt, 

got_good_out_file_name); 
end 

else 
got_good_out_fiIe_name := TRUE; 

end; [ function get_out_file_name ) 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » < * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * l 

function get_in_file_name (var file_name : name: experiment_iype: integer; 
prompt: name): boolean; 

var 
extension: string; 
i : integer, 

begin { function get_in_file_name } 
case experimem_type of 
txs: 

begin 
extension := '.LXS'; 
chdir (Dcs_data_path); 

end: 

tof: 
begin 
extension := '.tof; 
chdir (tof_daia_paih): 

end: 



dyn: 
begin 

extension := '.dyn'; 
chdir (dyn_data_path); 

end' 
end: 
file_name :="; 
write (prompt); readln (file_name); 
if pos ('.', file_name) = 0 then 

begin 
file_name := file_name + extension; 

end; 
if (file_name = extension) then 
begin 

get_in_file_name := FALSE; 
exit; 

end 
else if not exist (File_name) then 

begin 
writeln (file_name +' does not exist.'); 
get_in_fiie_name := gel_in_file_name (file_name. experiment_type, prompt); 

end 
eJse 
get_in_file_name := TRUE; 

end; ( function get_in_file_name } 

procedure form_date_and_timc_strings (var dale_string : name; 
var time_string: name); 

var 
Yearstr, Monthstr, Daystr, Hourstr, Minstr, Secsir: string; 

begin 
GetTime (Hour, Minute, Second, SeclOO); 
time_string := "; 
Hoursu- := I2S (Hour.O); 
if lengrti (Hourstr) = 1 then 

begin 
Hourstr := '0' + Hourstr: 

end: 
Minstr := I2S (Minute.O); 
if length (Minstr) = 1 then 
begin 

Minsti := '0' + Minstr: 
end: 

Secstr := I2S (Second.01: 
if lengdi (Secstr) = 1 then 
begin 

Secstr := "0' + Secstr. 
end: 

lime_string := Hoursir - :' + Minstr -*-':' + Secsir: 

GeiDate (Year, Monih. Day, DayofWeck): 
date_string := "; 
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Yearslr := I2S (Year.O); 
delete (Yearstr.1,2); 
Monthsir := I2S (Month.O); 
if length (Monthstr) = 1 then 
begin 

Monthstr := '0' + Monthstr. 
end: 

Daystr := I2S (Day.O); 
if length (Daystr) = 1 then 
begin 

Daystr := '0' + Daystr. 
end; 

date_string := Yearstr + Monthstr + Daystr; 
end; 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

procedure save_data_file (experiment_iype : integer); 
var 
i, IOErrorCode: integer; 
CDriveFreeMemory : longint; 
overwrite, got_good_out_file_name: boolean; 
data_point; real_column_array; 
active_direclory: string; 
Yearslr, Monthstr, Daystr, Hourstr, Minstr, Secstr: suing; 
ms_time; real; 

begin ( procedure save_data ) 

form_date_and_ume_strings (day_of_experimeni, time_of_experiment); 

window (1,1, 80, 24); 
clrscn 
GoToXY(1,10); 

CDriveFreeMemory ;= DiskFrec(O) div 1024; 
if CDriveFreeMemory < 400 then 

begin 
Texl.Color(4 + BLINK); 
writeln (Tree Memory on C Drive less than 400 kb!'); 
writeln; 
TexiColor(H); 

end; 
getdir (0. aoive_directory)-, 
case expcrimem_type of 

Lxs: 
begin 
chdir (txs_data_pathi: 
get_GutJils_name (data_file_name, overwrite, us . 

"Output data fi3e narae? {No extension necessary II .\x%\: . 
got_good_out_rile_n2roey, 

ii not got_good_out_fi!e_r.arfle then 
began 
cMir (aruve_aire;JC!i> <; 
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exit; 
end; 

( write out data in text format j 
{SI-} 
assign (data_file, data_file_name): 
rewrite (data.file); 
for i := 1 to count do 

begin 
write (data.file, data* [i, laser_wavelengdi]:10:5,' 0; 
write (datajile, data* (i, detached_electron_signal]: 10:5,' •); 
write (dat2_fiie, data" [i, Iaser_power]:10:5,' "); 
write (data_file, data* [i, dissociated_radical_signal]:10:5,' J, 
writeln (data_file, dataA [i, iodine_reference]:10:5); 

end; 
close (data_fi!e); 
IOEnoiCode := IOResulK 
if IOEirorCode o 0 then 
begin 

ifIOErrorCode= 101 then 
begin 
writeln('C Disk Full!. Prepare to save to A: drive.'); 
if asfc_conunue then 

begin 
assign (data_file, ('a:\save.txs')); 
rewrite (data_file); 
for i := 1 to count do 

begin 
write (data_file, dataA [i, laser_wavelength]:10:5,''); 
write (data_file, dataA [i, detached_electron_signal]:10:5,''); 
write (data_file, data* [i, laser_power]:10:5,''); 
write (data .file, data" [i, dissociated_radical_signal]:10:5,''); 
writeln (data_file, dataA [i, iodine_reference]:10:5); 

end; 
close (data_file); 

end; 
end 

else 
begin 
writeln f 10 ERROR! Recommend exiting program', 

' until you figure it out); 
end; 

end: 
[SI+] 

form_date_and_time_strings (day_of_experiment, time_of_experimenf): 

log_file_name := day_of_experiment + Jog': 
if exist (tog_file_aame) then 

begin 
assign (logjile, log_file_name); 
append 0og_file); 

end 
else 
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begin 
assign (logjile. log_file_name); 
rewrite (logjile): 

end; 
with stp do 

begin 
wriieta (logjile); writeln (!og_fiIe); 
if overwrite then 

begin 
writeln; 
writeln Oogjile, •»«»«*«» THE FOLLOWING LOG RECORD OVERWRITES ', 

THE PRIOR LOG RECORD *«*«««•); 
writein (logjile, '*«*»**«»****»**»»»«*» WITH THE SAME DATA', 

"FILE NAME ****!***,c***"'**********'^" 
writeln; 

end; 
writeln (log_.file, Total Photodissociation Cross Section Log Record', 

'for Data File:', data_file_name); 
writeln (log_file, 'Recorded in D-21 Latimer at', 

time_of_experiment,' on ', day_of_experiraent); 
writeln (log_file); 
with stp do 
begin 
writeln (log_file,' Detachment Wavelength :', detach_lambda:12:7); 
writein (logjile,' Laser Calibration Offset:', cal_offset:12:7); 
writeln (log_file,' Initial Wavelength :', startjambda: 12:7); 
writeln (Iog_file,' Final Wavelength :', end_lambda;12:7); 
writeln (log_file,' Lambda Step :', deltaJambda: 12:7); 
writeln (log_file,' Shots per Point:', shots_per_point:4); 
write (log_file,' Autotracker (Doubling?):'); 
if sip.doubling then 

writeln (logjile,' YES') 
else 

writeln (log_fiIe,' NO'); 
write (logjile,' Use Etalon:'); 
if stp.use_etalon then 

writein (log_fiIe,' YES') 
else 

writeln (logjile,' NO'); 
write (logJile.'Dissociation Grating Order:"); 
writeln (log_fiIe, grating_order_dissociation_dyeJaser:4); 
write (log_file,' Detached Electron Signal: 0; 
writeln (logjile, ADC_channel [detached_eIectron_signaIJ:4); 
write (logjile,' Laser Power:"); 
writeln (logjile, ADC_channel (laser_power]:4); 
write (log_fiie, 'Dissociated Radical Signal: j ; 
writeln (log_file, ADC_channel [dissociated_radical_signal]:4); 
write (log_fi!e,' Iodine Reference Cell:'); 
writeln (log_file, ADC_channel [iodine_reference]:4); 
write (log_file,' Zero Average Shot Number: •); 
writeln <log_file. zeio_average_shot_numberi); 
write 0og_fiie,' Detached Electron Zero:"): 
wr'teln (iog_file, zero [detached_electron_signal):9:4): 
write (log_file.' Last-- Power Zero:"); 
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writeln (logjile, zero [laserjower] A4); 
write (logjile.' Dissociated Radical Zero: ?: 
writeln (log_file, zero [dissociated_radical_signai]:9:4); 
write (Iog_fiIe, Iodine Reference Cell Zero: •); 
writeln (log_ffle, zero [iodine_reference]:9:4); 

end; 
if overwrite then 

begin 
writeln (logjile); 
writeln (logjile, •«•«** THE PRECEEDING LOG RECORD OVERWRITES-. 

'A PREVIOUS LOG RECORD *«*»*•); 
• writeln (log_file, •«*»»*«**«**»***»***** WITH THE SAME DATA', 

TILE NAME »»*****»***»*»*****»»*•); 
end; 

end; 
close (Iog_fiIe); 

end; 

tof: 
begin 

chdir (tof_data_path); 
get_out_file_name (dataJile_name, overwrite, tof, 

'Output data file name? [No extension necessary if .tof]:', 
got_good_out_file_name); 

if not got_good_out_file_name then 
begin 

chdir (activ;_directory); 
exit; 

end; 

{ write tof data Hie ) 
assign (data Jile, data_file_name); 
rewrite (data_file); 
writeln(data_file, data_coum); 
writeln(data_file, digitizer_control); 
writeln(data_file, memory_control); 
writeln(data_file, sweeps_to_average); 
writeln(data_file, mass_spec_delay); 
for i := 0 to data_count do 

begin 
writeln (data_file, tof_data* [ij:10:0); 

end; 
close (datajile); 

end; ( write tof data file ) 
end; 

chdir (active_directory); 
end; { procedure save_data ) 

procedure read.dataJile (experiment.type: integer): 
var 

i , j : integer, 
norrnaIized_detacbed_eIectroa_signaI: real; 
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oormilized_lMer_power: real; 
ictive_directory: string; 

begin {procedure read_data_file J 
geidir (0, aclive_directory): 
window (1,1.80,24); 
clrscr; 
GoToXY(l,8); 
writeln ("WARNING : This action will overwrite current data in RAM/); 
writefn; 
writeln (If you have not done so already, save the', 

'current data after exiting now.'): 
writeln; 
if not ask_continue then 
begin 

exit; 
end; 

writeln; writeln; 
case experiment_type of 

txs: 
begin 

if not get_in_file_name (data_file_name, txs, 
•Enter file naine [No extension necessary if .txs]:') then 
begin . 
chdir (active_directory); 
exit; 

end; 

[initialize) 
for i := 1 to max_daia do 
for j := 0 to max_column do 

data" [i,j]:= 0.0; 

( plotjiule^crosses := (abs ((stp.endjambda - stp.startjambda) / 
stp.deltajambda) <= 200.0);) 

x_axis := laser_wavelength; 

max [detached_eleclron_signal] := 1,0; 
min [detached_electron_signal] ."= 0.0; 

max llaserjrower] := 1.0; 
min [laser_power) := 0.0; 

max [dissociated_radical_signal] := 1.0; 
min (dissociated_radical_signaIl := 0.0: 

max [normah'zed_signai) .= 1.0; 
min inormalized_signal] := 0.0; 

max [iodine_reference] := 1.0: 
min Iiodine_referenceJ := 0.0; 

( read out data in text format) 

283 



assign (data.file, data_flle_name); 
reset (datajile); 
count := 0; 
while not Eof (data.fiie) do 

begin 
readln (datajile); 
count := count + 1; 

end; 
reset (data.file); 
for i := 1 to count do 
begin 

read (data_file, data* [i, laser_wavelengih]); 
read (datajile, data* [i, detached_electron_signal]); 
read (data_file, data" [i, laser_power]); 
read (data_file, data" [i, dissociated_radical_signaTJ); 
readln (data_file, dataA [i, iodine_reference]); 

end; 
close (data_file); 

for i := 1 to count do 
begin 
normalized_detached_electron_signal := 

dataA [i, detached_electron_signal]; 
if normalized_detached_electron_signal < 1.0 then 

normaiized_detached_electran_signal := 1.0; 
normalizedJascr_power := 

dataA [i, laserjower]; 
if normalized_laser_power < 1.0 then 

normalized_laser_power := 1.0; 
dataA [i, normah'zed_signal] := 

10000 * dataA [i, dissociated_radical_signal] 
/ normalized_detached_electron_signal 
/ normalized_laser_power; 

end; 
if dataA [1, laser_wavelength] < data" [count, Iaser_wavelength] then 

begin 
max [laser_wavelength] := dataA [count, iaser_ wavelength]; 
min [Iaser_ wavelength] := dataA [1, laser_wave!ength]; 
min [laser_wavenumber] := wl2wn (dataA [count, laser_wavelength]); 
max [laser_wavenumber] := w!2wn (dataA [1, laser_wavelength]); 

end 
else 

begin 
max flaser_wavelength] := dataA [1, laser_wavelength]; 
min [laser.wavelength] 5= dataA [count, laser_wavelength]; 
min [laser_wavenumber] := wl2wn (dataA [1, laser_wavelength]); 
max [Iaser_wavenumber] := wI2wn (dataA [count, Iaser_wavelength]); 

end; 
for i := 1 to count do 
begin 

for j := 1 to ma!._oolumn do 
begin 

if dataA [i, j] > max [jj then 
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begin 
max [j] := data" [i, j ] ; 

end 
else if data* [i, j] < min [j] then 

begin 
min fj] := dataA [i, j]; 

end: 
end; 

end; 

for i := 0 to max_column do 
begin 
plot_max [i] := max [i] + 0.1 * (max [i] - min [i]); 
plot_min [i] := min [i] - 0.1 * (max [ij - min (ij); 
thresh_max [i] := max [i] + 0.05 * (max [i] - min [i]); 
thresh_min [i] := min [i] - 0.05 * (max [i] - min [i]); 

end: 
piot_min [laser_power] := 0.0; 
pIoi_min (detached_electron_signal) := 0.0; 

end; 

tof: 
begin 

if not get_in_file_name (data_file_name, tof, 
"Enter file name [No extension necessary if .tof]:") then 

begin 
chdir (active_directory); 
exit; 

end: 
assign (data_file, data_file_name); 
reset (data_file); 
readln (datable, df_data_count); 
readln (datable, df_digitizer_control); 
readln (datajile, df_memory_control); 
readln (datajile, df_sweeps_to_average); 
readln (datajfile, df_mass_spec_delay); 
for i := 0 to df_data_count do 

begin 
readln (data_file tof_dataA[i]); 

end: 
close (data_file); 
wriieln (data_count +1 , ' points read'); 
tof_data_max := lof_dataA [0]; 
tof_data_min := tof_dataA [0]; 
for i := Ho df_data_count do 

begin 
if (tof_dataA [i] > tof_data_max) then 

tof_data_max := tof_dataA [i] 
else if (tof_dataA [i] < iof_data_min) then 

tof_data_min := tof_dataA [ij; 
end: 

writeln Cmaximum data value =' . tof_data_max :8:0): 
writeln (minimum data value =' , iof_data_min :S:0); 
writeln Cdifference = \toLdata_max - tof_data.mui :S:0): 
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rcadlrj.-
end; 

end: 
cbdir (active_directory); 

end; {procedure read_daia_file ) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

procedure reserved; 
begin { procedure reserved ) 

writeln (This key is reserved'); 
writeln ('for future development.'); 
delay (2000); 

end; ( procedure reserved } 

end. { of unit utility ) 

2.7 insgrdvr.pas 

(insgrdvr.pas ) 

(procedure ) 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

unit insgrdrv; 

($0+) 
(SF+) 

interface 

usesglobals,graph,graphadd,grafutil,CRT,DOS; 

procedure GetMagicAddress; 
procedure GraphExilProc; 
procedure AbonM (msg:suing); 
procedure InstallGrafPlusDriver (var driverlD: integer. 

GraphPort: integer, 
GraphDevice: string): 

procedure InstallScreenGraphicsDriver, 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

implementation 

procedure GetMagicAddress: 
{ Find die address needed to use to keep graphics on the screen as they are 
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plotted out on the HP plotter or the PostScript printer ) 
begin 

wordptr := ptr(seg{closegraph),8+ofstcIosegraph)); 
magic:- ptr(DSeg,2+wordptrA); 

end: {procedure GetMagicAddress) 

procedure GraphExitProc; 
begin 

ExilProc := OldExitProc; ( Restore exit procedure address) 
bCloseGraph; { Shut down the graphics system J 

end; ( GraphExitProc ) 

procedure AbortM (msg:srring); 
begin 

WriteLn(msg); 
Halt(l); 

end; 

procedure InstallGrafPlusDriver (var driverlD : integer, GraphPort; integer, 
GraphDevice: string); 

begin ( procedure InstallGrafPlusDriver j 
(Install the graphics driver specified by GraphDevice ) 
driverlD := InstallUserDriver(GraphDevice,nil) + 5; 
ErrorCode := GraphResult; 
if ErrorCodeoO then 
begin 

AbortM (GraphErrorMsg(ErrorCode)); 
end; 

end; [ procedure InstallGraphPlusDriver ) 

procedure InstallScreenGraphicsDriver; 

begin ( prof 'dure InstallScreenGraphicsDriver ] 
(Initialize graphics and report any errors that may occur ) 
f when using Cn and graphics, turn off Crt's memory-mapped writes ) 
(DirectVideo := False;) 
OldExitProc := ExitProc; { save previous exit proc ) 
ExilProc ;= @GraphExitProc; { insert custom exit proc in chain ) 
GraphDriver := Detect; 
repeat 
bInitGraph(GraphDriver, GraphMode, PathToGraphics, nil); 
ErrorCode := GraphResult; { preserve error return ) 
if ErrorCode o grOK then ( error? } 
begin 
WritelnCGraphics error ', GraphErrorMsgfErrorCode)); 
if ErrorCode = grFileNotFound then (Can't find driver file ) 
begin 
Write CEnter full path to BGi driver or type <Qrl-Break> to quit: ")\ 
Readln(PathToGrapiiics); 
Writeln: 

end 
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else 
Haltf.1); 

end; 
until ErrorCode = grOK; 

GeiMagicAddress: 

Plotlnit; 
RestoreCRTMode; 

{ Some other error terminate ) 

end; [ procedure InstallScreenGraphicsDriver ] 
end. { unit insgrdvr) 

2.8 grafutil.pas 

( This unit uses a few routines from Turbo Graphics Tools 1.1 in order to 
ensure compatibility between our current programs and the new Turbo 5.5 
Graph unit. Where ever possible, however, the TP unit has been used to 
minimize duplication, j 

unit grafutil; 

( S O ) 
(SF+) 

interface 

uses graph,graphadd,DOS,CRT; 

const 
MaxSymbol = 9; 
ULXScreen = 0: 
ULYScreen = 0; 
LRXScreen = 1000; 
LRYScreen = 1000; 

(Cany positive integer allowable) 
(screen coordinate system defined here;} 
(may be changed by the user) 

type 
SymboIMask = Array[0..6]ofByte; 

xdpi, ydpi : word; (Dots per inch of current graphics output) 
DrawColor ; Integer 
Symbol : Anay[0..MaxSymbol] of SymboIMask: (Symbol pauems) 
ErrorCode : Integer: 
XabsGbl.YabsGbl : integer, (Current graphics cursor location) 
ULXABS.ULYABS, 
LRXABSXRYABS : integer, (Screen corners in pixels) 
MaxX, MaxY ; integer; (Saves the maximum graphics coordinates) 
ULXWIN.ULYWIN, 
LRXWIN1RYWIN : imcEen (Current window comers in pixels) 
ULXSCR.ULYSCR. 
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LRXSCRiRYSCR :Real; (Screen comers in screen coords) 
ULXUSER.ULYUSER, 
LRXUSERJLRYUSER : Real: {Window comers in user coords] 
XminABS.YminABS. 
XmaxABS.YmaxABS : integer {Screen limits in pixels) 
XminWIN.YminWIN, 
XmaxWIN.YmaxWIN : integer, {Window limits in pixels) 

procedure DefineUserCoordinates(ULX,UL Y1RXXRY: Real); 
procedure DefineWindow(ULX,ULY,LRXlRY: Real); 
procedure SCREENtoABS(Xscr,Yscn Real; var Xabs, Yabs: integer); 
procedure USERtoABS(Xuser,Yusen Real; var Xabs, Yabs: integer); 
procedure MoveUser(Xuser,Yusen Real); 
procedure MoveScreen(Xscreen,Yscreen: Real); 
procedure DrawLineUser(Xuser,Yuser: Real); 
procedure DrawPoint; 
procedure DrawBarUser(Xuser,Yuser: Real); 
procedure DrawCircleUser(Xuser.Yuser,RadiusUser: Real); 
procedure OutTextXYUser(Xuser,Yuser: Real; Text: String); 
procedure DefineSymbol(i: Integer, a,b,c,d.e,f,g: Byte); 
procedure DrawSymbolfi: Integer); 
procedure Symbollnit; 
procedure Plotlnit; 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

implementation 

procedure DefineUserCoordinates(XJLX,ULYlRX,LRY: Real); 

{Defines User Coordinates fcr use in the window) 

begin {of procedure DefineUserCoordinates J 
ULXUSER := ULX; 
ULYUSER := ULY; 
LRXUSER := LRX; 
LRYUSER := LRY; 
end; {of procedure DefineUserCoordinates) 

procedure DefineWindow(ULX,ULY,LRX,LRY: Real); 

{Input parameters are given in screen coordinates; absolute coordinates 
of new window are calculated and global variables for clipping are set) 

var 
XScaleFactor, YScaleFactor: Real; 

begin (of procedure DefineWindow) 
XScaleFactor := (LRXABS-ULXABS)/(LRXSCR-ULXSCR); {abscoords of window) 
YScaleFactor := (LRYABS-ULYABS)/(LRYSCR-ULYSCR); 
ULXW1N := Round((ULX - ULXSCR)*XScaleFactor + ULXABS): 
ULYWIN - Round((ULY - ULYSCR)*YScalcFactor + UL YABS): 
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LRXWIN ~ Roand((LRX - LRXSCR)*XScaJeFactor + LRXABS); 
LRYWIN := Roand((LRY - LRYSCR)*YScaleFactor + LRYABS); 
if ULXWIN <LRXWIN (window Xclipping values) 
(hen begin XminWIN := ULXWIN: XmaxWrN := LRXWIN; end 
else begin XminWIN := LRXWIN; XmaxWIN := ULXWIN; end; 
ifULYWIN<LRYWIN (window Y clipping values) 
(hen begin YminWIN := ULYWTN; YmaxWIN := LRYWIN; end 
else begin YminWIN := LRYWIN; YmaxWIN := ULYWIN: end; 
ifXminWIN<XminABS then XminWIN :=XminABS; (ifClippingOn = trae, ) 
if Yir nWIN < YminABS then YminWIN ;= YminABS; (absolute clipping values ) 
if XmaxWIN > XmaxABS then XmaxWIN := XmaxABS; (are not checked; only ) 
if YmaxWIN > YmaxABS then YmaxWIN := Ymax ABS; (window values are checked) 
end; (of procedure DefineWindow) 

procedure SCREENtoABS(Xscr,Yscn Real; var Xabs, Yabs: integer); 

(Converts screen coordinates into absolute coordinates] 

var 
XScaleFactor, YScaleFactor ,X,Y: Real; 

begin (of procedureSCRtoABS) 
XScaleFactor := (LRXABS-ULXABS)/(LRXSCR-ULXSCR); 
YScaleFactor := (LRYABS-ULYABS)/(LRYSCR-ULYSCR); 
X := (Xscr - ULXSCR)*XScaleFactor + ULXABS; 
Y := (Yscr- ULYSCR)*YScaleFactor + ULYABS; 
if (Abs(X) > 32767.0) or (Abs(Y) > 32767.0) then 
begin 
Errorcode:= -11; 
writeln (GraphErrorMsg(ErrorCode)); 

end; 
Xabs := Round(X); 
Yabs:=Round(Y); 
MoveTo (Xabs.Yabs); 
end; (of procedure SCRtoABS) 

procedure USERloABS(Xuser,Yusen Real; var Xabs. Yabs: integer); 

(Converts user coordinates (of window) into absolute coordinates) 

var 
XScaleFactor. YScaleFactor,X,Y: Real; 

begin (of procedure USERtoABS) 
XScaleFactor- (LRXWIN-ULXWIN)/(LRXUSER-ULXUSER): 
YScaleFactor := (LRYWIN-ULYWIN)/(LRYUSER-ULYUSER); 
X := (Xuser - ULXUSER)*XScaieFactor + ULXWIN: 
Y := (Yuser - ULYUSER)*YScaleFactor + ULYWIN; 
if (Abs(X) > 32767.0) or (Abs(Y) > 32767.0) then 
begin 

Enorcode:=-U; 
wrileln (GraphErrorMsgfErroiCodc)): 
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end; 
Xabs := Round(X); 
Yabs:=Round(Y); 
MoveTo (Xabs.Yabs); 
end: (of procedure USERtoABS) 

procedure MoveUser(Xuser,Yuser Real); 

(Moves invisible graphics cursor to (Xuser.Yuser) without drawing line) 

begin (of procedure Move) 
USERloABS(Xuser,Yuser,XabsGbl,YabsGbl); 
end; (of procedure Move) 

procedure MoveScreen(Xscreen,Yscreen: Real); 

(Moves invisible graphics cursor to (Xscreen.Yscreen) without drawing line) 

begin (of procedure MoveScr) 
SCREENtoABS(Xscreen,Yscreen,XabsGbl,YabsGbl); 
end; (of procedure MoveScr) 

procedure DrawLineUser(Xuser,Yuser: Real); 

(Draws a line from current invisible graphics cursor to (Xuser.Yuser); 
leaves invisible graphics cursor at (Xuser.Yuseri after drawing line) 

var 
X2abs,Y2abs: integer; 

begin (of procedure DrawLineUser) 
USERtoABS(Xuser,Yuser,X2abs,Y2abs); 
Line(XabsGbI,YabsGbU2abs,Y2abs); 
XabsGbl := X2abs; 
YabsGbl := Y2abs; 
end; (of procedure DrawLineUser) 

procedure DrawPoint; 

(Draws a point at current invisible graphics cursor position} 

begin (of procedure DrawPoint) 
PutPixel(XabsGbl,YabsGbl,DrawColor); 
end; (of procedure DrawPoint) 

procedure DrawBarUsert Xuser.Yuser: Real); 

(Draws a bar with current invisible graphics cursor as one comer and 
the comer diagonal to it given by (Xuser.Yuser): leaves invisible 
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graphics cursor at (XusCT.Yuser) after drawing line} 

var 
X2abs.Y2abs: integer, 

begin (of procedure DrawBarUser) 
USERtoABS(Xuser.Yuser.X2abs,Y2abs); 
Bar(XabsGbl,YabsGbl,X2abs.Y2abs): 
XabsGbl := X2abs; 
YabsGbl := Y2abs; 
end; ( procedure DrawBarUser ) 

procedure DrawCircfeUser(Xuser,Yuser,RadiusUser Real); 

,'Draws a circle with center given by first two parameters and radius 
given by the third } 
var 
Xabs,Yabs,origin,intersection,RadiusAbs; integer; 
RadiusXuser: real; 

pixels: string; 

begin (of procedure DrawCircleUserj 
USERtoABS(Xuser,Yuser,Xabs,Yabs); 
origin := Xabs; 
RadiusXuser := Xuser + RadiusUser; 
USERtoABS(RadiusXuser,Yuser,Xabs,Yabs); 
intersection := Xabs; 
RadiusAbs .= abs(intersection - origin); 

{str (RadiusAbs:!, pixels); 
OutTextXr- (MaxX div 2, (MaxY div 2 + 50), pixels); 

MoveUser (8000,8000); 
Bar (XabsGbl.YabsGbl.XabsGbl + 3,YabsGbI + 3); ) 

USERtoABS(Xuser,Yuser,Xabs,Y2bs); 
Circle(Xabs,Yabs,RadiusAbs); 
end; ( procedure DrawCircleUser) 

procedure OutTextXYUser(Xuser,Yuser; Real; Text: String); 
var 
Xabs.Yaos: integer 

begin 
USERtoABS(Xuser,Yuser,Xabs.Yabs); 
OutTextXY(Xabs.Yabs.Text): 

end; 

procedure DrawSymbol(i: Integer); 

(Draws 7x7 symbolp] centered at invisible graphics cursor position) 
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var 
x.y. 
row, 
column : Integer; 
pattern : Byte; 

begin (of procedure DrawSymbol) 
if (i<0) or (i>MaxSymbol) then (check range of Symbol) 
begin 

Errorcode:=-il; 
writeln (GraphErrorMsgfErrorCode)); 

end; 
y:= YabsGbl- 3; (start at top.left of character block) 
x := XabsGbl - 3; 
for row := 0 to 6 do 
begin 
pattern ;= Symbol[i,row); 
for column := 0 to 6 do 

if (pattern and (S80 shr column))<>0 
tfienPutPixel{x+column,y+row,DrawColor); 

end; 
end; (of procedure DrawSymbol) 

procedure Defines ymboKi: Integer; a,o,c,d,e,f,g: Byte); 

(Defines symbol(i) such that Byte a = top row. Byte b = second row, etc.) 

begin (of procedure DefineSymbol) 
if (i<0) or (i>MaxSymbol) then (check ran^e Oi Symbol) 
begin 

Errorcode:=-ll; 
writeln (GraphErrorMsg(ErrorCode)); 

end; 
Symbol[i,0] := a; 
Symbol[i,l]:=b; 
Symbol[i,2) := c; 
Symbol[i31 := d; 
Symbol[i,4] ;= e; 
Symbolic] := f; 
Symbol[i,6] := g; 
end; (of procedure DefineSymbol) 

procedure Symbollnit; 
begin 
DefineS>mbol(0,S10.S7C.S7C^FE.S7C.S7C.S10) 
DefineSyrnbol(l,S00,S38,S44.S54,S44,S38.S00); 
DefineSymU)l(2.SOO,SOO.S10.S38.S10.SOO.SOO); 
end; 

procedure Plotlniu 
var 
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xiack, y » d i : word; 
xiachdun, yiachdiirj: real; 

begin { procedure Pkxlnii) 
13LXABS := 0; ULYABS - 0; 
if GetDeviceType = ScreenDev then 
begin 
LRXABS := GetMaxX: LRYABS := GeiMaxY; 
MaxX s= GetMaxX: MaxY := GetMaxY; 

end 
else if (GetDeviceType = PrimDev) or {GetDeviceType = PlotDev) then 
begin 

GetDPI (xdpi, ydpi); 
GetPageSize (xinch, yinch); 
xincbdim := xinch / 1000; 
yincbdim := yinch /1000; 
LRXABS := round(xinchdim * xdpi) - 1 ; 
LRYABS :=round(yinchdim * ydpi) -1 ; 
MaxX := LRXABS; 
MaxY := LRYABS; 

end; 
XabsGbl := ULXABS; {Invisible graphics cursor starts) 
YabsGbl := ULYABS; (in upper left corner) 
ULXSCR := ULXScreen; {Screen coordinate system defined here;) 
ULYSCR := ULYScreen; (these may be changed by the user in) 
LRXSCR := LRXScreen; {the const declaration section above) 
LRYSCR := LRYScreen; 
DefineWindow(ULXSCR,ULYSCRLRXSCRLRYSCR); {Default window is entire screen) 
end: {of procedure Plotlnit) 

end. {ofunitgrafulil) 

2.9 txsplot.pas 

{txsplot.pas ) 

{contents: ) 

{i. useful (repetitive) ) 

{ procedure txs_draw_ucks (tick_axis: integer ) 
{ constantjimit: real: ) 
{ code: integer; ) 
{ label_ticks: boolean) ) 

{ii. while experiment is running ) 

{ procedure txs_label_axes (axis: integer) ) 

{procedure ixs_draw_axes ) 

{ procedure txs_x_y_iicfcs (y_data; integer) ) 

294 



(pcoceduie txs_replot (y_d»u, poiMjcoum: intege.. visible: boolean) ) 

{ procedure txs_plot_point (count, y_data: integer) } 

{procedure sci_done_flag ] 

{iii. after experiment } 

( procedure p_txs_draw_axes (x_axis, y_axis: integer) ) 

{procedure p_cxs_plot_points (x_axis, y_axis: integer) ) 

( procedure j_hard_copy (x_axis, y_axis: integer) } 

{ function set_txs_axis (var axis: integer): boolean ] 

{procedure dump_experiment_scrcen ) 

{procedure show_txs_plot_parameters ) 

( procedure plot_menu ] 

unit txsplot; 

(SO+) 
(SF+) 

interface 

usesglobals,utiIity,insgrdrv,plotutil,graph,graphadd,grafutiI,CRT,DOS; 

const 
Font: Integer = DcfaultFont; 

procedure txs_draw_ticks (tick_axis: integer; constantjimit: real; 
code: integer, label_ticks: boolean); 

procedure txs_Iabel_axes (axis: integer); 
procedure txs_draw_axes; 
procedure txs_x_y_ticks (y_data: integer); 
procedure Ces_replot (y_data, point_count: integer; visible: boolean); 
procedure txs_plot_point (count, y_data: integer); 
procedure set_done_flag; 
procedure p_txs_draw_axes (x_axis, y_axis: integer); 
procedure p_txsj)lotj»ims (x_axis, y_axis: integer); 
function set_i.s_a.xis (var axis: integer): boolean; 
procedure duMp_txs_experiment_screen; 
procedure show_txs_pkH_parameters: 
procedure txs_ptotting_parameters; 
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implementation 

procedure txs_draw_ticks (tick.axis: integer 
consunijimit: real; 
code: integer 
Iabel_ticks: boolean); 

vir 
DeviceType. xdotnum, ydotnum: integer 
uck_mtrk, tick_step: real; 
lick_Iabel: string[8]; 
decimal_places: integer, 

begin {procedure txs_draw_ticks ] 

{ find tick length for graphics in absolute number of dots } 
DeviceType := GetDeviceType; 
if DeviceType = ScreenDev then 
begin 

xdotnum := 4; 
ydotnum := 4; 

end 
else if DeviceType > 0 then 

begin 
xdotnum := xdpi div 12; 
ydotnum := ydpi div 12; 

end; 

{ find tick step size } 
if (abs (plot_max [tick_axis] - plot_min [tick_axis]) >= 1.0) then 

tick_step := exp (In (10.0) * int 
(In (abs (plot_max [tick_axis] - plot_min [tick_axis])) / In (10.0))) 

else 
tick_step := exp (In (10.0) * int 
(-1.0 + In (abs (plot.max [tick_axis] - pIoi_min [tick_axis])) 
/In (10.0))); 

iick_mark := int (p!ot_min [tick_axis] / tick_step) * tick_step; 
if (tick_mark < ploi_min [tick_axis]) then 

tick_mark := tick_mark + tick_step; 
decimal_places := nunc (-In (tick_step) / In (10.0)); 
if ((tick_mark + (2.0 * tick_step)) >= plot_max [tick_axis]) men 

begin 
tick_step := tick_step / 2.0; 
decimal_places := decimal _places + I; 
tick_mark := int (plot_min [lick_axis] / tick_step) * Jc_step; 
if (tick_mark < plot_min [tick_axis]) then 

tick_tnark := tick.mark + tick_step; 
end 

else if ((Uck_mark + (S.O * tick_step)) < ptot_ir jt [iick_axis]) then 
begin 

tick_step := tick_step * 2.0; 
nck_nmk := int (plot_min [tick_axisj / iick_step)» uck_step: 
if (tick_mark < plot_min [tick_axis]) then 

Bck_mark ;= tick_mark + tick_step; 
end: 
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if (decimal jjiiees < 0) then 
decimaljjlaees := 0; 

(draw tick marks) 
while (iick_mark < plol_max [tick_axis]) do 
begin 
case code of 

0 : begin ( bottom } 
MoveUser (tick_marfc, constantjimit); 
Line (Xabsgbl. (Yabsgbl -1), Xabsgbl. (Yabsgbl - ydotnum)); 
if label_ticks then 

begin 
str (tick_mark: (dccimal_places + 1): (decimaLplaces + 1), 

tickjabel); 
MoveUser (tick_mark, constantjitnit); 
MoveRel (0, (TextHeight(tick_label) div 2)); 
bSetTextSlyle (Font, HorizDir, 1); 
SetTex Justify (CenterText, TopText); 
OutText (tickjabel); 

end; 
end; 

1 : begin (left) 
MoveUser (constantjimit, tick_mark); 
Line ((Xabsgbl + 1), Yabsgbl, (Xabsgbl + xdouium), Yabsgbl); 
if label_ticks then 

begin 
str (tickjnark: (decitnal_places + 1): decimaLplaces, 

tickjabel); 
MoveUser (constantjimit, tick_mark); 
bSetTextStyle (Font, HorizDir, 1); 
SetTextlustify (RightText, CenterText); 
OutText (tickjabel); 

end; 
end; 

2 : begin (top ) 
MoveUser (tick_mark, constantjimit); 
Line (Xabsgbl, (Yabsgbl + 1), Xabsgbl, (Yabsgbl + ydotnum)); 
if label_ticks then 

begin 
str (tick_mark ; (decimaLplaces + 1): (decimaLplaces + 1), 

tickjabel); 
MoveUser (tick_mark, constantjimit): 
bSctTextStyle (Font. HorizDir, 1); 
SetTexdustify (CenterTexi. BottomText); 
OutText (tickjabel); 

end: 
end; 

3 : begin | right) 
MoveUser (constant Jimit. uck_mark): 
Line ((Xabsgbl -1), Yabsgbl. (Xabsgbl - xdomum). Yabsgbl): 
if label_ticks then 

begin 
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sa (ock.aurk: (decinuLplaces + 1): decimalj>Uces. 
tickjabel); 

MoveUjer (constanljimit. tick_mark); 
MoveRel{2,0); 
bSetTextStyle (Font, HorizDir, 1): 
SeiTexUustify (LeftTexu CentcrText); 
OutText(tick_label): 

end; 
end; 

end; {case code} 
tick_mark := tick_mark + lick_step; 

end; 
end; { procedure draw_ticks } 

• a * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * " * * * * * * * * * * * * * * * * 1 

procedure lxs_label_axes (axis: integer); 
begin 
case axis of 

laser_wavelength: 
begin {laser_wavelength, x axis ) 
SetColor (Cyan); 
bSetTextStyle (Font, HorizDir, 1); 
SetTexJustify (CenterText, BottomText); 
OutTextXY ((GetMaxX div 2), GetMaxY, 

axisjabel [Iaser_wavelength]); 
end; 

detached_electron_signal: 
begin 
SetColor (Green); 
bSelTextStyie (Font, VertDir, 1); 
SetTextIustify(LeftText,CenterText); 
OutTextXY (TexiHeight(axisJabeI [detached_eIectron_signaI]), 

(GetMaxY* 3 div 4), 
axisjabel [detachcd_electron_signal]); 

end; 

laser_power: 
begin 
SetColor (Red); 
bSelTextStyie (Font, VertDir, 1); 
SetTextJustify(RightTexl.CenierText); 
OutTextXY (GetMaxX.(GetMaxY • 3 div 4), 

axisjabel [laser_power)); 
end; 

dissociaied_radical_signal: 
begin 
SeiColor (Blue): 
bSetTextStyle (Font, VertDir. 1); 
SetTexihistiry (LeftTexuCenicrText); 
OuiTextXY (TcxiHeight(axisJabeI [dissociaied_iadicai_signal]). 
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(GelM»xYdiv4), 
axisjabel [dissociaied_radical_signal]); 

end: 

normalized_signal: 
begin 
SetColor (LigblGray); 
bSetTextStylc (Font, VenDir, 1); 
SetTexiJustify (RightText,CenterText); 
OutTexlXY (GetMaxX,(GelMaxY div 4), 

axisjabel [normalized_signal]); 
end; 

end: { case axis } 
end; ( procedure txs_label_axes J 

procedure txs_draw_axes; 
begin ( procedure lxs_draw_axes) 

(draw box } 
DefineWindow (80,60,920,940): 
DefmellserCoordinaies (pIot_min [Iaser_wavelength], 1.0, 

plot_max [laser_wavelength], -1.0); 
MoveUser (plot_min [Iaser_wavelength], -1.0); 
SetColor (Green); 
DrawLineUser (plot_min [laser_wavelcnglh], 0.0); 
SetColor (Blue); 
DrawLineUser (plot_min tlaser_wavelengthj, 1.0); 
SetColor (Cyan); 
DrawLineUser (plot_max [Iaser_wavelength], 1.0); 
SetColor (LighlGray); 
DrawLineUser (plot_max [laser_wavelength), 0.0); 
SetColor (Red); 
DrawLineUser (plot_max [laser_wavelengthj, -1.0); 
SetColor (Cyan); 
DrawLineUser (plot_min [laser_wave!engthl,-1.0); 
MoveUser (plot_min flaser_wavelength], 0.0); 
DrawLineUser (plot_max [laser_wavelength], 0.0); 
txsJabeLaxes (Iaser_wavelength); 
txs_label_axes (detached_electron_signal); 
txs_label_axes (laser_powcr); 
txs_Iabel_axes(dissociated_radical_signal): 
lxs_labeLaxes (normalized_signal); 

SetColor (Cyan); 
txs_draw_ticks (laser_wavelenglh, 1.0,2, TRUE); 
txs_draw_ticks (lasef_wavelength, 0.0,0. FALSE); 
txs_draw_u'cks (laser_wavelenglh. 0.0.2, FALSE): 
txs_draw_ticks (laser_wavclength, -1.0,0, TRUE): 

SetColor (White): 
bSeflextSiyle (Font. HorizDir, 1); 
SetTexiJustify (CenterTcxt, TopText): 
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OatTextXY (GetMaxX div 2,0. 
Tool Phottdioociiiion Cross Section Experiment'); 

end; {procedure txs_draw_axes ) 

procedure txs_x_y_ticks (y_data: integer); 
begin {procedure txs_x_y_ticks ) 

(y ticks) 
if (y_data = dissociated_radical_signaI) then 

txs_draw_ticks (dissociated_radical_signal, 
plot_min [laser_wavelength], l.TRUE) 

else if (y_data = normalized_signal) then 
Ks_draw_ticks (normaIized_signal, 

plot_majt rjaser_wavelengih], 3, TRUE) 
else if (y_data = detached_electron_signal) then 

txs_draw_ticks (detached_electron_signal, 
plot_inin 0aser_wavelength), l.TRUE) 

else if (y_data = laser_power) Uien 
txs_draw_ticks (laser_power, 

plot_max [laser_wavelength], 3, TRUE); 
end; { procedure Dts_x_y_licks ) 

t ft*,**************************************************************** i 

procedure txs_replot (y_data, point_count: integer; visible: boolean); 
var 
i : integer; 

begin ( procedure txs_replot) 
if (y_data = dissociated_radtcal_signal) or (y_data = normalized_signaI) then 

DefineWindow (80,60,920,500) 
else 

DefineWindow (80,500,920,940); 
DefineUserCoordinates (plot_min [laser_wavelength], 

plot_max [y_data], 
pIot_max [laser_wavelength], 
plot_min [y_data]); 

if visible Uien 
begin 
rxsjabel_axes (y_data); 
if (y_data = detached_electron_signal) then DrawColor := Green 
else if (y_data = laser_power) then DrawColor := Red 
else if (y_data = dissociated_radical_signal) then DrawColor := Blue 
else if (y_data = normalized_signal) then 
begin 
DrawColor := LightGray; 
SetColor (LightGray); 

end; 
end 

else 
begin 

DrawColor := Black: 
SetColor (Black); 
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end: 
txs_x_y_ticks (y_data): 
if GetDeviceType = 0 then 

begin 
for i := ] co point_coum do 

begin 
MoveUser (data* [i, laser_wavelengih], data* [i, y_data]); 
if ploi_little_crosses then 
DrawSymbol (2) 

else 
DrawPoinu 

end; 
end: 

if ((y_data = normalized_signal) and (lines = TRUE)) or (GetDeviceType > 0) 
(hen 
begin 
MoveUser (dataA [1, laser_wavelength], data* [1, y_data]); 
for i := 2 to point_count do 
DrawLineUser (dataA [i, laser_wave!ength], data* [i, y_data]); 

end; 
end; ( procedure txs_rep!oi) 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

procedure txs_plot_point (count, y_data: integer); 
begin 
if ((count = 1) and (y_data = dissociated_radical_signa!) or 

(count = 1) and (y_data = normalized_signal)) then 
begin 
min [y_data] := 

dataA [count, y_data] -1.0; 
max [y_data] := 

dataA [count, y_data] + 1.0; 

plot_max [y_data] := 
max [y_data] + 
0.1 *(max [y_dataj -
min [y_data]); 

plot_min [y_data] := 
min [y_data] -
0.1 * (max [y_data] -
min [y_dataj); 

tiiresh_max [y_data] := 
max [y_data] + 
0.05 * (max [y_daia] -
min [y_data]); 

lhresh_min [y_data] := 
min [y_data) -
0.05 * (max [y_data] -
min [ydata]); 
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DefineWindow (80.60.920.500): 
DtfineUserCoordiuies (ptoc.mifl fbser_ wavelength], 

pkx_max [y_data], 
pfocmax [iaser_wavelength), 
plot.min [y_data]); 

if y_data = dissociated_radical_signal then 
begin 
SetColor (Blue); 
DrawColor := Blue; 

end 
else 

begin 
SetColor (LightGray); 
DrawColor ;= LightGray; 

end; 
cxs_x_y_ticks (y_daia); 
MoveUser (data" [count, laser_wavelength], 

data* [count, y_daia]); 
if ploi_little_crosses then 
DrawSymbol (2) 

else 
DrawPoint; 

end; 
if (dataA [count, y_data] > lhresh_max [y_data]) then 
begin 

txs_replot (y_data, (count -1), FALSE); 
max [y_data] := data* [count, y_data]; 
plot_max [y_data] := max [y_data] + 

(0.1 * (max [y_data] - min [y_data])); 
thresh_max [y_data] := max [y_dataj + 

(0.05 * (max [y_data] - min [y_data])); 
txs_replot (y_data, count, TRUE); 

end 
else if (dataA [count, y_data] < thresh_min [y_data]) then 

begin 
txs_replot (y_data, (count -1), FALSE); 
min [y_data] := data* [count, y_dataj; 
plot_min [y_data] := min [y_data] -

(0.1 * (max [y_data] - min [y_data])); 
thresh_min [y_data] := min [y_data] -

(0.05 * (max [y_data] - min [y_data])); 
txs_repiot (y_data, count, TRUE); 

end 
else 

begin 
if (y_data = dissociated_radicaLsignal) 

or (y_data = normalized_signal) then 
DefineWindow (80,60,920,500) 

else 
DefineWindow (80.500.920.940); 

DefineUscrCoordiiuues (ploi.min [laser_wavelengihl. 
plot_max [y_data], 
plot_max [laser_wavelengih], 
plot_min ty_data)): 
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if (y_data = detached_electron_signal) then DrawColor := Green 
else if (y_dau = laser_power) iben DrawColor := Red 
else if (y_data = dissociated_radical_signal) ihen DrawColor := Blue 
else if (y_data = normalized.signal) then DrawColor := LighiGray. 
MoveUser (data* [count, laser_wavelength], data* [count, y_daia]); 
if pIot_little_crosses then 
DrawSymbol (2) 

else 
DrawPoinu 

if (y_data = normalized_signal) and (count > 1) and (lines = TRUE) dien 
begin 
SetColor (LightGray); 
MoveUser (data* [count - 1 , x_axis], dataA [count - 1 , y_data]); 
DrawLineUser (data* [count, x_axisj, data" [count, y_data]): 

end; 
end; 

end; { procedure txs_plot_point) 

procedure set_done_flag; 
var 
i : integer, 

begin ( procedure set_done_flag } 
bSetTextStyle (Font, HorizDir, 1); 
SetTextJusiify(CenterTexi,TopText); 
SetColor (Yellow); 
OutTextXY ((GetMaxX div 2), (GetMaxY * 4 div 5), 

'DONE! Hit any key to continue...'); 
For i := 1 to 8 do 

begin 
Sound (1000); 
Delay (100); 
NoSound; 
Delay (100); 

end; 
Repeat 
SetFillSlyle (EmptyFill, EmptyFill); 
Bar ((GetMaxX div 2 - (TexiWidth ('DONE! Hit any key to continue...') div 2)), 

(GetMaxY * 4 div 5), 
(GetMaxX div 2 + (TexiWidth ('DONE! Hit any key to continue...') div 2)), 
(GetMaxY * 4 div 5 + TexiHeightCD'))); 

Delay (200); 
SetColor (Yellow); 
OuiTextXY ((GetMaxX div 2), (GetMaxY * 4 div 5). 

'DONE! Hit any key to continue...'); 
Delay (200); 

until KeyPressed: 
end; ( procedure set_done_flag ) 

procedure p_lxs_draw_axes (x_axis, y_axis; integer); 
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DefineWiodow (100.100.1000.900): 
DefiiieUjerCcordinates (pkx.min [x_axis], ptot_max [y_axis]. 

ploi.max [x_axis). pkH_min Iy_axis]): 

SeiCbior (White); 

{draw box} 
MoveUser (plot_min [x_axis], plot.min [y_axis]); 
DrawLineUser (pkH_min [x_axis], pIot_max [y_axis]): 
DrawLineUser (plot.max [x_axis], plot.max [y_axis]); 
DrawLineUser (plot.max [x_axis], plot_min [y_axis]); 
DrawLineUser (plot.min [x_axis], plot_tnin [y_axisj); 

{labelyaxis) 
bSetTextStyle (Font, VertDir. i); 
SetTexUustify (LeftText, CenterText); 
OutTextXY (TextHeighl(axisJabel [y_axis)), (GetMaxY div 2), 

axisjabel (y_axis]); 

(label x axis ] 
bSetTextStyle (Font, HorizDir, 1); 
SetTextJiistify (CenterText, BottomText); 
OutTextXY ((GetMaxX div 2 + GetMaxX div 20), GetMaxY, 

axisjabel [x_axis]); 

SetCoIor (White); 
txs_diaw_ticks (x_axis, plot_min [y_axis], 0, TRUE); 
txs_drawjicks (x_axis, plot_max [y_axis], 2, FALSE); 
txs_draw_licks (y_axis, plot_min [x_axis], 1, TRUE); 
txs_draw_ticks (y_axis, plot_max [x_axis], 3, FALSE); 

(label title ) 
bSetTextStyle (Font, HorizDir, 1); 
SetTexUustify (CenterText, TopText); 
OutTextXY (GetMaxX div 2 + GetMaxX div 20,0, 

Total Photodissociation Cross Section Experiment'); 
OutTextXY (GetMaxX div 2 + GeiMaxX div 20, (TextHeight (T) * 3), 

(axisjabel [y_axis] + ' vs.' + axisjabel fx_axisj)); 

{label file name ) 
SetColor (Red); 
bSetTextStyle (Font, HorizDir, 1); 
SetTex Justify (LeftText, BottomText); 
OutTextXY (0, GetMaxY, datajile_name); 

end; { procedure p_txs_draw_axes ) 

procedure p_txsjlotjoints (x_axis, y_axis: integer); 
var 
plotjinle.crosses; boolean; 
i; integer, 

begin { procedure p_txs_plot joints ) 
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pJocJitrle erases := ( com < 500); 
DrawCoJor := Red: 
•f ptotjines Ihen 
begin 
SetColor (Red); 
MoveUser (data" [1. x_axis], data" [1, y_axis]); 
for i:= 2 to count do 
DrawLineUser(dataA [i, x_axis], daiaA [i, y_axisj); 

end 
else 

begin 
for i := 1 to count do 

begin 
MoveUser (dataA [i, x_axis), data* [i, y_axis)); 
if plot_l'Ule_crosses then 

DrawSymbol (2) 
else 

DrawPoint; 
end; 

end; 
end; { procedure p_txs_plot_points ) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * I t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

function sct_txs_axis (var axis: integer); boolean; 
var 
i, old_axis: integer; 
ch: char, 

begin ( function sel_txs_axis ) 
old_axis := axis; 
if not GraphicsOn then 

begin 
for i := 0 to max_column do 

writeln ( i : l , ' ; ' , axisjabe! [i]); 
writeln; write ('? > '); 

end; 
ch := Readkey; ch := upcase(ch); 
if not GraphicsOn then 

writein (ch); 
if ((ord(ch) - ord('O')) in [O..max_column]) then 

begin 
axis := (ord(ch) - ord('O')); 
if (axis = old_axis) then 
set_txs_axis := FALSE 

else 
set_ixs_axis := TRUE; 

end 
else 

sei_txs_axis ;= FALSE; 
end; j function set_txs_axis) 

procedure draw_txs_dump_screen: 
begin 

1 drav.' axes ] 

305 



f pkHdau} 
SetLineStyle (3,0.1): 
txs_replot (User_power, count. TRUE); 
SetLineStyle (2,0.1); 
txs_replot (dissociaied_radical_signal. count, TRUE); 
SetLineStyle (1,0,1): 
lxs_repIot (detached_electron_signal, count. TRUE): 
SetLineStyle (0.0.1): 
lxs_replot (normalized_signal. count, TRUE); 

(label file name ) 
{SetColor (Red);] 
bSeiTextStyle (Font, HorizDir, 1); 
SetTextfustify (LeftText, BottomText); 
OutTextXY (0, GetMaxY, data_file_name); 

end; 

procedure dump_txs_experiment_screen; 
begin 

(show_screen_dump_parameters; 
screen_dump_menu;) 

{ Put on screen what will go lo output device ) 
SeiGraphMode(GraphMode); 
GraphicsOn := TRUE; 
draw_txs_dump_screen; 

{ Now output to PS LaserWriter ) 

prevent_clear_screen; 

erase_oId_portfile; 

enterJaserwriter_graphics_mode; 

( Draw Plot of Data ) 
draw_txs_dump_screen; 

plot_graph_and_exit: 

lpr_plot_to_laserwriter; 

InstallScreenGraphicsD river, 
TextColor (14); 

end; 

( , . . . . , . . .„ . . , . .» .„. . . . . , . . , , .„ , .„ . . . . , . . „ . . , . - . . „ . . . , , 

procedure put_plot_to_screen; 

{ called just before putting plot to graphics device } 
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begin 
if not GraphicsOn then 
begin 
SeiGraphMode(GraphModc): 
GraphicsOn := TRUE 
p_txs_diaw_axes (x_axis. y_axis); 
p_txs_plot_poinis (x_axis. y_axis): 

end; 
end: 

procedure show_txs_plol_parameters; 
var 

x, y : inieger, 
begin { procedure show_txs_plot_paramett;rs ) 
x — whercx; y := wherey; 
window (37,1.80,24); 
clrscr: icxicolor (9 \ 
GoToXY(l^); 
writeln ('Plot Parameters Slams'); 
writem C '); 
writeln; 
writeln ('X axi«:', axis_label [x_axisj); 
wr eln CY axis :', axis_label [y__axisj); 
if plot Jines then 
writeln CPlot with Lines') 

else 
writeln ('Plot with Dots'); 

writeln; 
if plot_from_zero t/ien 
writeln fScale Plot from Zero') 

else 
writeln ('Scale Plot to Fill Screen'); 

end; ( procedure show_txs_plot_parameters ] 

procedure txs_plotting_paramcLcrs; 
var 

ch; char; 
axis, upper_y : integer; 
procedue show_txs_plot_menu: 
begin 

if not GraphicsOn then 
begin 
window (1,1, 36,24); 
clrscr; lextcolor (2); 
writcln (' Plot Menu'); 
writeln ('--- '); 
writeln; 
writeln ('S : Plot on Screen); 
writeln fP : Plot on LaserWriter'); 
wriieln ('H : Plot on HP Plotter); 
writeln: 
writeln ('X : Xaxis); 
writeln ('Y : Y axis "i; 
writcln ("E : Experiment Screen'): 
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wriieto CD: Dots'); 
writelnCL-' Lines'); 
wriieln CZ: Zero (toggle)*}; wriieln; 
writeln CQ: Quit Plot Menu'); writeln: 
upper_y := wherey; 

end; 

begin (procedure Dtsj)kHUng_parameters} 
repeat 

if not GraphicsOn then 
begin 
show_txs_pIot_menu; 
show_Ks_pIot_parameters; 
window (1, upper_y, 80,24); clrscr, 
lextcoior (14); 
write C? > J. 

end; 
ch := Readkey; ch := upcase (ch); writeln (ch); writeln; 
if not GraphicsOn then 

begin 
writeln (ch); 

end; 
case ch of 

'S ' : begin 
put_plot_lo_screen; 

end: 

•H: begin 
( Plot it to screen first) 
put_plot_to_screen; 
prevenLclear_screen; 
enter_hp7470plotter_graphics_mode; 

{ Draw Plot of Data ) 
p_txs_draw_ax_s (x.axis, y_axis); 
p_txs_plot_points (x_axis, y_axis); 

plot_graph_and_exit; 

( The screen is still in graphics mode. This puts it back in 
text mode. It is then neccessary to reload the Screen 
Graphics driver and replace the menu on the screen. ) 

textmodcfLastMode); 
magic* := hold; 

InsiaHScrcaiGraphicsDriver 
TextColor (14 + Blink); 
GoToXY(I.I2): 
*Tiie f Graphics plotting completed ', 

Press <cnter> lo continue..."); 
readln: 
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end; 

T: bejin 
put_plot_to_screen; 
prevent_clear_scieen; 
erase_old_ponfile; 

enterJaserwri(er_graphics_mode: 

{Draw Plot of Data J 
p_txs_draw_axes (x_axis, y_axis); 
p_txs_plot_poims (x_axis, y_axis); 

plot_graph_and_exit; 

lpr_pIot_to_laserwriter, 

rnstallScreenGraphicsDriver. 
end: 

X : begin 
if set_txs_axis (x_axis) then 

if GraphicsOn then 
begin 
ClearDevice; 
p_txs_draw_axes (x_axis, y_axis); 
p_txs_plot_points (x_axis, y_axis); 

end 
else 

show_cxsjlot_parameiers; 
end; 

'Y': begin 
if set_txs_axis (y_axis) then 

if GraphicsOn then 
begin 
ClearDevice; 
p_txs_draw_axes (x_axis, y_axis); 
p_[xs_plot_poinis (x_axis. y_axis); 

end 
else 

show_txs_plot_parameters; 
end: 

"E : begin 
if not GraphicsOn then 

begin 
SeiGraphMode(GraphMode); 
GraphicsOn := TRUE; 

end: 
draw_ixs_dump_screen; 
(if ask_for_boolcan f Output screen display to LaserWriter?") 

then 
begin 
dump_txs_expcrimeni_screcn; 
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end:] 
end: 

"D':bejin 
if (GraphicsOn and plotjines) then 

begin 
plot.lines := FALSE; 
ClearDevice; 
p_txs_draw_axes (x_axis, y_axis); 
p_Rsj)ltH_poims (x_axis. y_axis); 

end 
else 

begin 
plotjines := FALSE; 
show_txs_plol_parameiers; 

end; 
end; 

1 / : begin 
if (GraphicsOn and not plotjines) then 

begin 
plotjincs := TRUE; 
p_txs_plot_poincs (x_axis, y_axis); 

end 
else 

begin 
plotjines := TRUE; 
show_txs_ploi_parameters: 

end; 
end; 

T: begin 
if plot Jrom_zero then 

for axis := 1 to max_column do 
begin 
p!ot_min [axis] := min [axis] - (0.1 * 

(max [axis] - min [axis])); 
plot_max [axis] := max [axis] + (0.1 * 

(max [axis] - min [axis])); 
end 

else 
for axis := 1 to max_column do 

begin 
plot_min [axis] := -(0.1 * max [axis]); 
plot_max [axis] := max [axis] + (0.1 * max [axis]); 

end; 
plotJ"rom_zero ;= not plot Jrom_zero; 
if GraphicsOn then 
begin 
ClearDcvice; 
p_txs_draw_axes (x_axis, y_axis); 
p_txs_plot_points (x_axis. y_axis); 

end 
else 

show_ixs_plot_parametcrs; 
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end; 

#13: begin 
if GraphicsOn [hen 
begin 
RestorcCRTMode; 
GraphicsOn := FALSE; 

end: 
show_ixs_plot_parame!ers; 

end; 

'Q': begin 
i f GraphicsOn then 
begin 
RestoreCRTMode; 
GraphicsOn := FALSE; 

end: 
end; 

end: { case ch | 
until (ch = 'Q'); 

end; ( procedure txs_plotting_parameters) 

end. { unit txsplot) 

2.10 tofplot.pas 

(tofplot.pas ) 

(contents: ] 

( i . useful (repetitive) ) 

( procedure draw_u'cks (tick_axis: integer: ) 
{ constantjimit: real; ) 
{ code: integer; ) 

{ labei_ticks: boolean) } 

{ii. while experiment is running 1 

( procedure labeLaxes (axis; integer) ) 

{ procedure x_draw_axes ) 

{ procedure x_y_ticks (y_data: integer) ) 

{ procedure x_rcplot (y_data, point_count: integer, visible: boolean) 

( procedure x_plot_point (count, y_data: integer) ) 

(procedure set_done_flag ) 

311 



(iii. after experiment ] 

{procedure p_draw_axes (x_ixis. y_axis: integer) 

[ procedure p_ploi_points (x_axis. y_axis: integer) 

( procedure j_hard_copy (x_axis. y_axis: integer) 

{ function set_axis (var axis: integer): boolean 

(procedure dump_experiment_screen 

{procedure show_plot_pararneiers 

{procedure plot_menu } 

unit tofplot; 

(SCM-) 
{SF+} 

interface 

usesglobals,utility,insgrdrv,graph,plotutil,graphadd,grafutil,CRT,t)OS; 

const 
Font: Integer = DefaultFonu 

procedure tof_draw_ticks (tick_axis: integer; 
constantjimit: real; 
code; integer; 
label_ticks: boolean); 

procedure tof_draw_axes (x_axis, y_axis: integer); 
procedure dump_tof_experiment_screen (x_axis, y_axis: integer; 

data_count: integer); 

r f t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i 

implementation 

procedure tof_draw_ticks (tick_axis: integer, 
constantjimit: real: 
code: integer, 
label_ticfcs: boolean): 

var 
xdotnum, ydotnum: integer, 
uck_mark. tick_step: real: 
tickjabel: string[8]; 
decirnal_places: integer. 

begin ( procedure tof_draw_ticks ! 
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xdotnum:=4; 
ydotnum:=4; 

{ find lick step size ) 
if (abs (tofjjlot.max [uck.axis] - iof_pkM_min [tick.axis]) >= 1.0) 
then 
lick.siep := exp (In (10.0) * 

int (In (abs (tof_plot_max [lick.axis] 
- tof_pkH_min [lick.axis])) / In (20.0))) 

else 
tick_step := exp (In (10.0) * 

int (-1.0 + In (abs (tof_plot_max [tick.axis] 
- tof_plot_min [tick_axis])) / In (10.0))); 

tick_mark := int (tof_plot_min [tick_axis] / tick_step) * tick_step; 
if (tick_mark < tof_plot_niin ftick_axis)) then 

tick_mark := tick_mark + tick_step; 
decimal_places := mine (-In (tick_step) / In (10.0)); 
if ((lick_mark + (2.0 * tick_step)) >= tof_plot_max [tick_axis)) then 

begin 
tick_step := tick_step/2.0; 
decimal_places := decimaLplaces + 1; 
tick_mark := int (tof_plot_min [tick_axis] / tick_step) * tick_step; 
if (tick_mark < tof_pIot_min [tick_axisj) then 

tick_mark := tick_mark + tick_step; 
end 

else if ((tick_mark + (5.0 * tick_step)) < lof_plot_max [tick_axis]) then 
begin 
tick_step := tick_step * 2.0; 
Uck_mark ;= int (tof_plot_min [tick_axis] / uck_step) * tick_step; 
if (tick_mark < tof_pIot_min [tick_axis]) then 

tick_mark := tick_marfc + lick_step; 
end; 

if (dccimal_places < 0) then 
decimal_places := 0; 

( draw tick marks ] 
while (tick_mark < tof_plot_max [tick_axis]) do 

begin 
case code of 

0 : begin [ bottom ) 
MoveUser (tick_mark, constantjimit); 
Line (Xabsgbl, (Yabsgbl -1), Xabsgbl, (Yabsgbl - ydotnum)); 
if label_ticks then 

begin 
str (tick_mark; (decimal_places + 1): (decimal_places + 1), 

tickjabel); 
MoveUser (tick_mark, constantjimit); 
MoveRel (0. (TextHeight(tick_label) div 2)); 
bSetTexiSlyle (Font, HorizDir. 1): 
SetTextJusiify (CenterText, TopTcxt); 
OutText (tickjabel); 

end; 
end; 
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J : b e f « [ t e f t ] 
MoveUier (consumjimit, lick.nurk): 
Line ((Xsbsfbl +1). YjtejbL {Xabsgbl + xdotnom). YabsfU); 
iflibel_ticksihen 

beftn 
str (tick_mjfk: (decimiLplaces + 1): decimaLplaces. 

tickjibel): 
MoveUser (constantJimit, tick.mark); 
bSeiTextStyle (Font, HbrizDir. 1); 
SetTexiJustify (RightText, CenierText); 
OutText (tidcjabel); 

end: 
end; 

2 : begin {top ) 
MoveUser (tick_mark, constant_limit); 
Line (Xabsgbl, (Yabsgbl + 1), Xabsgbl, (Yabsgbl + ydotnwn)); 
if label_ticks then 

begin 
sti (tick_mark: (decimaLplaces + 1): (decimaLplaces + 1), 

tickjabel); 
MoveUser (tick_mark, consiantjimil); 
bSetTextStyle (Font, HorizDir, I); 
SetTextJustify (CenterText, BottomText); 
OutText (tickjabel); 

end; 
end; 

3 : begin ( right) 
MoveUser (constantjimit, tick_mark); 
Line ((Xabsgbl -1), Yabsgbl, (Xabsgbl - xdotnum), Yabsgbl); 
iflabel_ticksthen 

begin 
str (tick_mark: (decimaLplaces + 1): decima1 places, 

tickjabel); 
MoveUser (constantjimit, tick_mark); 
MoveRel (2,0); 
bSetTextSlyle (Font, HorizDir, 1); 
SctTexUusiify (LeftText, CenterText); 
OutText (tickjabel); 

end; 
end; 

end; ( case code ) 
tick_mark := tick_mark + tick_stcp; 

end; 

end; ( procedure tof_draw_ticks ) 

/ **w:***«*a********w****x»*** i i **K*»***»*** i*********«x»c:k****************K** 

procedure tof_draw_axes (x_axis, y_axis : integer); 
begin 
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DefineWmdowOOO, 100.1000.900); 
OetineUserCoordinnes Oof_plot_niiii [lime], lof_pJoi_max lKsfjagsaI\. 

tof_plot._m» [time], iof_ploi_mm [tof.signal]); 

SeiCotor (LighiGtay); 

MoveUjer(iof_phx_min [time), u>f_plM_min [lof.signal]); 
DrawLineUser(tofj>loi_min [time], tof_plot_max [toLsigtull); 
DnwLineUser((of_ploe_max [time], lof_plM_max [iof_signal]); 
DrawLineUser(tof_plot_max [time], tofjpkx_min [tof_signal]); 
DiawLineUser (tof_pIot_min [time], tof_p!ot_min [tof_signal]); 

(label y axis ) 
bSetTexiStyIe(Font, VenDir, 1); 
SetTexUusiify (LeftTexl, CenterText); 
OulTextXY (TextHeight(tof_axis_labe! [y_axis]). (GetMaxY div 2), 

tof_axis_label [y_axis]); 

[ label x axis J 
bSetTextStyle (Font, HorizDir, 1); 
SetTextJusufy (CenterText, BouomText); 
OutTcxtXY ((GetMaxX div 2 + GetMaxX div 20), GetMaxY, 

tof_axis_labeI [x_axis]); 

tof_dniw_ticks (lime, tof_p'ot_min [tof_signal], 0, TRUE); 
tof_draw_ucks (lime, tof_plot_max [toLsignal], 2, FALSE); 
tof_draw_ticks (toLsignal, tof_plot_max [time], 3, FALSE); 
lof_draw_ucks (tof_signal, tof_plot_min [time], 1, TRUE); 

{ label title ) 
bSetTextStyle (Font, HorizDir, 1); 
SetTextJustify (CenterText, TopText); 
OutTextXY (GelMaxX div 2 + GetMaxX div 20,0, 

Time of Flight Mass Spectrum'); 
OutTexcXY (GetMaxX div 2 + GetMaxX div 20, (TextHeight (T) * 3), 

(tof_axis_label [y_axis] + ' vs.' + tof_axis_label [x_axis])); 

( label file name } 
SetColor (Red); 
bSetTextStyle (Font, HorizDir, 1); 
SetTextlustify (LeftText, BottomText); 
OutTextXY (0, GeiMaxY, data_file_name); 

end; { procedure tof_draw_axes ] 

» * * * * * « « W X * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * * * * * * * * * * * * * * * : * * * * * * * * : * * * * * * * * * * 

procedure draw_iof_dump_screen (x_axis, y_axis: integer 
data_coum; integer); 

var 
i : integer. 

begin 
tof_draw_axes (x_axis. y_axis); 
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Se*Cotor(L»|hrGriy); 
MowUserfl). iof_d«a* [0]): 
for»:= 110 (dau.couni -1) do 

begin 
DnwLioeUser 0. loLdata* [i]); 

end: 
end; {procedure draw_iof_dump_screen ) 

(..........,......,...............,.«..«.....«.«,.......-..«..--.,.., 

procedure dump_tof_experiment_screen (x_axts, y_axis: integer; 
data.count: integer); 

begin 
ishow_screen_dump_parameters; 
screen_dump_menu;) 

{Put on screen what will go to output device ) 
SetGraphMode(GraphMode); 
GraphicsOn ;= TRUE; 
draw_tof_dump_screen (x_axis, y_axis, data_count); 

( Now output to PS LaserWriter ) 

prevenl_clear_scrcen; 

erase-old_portfiIe; 

enter_laserwriter_grapruc5_mode; 

( Draw Plot of Data ) 

draw_tof_dump_screen (x_axis, y_axis, data_count); 

plot_graph_and_exit; 

lpr_plot_io_laserwriier, 
InstallScreenGraphicsDriver; 
TextColor (14); 

end; 

end. ( unit tofplot) 

2.11 plotutil.pas 

{plotulil.pas ) 

unit plotutil; 

(SO*} 
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{SF*} 

interface 

uses (lobals,utiKiy.ins{rdrv,graph,eraphaddjnfiiiiLCRTJX)S: 

const 
Font: Integer = DefaultFonu 

procedure set_done_flag; 
procedure prevent_clear_screen: 
procedure piot_graph_and_exii; 
procedure lpr_plot_u>Jaserwriter, 
procedure erase_old_ponfiIe; 
procedure cnttr_laserwriier_graphics_modc; 
procedure enter_hp7470plouer_graphics_mode; 

implementation 

procedure set_done_flag; 
var 
i : integer; 

begin ( procedure set_done_flag ) 
bSetTextStyle (Font, HorizDir, 1); 
SetTexUustify (CenterTexuTopText); 
SetColor (Yellow); 
OutTextXY ((MaxX div 2), (MaxY * 4 div 5), 

DONE! Hit any key to continue...'); 
For i := 1 to 8 do 

begin 
Sound (1000); 
Delay (100); 
NoSound; 
Delay (100); 

end; 
Repeal 

SetFillStyle (EmptyFill, EmptyFill); 
Bar ((MaxX div 2 • (TextWidlh ('DONE! Hit any key to continue...') div 2)), 

(MaxY * 4 div 5), 
(MaxX div 2 + (TextWidlh ('DONE! Hit any key to continue...') div 2)), 
(MaxY * 4 div 5 + TcxtHeigritCD'))); 

Delay (200); 
SetColor (Yellow); 
OutTextXY ((MaxX div 2), (MaxY * 4 div 5), 

'DONE! Hit any key to continue...'); 
Delay (200); 

until KeyPressed: 
end; ( procedure set_done_flag ) 

317 



prooedore prevcnc.clear_scre£n; 
begin 

{After putting a graph on die screen, save the magic address 
contents, then set it to SaS before calling closegraph 10 
prevent clearing die screen. ! 

bold :* magic"; magic" := SaS; 
bdasegrapb; 

end: (procedure prevent_clear_screen ) 

procedure plot_graph_and_exit; 
begin 

{ Plot the graph } 
ClearDevice; 
status := GraphStatus; 
if (status and S8000) o 0 then begin 

bCIoseCraph; 
AbortM (GraphStatusMsg(status)); 

end: 

{Exit Graphics ) 
bCloseGraph: 

end; ( procedure p!ot_graph_and_exit) 

procedure erase_old_portfile; 
var 
f: file; 

begin 

( Erase any existing old PortFILE plots so we don't print them as well) 
if exist('e:\ploLout') then 

begin 
assign (f, 'e:\plot.out'); 
erase (f); 

end; 
end; ( procedure erase_old_ponfile ) 

procedure lpr_p(ot_toJaserwriter; 
begin 

SwapVectors: 
ExecCc:V:ommand.com',7c lpr e:\plot.out'); 
SwapVectors; 
if DosError o 0 then 

begin 
TextModefLastMode); 
magicA := hold; 
TextColor (14 + Blink); 
GraphicsOn := FALSE; 
GoToXY (10.12): 
writeln fDos Error s ' . DosError); 
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write (Hit <enK» to continue..."): 
readln: 

end 
else 

begin 
TexiMoo"e(LastMode): 
magicA := hold: 
TexlColor(14 +Blink); 
GraphicsOn := FALSE: 
GoToXY (10.10); 
wnteln (Transfer of plot to LaserWriter successful."); 
writeln: 
writeln (' LPR exit code =' , DosExiiCode); 
writeln: 
write (' Hit <enter> to continue ...•); 
readln; 

end; 
end; {procedure lpr_plot_to_laserwriter) 

procedure enter_laserwriter_graphics_mode; 
begin 

[ Enter LaserWriter Graphics Mode ) 
Graphmode := Land or PortFile; 
bIniiGraph (PostScriptLaserWriterFile, Graphmode, PathToGraphics, @info); 
ErrorCode := GraphResult; 
if ErrorCodeoO then AbonM (GraphErrorMsg(ErrorCode)); 
status := GraphStatus; 
if (status and $8000) <> 0 then begin 

bCloseGraph; 
AbortM (GraphStatusMsg(status)); 

end; 
PloUnit; 
P!ot_Lines := TRUE; 

end; ( procedure enterJaserwriter_graphics_mode } 

procedure enter_hp7470plotier_graphics_mode: 
begin 

Graphmode := DraftPL or PortCOMl; 
WnitGraph (HP7470Plotter, Graphmode, PathToGraphics, @info); 
ErrorCode := GraphResult: 
if ErrorCodeoO then AbortM (GraphErrorMsgflSrrorCode)): 
status := GraphStatus; 
if (status and S8000) <> 0 then begin 
bCloseGraph: 
AbortM (GraphStalusMsg(status)); 

end: 
Plotlnit; 
Plot_Lines := TRUE; 

end; { procedure ) 

end. | unit plotulil) 
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2.12 parameter.pas 

(rjuarneterspas ) 

{ contents: } 

{ procedure experimental .parameters } 

{ menu for changing experimental set_up parameters ) 

(procedure gei_detacbment_wavelength ) 

{ procedure get_caI_offset ) 

{procedure check_range_vs_step ) 

( procedure get_initial_wavelength ) 

( procedure get_final_wavelenE ^ ) 

{procedure get_lambda_stcp ) 

[ procedure get_shots_per_poi' ) 

{procedure get_doubling ) 

( procedure get_use_etalon ) 

f procedure get_grating_orders I 

( procedure get_ADC ̂ channels ) 

( procedure get_zero_average_snoi_number ) 

( function read_set_up: boolean ) 
( initialize experimental set-up parameu-rs from a file J 
{ procedure write_set_up ) 
( write experimental set_up parameters to a file ) 

{procedure showjparameters ) 
( display experimental set_up parameters on right hand side of screen 1 

{ . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . , . . . . , . . , . . . , . . „ . . . . „ 

unit parameters; 

(SO+) 
(SF+) 

interface 

uses globals.utilit\\gpibiu:.ayc aser.DOS.CRi": 
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procedure titowjmmaas 
procedure tet.deuchment.'vivelengih; 
procedure (et_caI_o(tscc 
procedure check_ranje_vs_step: 
procedure check_max_dau; 
procedure gri_initial_wavefcnglh; 
procedure gei_fiaal_wavelength: 
procedure get_lambda_scp; 
procedure gei_shocs_per_point: 
procedure get.doubling; 
procedure get_use_etalon; 
procedure get_grating_orders; 
procedure get_ADC_channeIs; 
procedure get_zero_average_shot_numben 
function read_set_up: boolean; 
procedure wriie_set_up; 
procedure experimental_parameters; 

implementation 

procedure show_parameters; 
var 
x, y : integer; 

begin (procedure show_parameters) 
x := wherex; y := wherey; 
window (37,1,80,24); 
clrscr; textcolor(ll); 
with stp do 

begin 
write f Detachment Wavelength : ' ) ; 
writeln (detach_lambda:12:7); 
if full_parameter_!isting then 

begin 
write (' Detachment Grating Order;'); 
writcta(grating_order_detachment_dye_laser:4); 
write (' Laser Calibration Offset:'); 
writeln (cal_offset:12:7); 

end; 
write (' Initial Wavelength : ' ) ; 
writeln (startjambda:]2:7); 
write (' Final Wavelength:'); 
writeln (end_Iambda:12;7); 
write C Lambda Step:'); 

writeln (delta_lambda:12:7); 
write f Shots per Point:'); 
writeln (shois_per_poinc4); 
write (' Autotracker (Doubling?):'); 
if stp.doubling then 

writeln (' YES') 
else 

writeln f NO'); 
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ef U»e Eaton:-); 
if *p.«e_eta]oa then 

wrftdnCVES') 
elje 

writeln f NO1): 
if {aUjaametaJisting then 

begin 
write (Dissociation Crating Order: •); 
wriieln <grati»£_orderjiisiociaiion_dyeJaser:4): 
write C Detached Electron Signal: y, 
wriieln (ADC_channel [detached_electron_signal]:4); 
write C Laser Power:1); 
wriieln (ADC_channel [laser_power]:4); 
write fOissociated Radical Signal: y, 
writeln (ADC_channel [dissociated_radical_sisnal]:4); 
write C Iodine Reference Cell:" 
wriieln (ADC_channel fjodine_reference]:4); 
write C Zero Average Shot Number: •); 
writeln (zero_average_shot_number:4); 

end; 
write C Detached Electron Zero: y, 
writeln (zero [detached_electron_signi :]:9:4); 
write C Laser Power Zero:'); 
writeln (zero [laser_power]:9:4); 
write C Dissociated Radical Zero:'); 
writeln (zero [dissociated_radical_signal]:9:4); 
write (Iodine Reference Cell Zero: "; 
writeln (zero [iodine_reference]:9:4); 

end; 
window (1, upper_left_i:omer_y, 80,24); textcolor (14); 
gotoxy (x, y); 

end; ( procedure showjarameters ] 

* * * * * * * * * * * * * t t * * * * * * * * * « * * * * * * * * * * * * * * * * * * * * * * W * X * * * * * » * * » * * * * * ( * * 4 t * * * * « * 1 

procedure get_detachment_wavelength; 
begin (procedure get_detachmencwavelength ) 
if ask_for_real (stp.dctachjambda, 'Detachment wavelength :', 

200,900) then 
begin 
set_grating_order (deiachment_dye_laser); 
set_gpib_remote (TRUE); 
inove_dye_!aser (detachment_dye_laser. sip.deiachjambda): 
set_gpib_remote (FALSE); 
show_parameters: 

end: 
end; (procedure get_detachment_wavelength } 

(.,.«.,-...„„„..,.,«,...„.„.,.............,..,......, 
procedure get_cal_oflset; 
begin {procedure get_cal_ofiset} 
if ask_for_real (stp.cal_o(Tset, 'Calibration offset [nirj:', -10.10) then 

showjorametcrs: 



a r t {procedure al.oflfret} 

procedure check_range_vs_step; 
begin j procedure chcck_i_n_e_v5_siep) 
while abs (stp.endjambda - stp-sunjambda) < abs (stp.deltajambda) do 

begin 
geijambda.step: 

end; 
end: 1 check_range_vs_step) 

procedure checlc_max_d__t; 
begin [procedure check_max_data) 

if abs (stp.endjambda - stp.siartjambda) / stp.deliajambda > 1024 then 
begin 

wriieln; 
write C * " WARNING: # OF DATA POINTS EXCEEDS '); 
writeln CLIMIT *«""); 
write C CHANGE INITIAL, FINAL WAVELENGTHS, STEP SIZE OR '); 
writeln ('SOME COMBINATION1); 
writeln; 
write {' Hit <enter> to continue ....'); 
readln: 

end: 
end; (procedure check_max_data} 

procedure ge _inilial_wavelength; 
var 
oid_start: real; 

begin ( procedure get_iniiial_wavelength ) 
if ((stp.use_eialon) and (stp.endjambda < stp.startjambda)) then 

begin 
writeln ('Changing this parameter will require new etalon set up.1); 
if not ask.continue then exit: 
stp.use_etalon := FALSE: 

end; 
old_start := stp.r-anjambda: 
if ask_for_real (stp.stanjambda, 'Initial wavelength : ' , 200.900) then 

begin 
set_grating_order (dissociaiion_dyeJaser); 
if stp.stanjambda = sip.endjambda then 

stpendJamDda := old_staru 
if (stp.start_lair.bda > stp.endjambda) then 

stp.deltajambda := -abs (stp.deltajambda) 
else 

stp.deltajambda := abs (stp.deltajambda); 
check_rangc_vs_siep; 
check_max_data; 
show_parameters: 
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cad; 
ead: (procedure tet.iaitiil.wtvetanih) 

procedure getJinaLwavelenfin: 
var 
old_end: real; 

begi» {procedure (etjinal_wavelength } 
if ((8p.use_etalon) and (stp.endJambda > sip.startJambda)) then 
begin 

wriieln ('Changing this puameier will require new eialon set up.1); 
if not ask.continue Uien exit 
srp.uje_etaIon := FALSE; 

end; 
if ask_for_real (slp.endJambda, Tinal wavelength:', 200,900) then 

begin 
set_graiing_onier (dissociaiion_dyejaser); 
if stp.end_lambda = stp.start_lambda then 

stp.stanjambda := old.end; 
if (stp.startjambda > stp.endjambda) then 

stp.deltajambda := -abs (srp.dcltajambda) 
else 

stp.deltajambda := abs (stp.delta_lambda); 
check_range_vs_step; 
checfc_max_data; 
show_parameters; 

end; 
end; ( procedure gei_final_wavelengih ) 

procedure get_lambda_step; 
var lowerjimit: real; 
begin (procedure get_lambda_step ) 
if not stp.use_etalon then 

begin 
lowerjimit := (0.00315 / stp.grating_ordcr_dissociation_dyeJaser); 

end 
else 

begin 
lowerjimit := stp.etalon_parameters.min_etalon_deltaJambda: 

end: 
if askJor_real (stp.dcltajambda, 'Lambda step:', 

lowerjimit, abs (stp.endjambda - stp.startjambda)) 
then 
begin 

if (stp.stanJambda > stp.endjambda) then 
stp.deltajambda := -abs (stp.deltaJambda) 

else 
stp.delta_lambda := abs (sm.deltaJambda): 

check_range_vs_step; 
check_ma]t_daia: 
show_parameu:rs: 
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end: 
end ( procedure get_lambda_step ); 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

procedure gei_sbots_per_point; 
begin ( procedure shots_per_poim) 

if ask_for_integer (stp.shots_per_point, 'Shots per Point:', 
1,32767) then 
show_parameters: 

end {procedure gei_shots_per_point J; 

procedure get_doub)ing; 
begin { procedure get_doubling } 

stp.doubling := ask_for_boolean ('Use Autotracker? (Double?)1); 
sei_grating_order (dissociation_dye_laser); 
show_parameters; 

end (procedure get_doubling ); 

procedure get_use_etalon: 
var 
lambda, old_lambda: real: 
normal_position_set: boolean; 
end_step: integer; 

begin ( procedure get_use_etalon ) 
stp.use_etalon := ask_for_boolean ('Use Etalon?:'); 
if stp.use_etalon then 

begin 
with sip do 

begin 
clrscr, get_cal_offsct; 
use_etalon := FALSE: 
get_initial_wavelengih; 
get_finaJ_wavelength; 
use_etalon := TRUE: 
get_lambda_step; clrscr; writeln; 
writcln CBe patient, eialon is proceeding to set up position!'); 
if startjambda < end_lambda then 

begin 
lambda:- end_lambda: 

end 
else 

begin 
lambda := startjambda; 

end: 
etalon_parameiers.upper_lambda := lambda: 
eta!on_p3jamtters.!ambda_0 := 

lambda / (1 - sqr(S00 ' 3.125e-6) / 2); 
use_etakjn := FALSE; 
sct_gpib_remote (TRUE); 
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if douMinf = TRUE then 
bejin 
oldjambda := 

get_laser_wavelengUi (dissocialion_dye_laser); 
move_dye_laser_slowly_since_doubling(dissociarion_dye_laser, 

oldjambda, etaIon_parameters.lambdaJ)); 
end; 

move_dye_laser (dissociacion_dyeJaser. 
etalon_parameters.lambdaJ)); 

use_etalon:=TRUE; 
if set_etalon_normal_position then 

begin 
set_gpib_remote (FALSE); 
stp.etalon_parameters.max_etaIon_scan_range := 

Jjrnbda * 0.5 * sqr((24000 -
(eialon_parameters.etalon_normal_position + 800)) * 
3.125ei); 

if abs(startjambda - endjambda) > 
etalon jarameiers.max_etalon_scan_range then 
begin 

writeln ('Son7, the maximum etalon scan range i s : ' , 
etalon_parameters.max_etalon_scan_range:0:6, 
' am.'}; 

writeln; 
write ('Re-enter etalon mode and adjust initial'); 
wrileln ('wavelength, final wavelength, or both.'); 
writeln ('Hit <enter> to continue ....'); 
readln; 
use_eialon := FALSE; 
exit; 

end 
else 

begin 
writeln; writeln; write (' '); 
writeln ('Eialon scan range is satisfactory.'); writeln; 
writeln (' The maximum etalon scan range is :', 

etalon jarameters.max_eialon_scan_range:0:6,'nm.'); 
writeln; writeln; 
write (' Kit <enter> to continue ....'); 
readln; 

end; 
end_step := eralonj>arameicrs.eta!on_normal_posieion + SOO 

+ round (sqrt (2 * abs(start_lambda - endjambda) 
*1.024ell/lambda)); 

etalon_parameters.min_etalon_delia_lambda:= 
lambda * 9.76563e-12 * (end.step -

(etalon _parameters.eialon_normal_posuion + 800)); 
while abs (deltaJambda) < 

etalon_parameters,min_etalon_dclta_lambda do 
begin 
writcln fSony, minimum step size i s : ' . 

etalon_jjarameters.min_etalon_delta_lambda:0:8); 
gctjambda.step; 

end; 
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wriieln: wriieln: wriief "); 
writeln f Step size is also satisfactory."); wrileln; 
writef •); 
write (The minimum etalon step size for this scan range is:"); 
writeln (etaJon_parameters.min_etalon_deIia_lambda:0;8,' nm.'); 
writeln; writeln; 
write (' Hit <enter> to continue ....•); 
readln; clrscr, writeln: writeln; 
wrileln CProceeding to initial dissochtion wavelength ....'); 
if (endjambda > startjambda) then 

begin 
set_gpib_remote (TRUE); 
move_dye_laser (dissociation_dye_laser, startjambda); 
sel_gpib_remote (FALSE); 

end; 
end 

else 
begin 
set_gpiD_remote (FALSE); 
use_etalon := FALSE; 

end; ( if normal position set ] 
end; (with stp do ) 

end; {if use_etalon is TRUE ) 
show.paranr'ers; 

end; ( procedure get_use_etalon ) 

procedure get_graung_orders: 
begin (procedure get_grating_orders) 
if askjbrjmeger (sip.grating_order_deiachment_dyeJaser, 

'Detachment dye laser grating order:', 3,8) then 
show_parameters; 

ifask_for_integer(srp.grating_order_dissociation_dye_Iaser, 
'Dissociation dye laser grating order:', 3,8) then 

show_parameiers: 
end ( procedure get_grating_orders ); 

f W * * * * * * * » * > » * > * * * » * » * * * • • * * * * * * * * * * * * * * * * * * * * * * * * » * * * » * * * * * * « : « * * * : « * ¥ * * * 

procedure get_ADC_channels: 
begin (procedure get_ADC_channels) 
writeln ('Detached Electron Signal in ADC Channel', 

stp.ADC_channel [detached_e!ectron_signal]: 1); 
if askjbrjmeger (stp.ADC_channel (detachcd_electron_signal], 

'New Detached Electron Signal Channel:', 0, II) then 
show_parametcrs; 

wrileln (/Laser Power in ADC Channel', 
stp.ADC_channcl [laser_power]:l); 

if ask_forJnteger (stp.ADC_channeI [laser_powerl. 
New Laser Power Channel:', 0.11) then 

show .parameters; 
writcln f Dissociated Radical Signal in ADC Channel'. 

stp.ADC_channel [dissociaitd_radical_signal|:l): 
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if ask_for_integer (stpADC_channeI [dissociaied.radical.signa]], 
'New Dissociated Radical Signal Channel:', 0.11) then 

showjarameiers; 
writeln (Iodine Reference Cell Signal in ADC Channel', 

stp.ADC_channel [iodine_reference):l); 
if ask_for_integer (srp.ADC_channeI [iodine_reference], 

'New Iodine Reference Cell Channel:', 0,11) then 
show_parameters; 

end ( procedure get_ADC_channels ); 

procedure get_zero_average_shot_number, 
begin { procedure gei_Eero_average_shot_nuniDer) 

writeln CCurrenily zero-averaging for', stp.zero_average_shot_numbcr, 
' shots.1); 

if ask_for_integer (srp.zero_average_shot_number, 
'New number of shots to average for zeros:', 1,32767) then 
show_parameters; 

end (procedure get_zero_average_shot_number); 

functi. n read_set_up: boolean; 
var 

i: integer; 
shg, high_res, ch: char; 

begin { function read_set_up } 
if not niual_read then 
begir 

wri>eln ('Are you sure you want to read old set up file?'); 
if not ask_conunae then exit; 

and; 
if not exist (set_up_file_name) then 
begin 
read_set_up := FALSE; 
exit; 

end; 
assign (data_file, set_up_fne_name); 
reset (data_file); 
with stp do 

begin 
readln (data_nie, detachjambda); 
readln (,1aia_ftle, cal .offset); 
reaii'n (daia_iilc, siartjambda); 
readln (daia_file, endjambda); 
readln (data_file, deltajambda); 
readln (daia_file, shots_per_point); 
readln (datajile, shg); 

if shg = T then 
begin 
doubling := TRUE: 

end 
else 
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begin 
doubling := FALSE 

end; 
readln (daia_ffe, high_res); 

if high_res = T then 
begin 
use.etalon := TRUE; 

end 
else 

begin 
use_etalon := FALSE; 

end; 
with etalonjarametcrs do 

begin 
read (data_File, etalon_normal_position); 
read (data_file, lambda_0); 
read (data_file, upperjambda); 
read (data_file, initial_grating_posilion); 
read (data_file, max_etaIon_scan_range); 
read (data_File, min_etalon_de!ta_lambda); 

end; 
readln (data_file, grating_order_detachment_dye_laser); 
readln (data_file, grating_order_dissociation_dye_laser); 
readln (daia_file, ADC_channel [detached_electron_signal]); 
readln (data_file, ADC_ch'jnnel [laser_power]); 
readln (data_file, ADC_channel [dissociated_radical_signal]); 
readln (data_file, ADC_channel [iodine_reference]); 
readtn (data_file, zero [detachcd_e!ectron_signal]); 
readln (data_file, zero [laser_power]); 
readln (data_file, zero [dissociated_radical_signal]); 
readln (data_file, zero [iodinej-eference]); 
readln (daia_file, zero_average_shot_number); 

end; 
close (datajile); 
read_set_up := TRUE; 
set_grating_order(dissociation_dye_laser); 

end, ( function read_set_up ) 

procedure write_sei_up; 
var 

i : integer; 
shg, high _T?« : char, 

begin ( procedure write_set_up } 
stp.use_etaloi: := FALSE; 
assign (datajile, set_up_file_name); 
rewrite (data_file); 
with stp do 

begin 
writeln (data_File, detachjambda; 10:5); 
writeln (data_file. caLoffseulCkS): 
writcln (datable. start_!ambda:10:5): 
writeln (data.filc. endjambda:10:5); 
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wiueln (dvi.file. delttjambda: 10:5): 
writeln (data Jile. shots_per_poim:l); 
if doubling = TRUE then 
begin 

shg := T : 
end 

else 
begin 

shg:=T; 
end; 

writeln (data_file. shg); 
if use_etalon = TRUE then 

begin 
high_res := T ; 

end 
else 

begin 
high.res := 'F; 

end: 
writeln (data_file, high_res); 
with eiaIon_parameters do 

begin 
writeln (data_file, etalon_normal_position:l); 
writeln (data_file, Iambda_0:10:5); 
writeln (data_file, upper_lambda:10:5); 
writeln (data_file, initia'_grating_position:l); 
writeln (data_file, max_etalon_scan_range:10:8); 
writeln (data_file, min_etalon_delta_lambda:I0:8); 

end; 
writeln (data_file, grating_order_detachmem_dye_laser:]); 
writeln (daia_file, grating_order_dissociation_dye_.laserl); 
writeln (data_file, ADC_channel [detac)ied_electron_signaI] :1); 
writeln (data_file, ADC_channel [laser_power] ;1); 
writeln (data_file, ADC_channel [dissociated_radical_signal] :1); 
writeln (data_file, ADC_channel [iodine_referencel :1); 
writeln (data_file, zero (detachcd_electron_signal]:5:3); 
writeln (data_filc, zero [laser_powerl:5:3); 
writeln (data_file, zero (dissociated_radical_signal]:5:3); 
writeln (data_file, zero [iodine_reference):5:3); 
writcln (data_file, zero_average_shotjiumber:l); 

end; 
close (data_!ile); 

end; [ procedure write_sct_up } 

procedure experimental_parameiers: 
var 
ch: char, 
y : integer. 
min_lambda, maxjambda: real; 
• 'ocedurc show_menu; 

oegin ( procedure show_menu ) 
window (1,1.36.2-1): 
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clncr. icxicolor (IS); 
writeto CD: Detainment Wavelength"); 
writein CG: Force Dye Laser Grating Orders'): 
writein (O • Laser Calibration Offset'): 
wrilein C>: Initial Wavelength"); 
writein (T: Final Wavelength"); 
wrilein fL: Lambda Step1): 
writein ("S : Shots per Point"); 
writein ("A : Autotracker (Doubling?)1); 
writein CE: Use Etalon'); 
writeln CG : Force Dye Laser Grating Orders'); 
writeln CC: Change ADC Channels'); writein: 
writein CZ: Zero Average Shot Number); 
writeln CR: Read Set-up from File); 
writeln CW : Write Current Set-up to File"); 
writeln; 

writeln ("Q : Quit Set-up Menu"); 
writeln; 
textcolor (14); 
uppcr_left_comer_y := wherey; 

end; ( procedure show_menu ) 

begin { procedure experimentaLparametcrs) 
show_menu; 
full_parameter_listing := TRUE; 
«how_parameters; 
repeat 

window (1, upper_left_corner__y, 80,24); cirscr; 
write ('? >"); 
ch := Readkey, ch := upcase (ch): wrilein (ch); wrilein; 
case ch of 

'D': get_detachmeni_wavelengih; 
"O": get_cal_offset; 
T ; get_iniiial_wavelength; 
' F : get_final_wavelength; 
'L': gel_lambda_step; 
'S ' : get_shots_per_point; 
'A': get_doubling; 
'E': get_use_etalon; 
V : gei_grating_orders; 
' C : get_ADC_channe!s; 
~Z': gei_zero_average_shol_number: 
'R': begin 

if read_sei_up then 
show_parameters; 

end; 
' W : write_set_up; 

end: { case ch ) 
until (ch = Q'); 
full_parameier_listing := FALSE: 
show_parameters: 

end; ( procedure experimenial_paramciers ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .— 
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end. ( unit parameters } 

2.13 dyelaser.pas 

{dyelaser.pas 
procedures used for GPIB and dye laser control 

unit dyelaser; 

(SO+) 
(SF+) 

interface 

usesglobals,graph,uulity,gpibutil,tpdecI,CRT; 

type 
string_80 = string[80]; 
stringji = string[8]; 
string_2 = string[2]; 

var 
Bd, dyejaser: inieger, 
laser_buffer: string_80; 
IBBuf: array[l..SFF] of char; 
grating_cal_detachment_dye_laser: real; 
grating_cal_dissociation_dyeJaser: real; 

procedure read_dye_laser (dyejaser: integer); 
procedure wnte_dye_laser (dye_laser: inieger, w_laser_buffer: string_80); 
function real_laser_position (start_byte, end_byte: byte): real; 
function ASCII_convert (value: integer): string_2; 
procedure ASCII Jaser_position (grating: real; 

eialon, crystal, reserve: inieger); 
procedure get_graiing_cal (dyejaser: integer); 
function grating_cal_mismaicli: boolean; 
procedure set_grating_order (dyejaser: integer); 
function drivejo_wave (dyejaser; integer, grating: real; 

etalon: integer): real; 
function wavejo_grating_drive (dyejaser: integer, lambda: real): real: 
procedure wave_to_etalon_drive (lambda: real; 

var grating: real: var etalon : integer): 
function getJaser_wavelength (dyejaser: integer): real; 
procedure wailJotJaserjeady (dyejaser: integer); 
procedure move_dyeJaser (dyeJascr: integer; lambda: real); 
procedure move_dyeJaser_stowly_since_doubling (dyejaser: integer: 

oldJambda. lambda: real): 
function set_etalon_normal_posiiion: boolean; 
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r ft********************************************************************** 

implementation 

(read a message from the dye laser into the string laser_buffer ) 

procedure read_dye_laser (dyejaser: inieger); 
var 
i : integer; 

begin ( procedure read_dye_laser) 
IBRd(dyeJaser, IBBuf, SFF); 
if (IBSta < 0) then GPIB_error('IBRd'); 
fo r i := l to ( IBCnt - l )do 
laser_buffer [i] := IBBuf [i]; 

laser_buffer [0] := chr(IBCm - 1); 
end; f procedure read_dyc_laser ) 

{ write a message from the string w_laser_buffer to a dye laser ) 

procedure write_dyejaser (dyejaser: inieger; wJaserJjuffer: siringJ30); 
var 
i : integer; 
bufferjcngth: integer; 

begin ( procedure write_dyejaser) 
w Jaser_buffer := wjaserjwffer + chr(SOD); 
bufferjength := length (wjaserjjuffer); 
for i := 1 to bufferJength do 
IBBuf [i] := wjaserjmffer [i]; 

IBWnfdyeJaser, IBBuf, bufferJength); 
if (IBSta < 0) then GPIB_error(-IBWn'); 

end; ( procedure write_dye Jascr) 

(convert a subsiring of laser Jiuffer (stacked ASCII coded) within ) 
[ the string positions siartj>yie and end_byte to a real value ) 

function rcaljaser_position (startJjyie. endjjyte: byte): real; 
var 
i : byte; 
real_value: real; 

begin [ function realJaser_posiiion ) 
real_value := 0; 
for i ;= start Jsyie downto endjjyte do 
real_value — real_value * 16 + (ord(laser_bufferiii) - SJ1): 

real laser .position ;= real_value; 
end; J function realJaser_positicn J 



function ASCII_conven (value: integer): suing_2; 
var 
first_leuer, secondjcuer: char, 

begin ( function ASCn_conven) 
fiistjeuer := chr ((value mod 16) + S41); 
secondjetler := chr ((value div 16) + S41); 
ASCn_conven := concat (firstjetter, sccondjeoer); 

end; { function ASCIl_convert} 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

procedure ASCII_laser_posilion (grating : real; 
etalon, crystal, reserve: integer); 

const 
HLGRATC = 65536.00; 
LO_GRATE = 256.00; 

var 
high_grating, mid_grating, low_grating : real; 

begin {procedure ASCIIJaser_position ) 
laser_buffer := 'SA'; 
high_grating := grating / HI_GR ATE; 
mid^grating := frac (high_grating) * HI_GRATE / LO_GRATE; 
low_grating := frac (mid_grating) * LO_GRATE; 
laser_buffer := laser_buffer + ASCII_conven (trunc (low_grating)) 

+ ASCILconvert (trunc (mid_grating)) 
+ ASCILconvert (trunc (high_grating)) 
+ ASCILconvert (lo (etalon)) 
+ ASCILconvert (hi (etalon)) 
+ ASCILconvert (lo (crystal)) 
+ ASCILconvert (hi (crystal)) 
+ ASCILconven (lo (reserve)) 
+ ASCILconvert (hi (reserved-

end; [ procedure ASCII_laser_position ' 

procedure get. srating_cal (dye_laser: integer); 
begin [ procedure jet..graiing_cal) 

write_dye_laser (dyeJaser.'TC): 
read_dye_laser (dye_laser); 
if dyejaser = dissociation_dye_lascr then 

begin 
graiing_cal_diss. iauon_dye_Iaser := vol. 'jserjwsiiirn (6.1) 

/1000.0; 
writeln ("Dissociation Dye Laser Grating Calibration:'. 

grating_cal_dissociauon_dyc_laser0:7); 
end 

else 
begin 

grating_caLdeochmeni_.dve_laser — real_laser_posiuon (6.1) 
/1000.0: 

writeSn 0 Detachment Dye Laser Grating Calibration:', 
giatiag_ca!.dttachmrat_dye_bscn0;7); 

end; 
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end: { procedure get_grao'ng_cai) 

function grating_cal_niismatch: boolean; 
var 
graiing_cal: real; 
dye_laser: integer, 

begin 
dyejaser := detachment_dye_Iaser, 
write_dye_laser (dyeJaser,'?G'); 
read_dye_laser (dyejaser); 
grating_cal := real_laser_position (6,1) /1000.0; 
if not (grating_cal = grating_cal_detachment_dye_laser) then 
begin 
grating_cal_mismaich := TRUE; 
exit; 

end; 
dyejaser := dissociation_dyeJaser; 
write_dyejaser (dyeJaser.^O; 
read_dyejaser (dyejaser); 
graiing_cal := rcalJaser_position (6, 1) /1000.0; 
if not (grating_cal = grating_cal_dissociation_dyc Jaser) then 

begin 
graung_cal_mismatch := TRUE; 
exit; 

end; 
grating_cal_mismaich .= FALSE; 

end; ( function graling_cal_mismatch ) 

, . . . . . « . . „ . . , . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

procedure set_graiing_ordcr (dyejaser: integer); 
var grating_cal: real; grating_order: integer; 
begin ( procedure sel_grating_order ) 

with sin do 
begin 
if (dye Jascr = detachmcnt_dye Jaser) then 

begin 
grating_cal := grating_cal_detachment_dyeJaser: 
grating_order ;= trunc ((900.00225 + grating_cal) / detac'.ijambda); 
if (graung_ordi.' > 8) then grating_ordcr := S: 
if (grating_order v 3) then graung_order := 3: 
sip.graung_ordcr_detachmem_dye Jaser := grating_order. 

end 
else 

begin 
graiing_cal := gnjtwg_cal_dissociai ye Jaser. 
if doubling then 
tegin 

if (endJamMa > surijimbdst then 
begin 
gnmng_ordej -= nunc UWGJ0M22S * gnumc^caHi 

J'C»"'Crn]JaniMa*S. 
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if {(nunc (tntin|_cal / (2.0 * sonJimbda)) +1) > 
grating_order) then 

grating_ord~r := (rating_order + 1; 
end 

else 
begin 
grating_order := mine ((900.00225 + grau'ng_cal) 

/(2.0*start_lambda)); 
if ((trunc (grating_cal / (2.0 * endjambda)) + 1) > 

grating_order) then 
grating_order := grating_order+ 1; 

end: 
end 

else 
begin 
if (endjambda > startJambda) then 

begin 
grating_order := trunc ((900.00225 + grating_cal) 

/ endjambda); 
if ((trunc (grating_cal / startjambda) + 1) 

> graung_order) then 
grating_order := grating_order + 1; 

end 
else 

begin 
grating_order := trunc ((900.00225 + grating_cal) 

/ stanjambda); 
if ((trunc (grating_cal / endjambda) + 1) 

> grating_order) then 
grating_order := grating_order + 1; 

end; 
end; 

if (grating_order > 8) then grating_order := 8; 
if (grating_order< 3) thei, .jraung_order := 3; 
stp.grating_order_dissociation_dye Jaser := grating_orden 
end; 

end; 
end; (procedure set_graung_order) 

( convert grating position (in motor steps) to wavelength (in nm)} 

function drive_to_wave (dyejaser: integer; grating; real; 
etalon ; integer): real; 

var grating_cal, result: real; grating_order; integer 
bftgin { function drive_to_wavc ] 

with stp do 
begin 
if dyejaser = dissociation_dyeJasei men 

begin 
grating_cal.— grating_cal_dissociation_dyeJaser; 
graung_order — grating_ordcr_dissociation_dyejascr. 

end 
else 
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begin 
jminj_cal ~ fratin{_cal_detachment_dye_iaser; 
»raung_onler := graung_oitier_detachmeni_dyeJaser, 

end: 
if (ase_«alon) and (dyejaser = dissociation_dye_laser) then 

begin 
drivejo_wave := stp.eialon_paiameters.lambda_0 

* (I - 0.5 * sqr(3.125e-6 
* (etalon - stp.etalon_parameters.etalon_normal_posiuon))): 

end 
else 

begin 
result := ((grating * 0.00315) 

+ grating_cal) /grating_order, 
if doubling and (dyejaser = dissociauon_dyeJaser) then 

begin 
result := result * 0.5: 

end; 
drive_to_wave := result; 

end; 
end: 

end: £ function drive_to_wavc ) 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * l 

{ convert wavelength (in nm) to grating position (in motor steps)) 

function wave_to_grating_drive (dyejaser: integer; lambda: real): real; 
var 
grating_cal, result: real; grating_order: integer; 

begin { function wave_to_jrrating_drive ) 
if (stp.doubling) and (dyejaser = dissociation.dyeJaser) then 

lambda := lambda * 2.0; 
if dyejaser = detachmem_dyejaser then 

begin 
grating_cal := grating_cal_detachment_dyeJaser. 
grating_order := stp.grating_order_deiachment_dye Jaser, 

end 
else 

begin 
grating_cal := grating_cal_dissociarion_dye Jaser, 
grating_order := stp.grating_order_dissociation_dyeJaser; 

end: 
result := ((lambda * grating_order) - grating_cal) / 0.00315; 
if ((result > 285715.0) and (grating_order > 3)) then 

begin 
grating_order := grating_ordcr - 1 : 
result := ((lambda * grating_order) - grating_cal) / 0.00315; 

end 
else if ((result < 0.0) and (grating_order < 8)) then 

begin 
grating_order := grating_order + 1: 
result := ((lambda * srating_order) - graiing_cal) / 0.00315; 

end: 
if dyejaser=dissoriauon_dycJaser then 
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Jtp.jr»int_onJer_diJsociition_dye.liser := giaing_order 
else 

np.p«inj_order_deuchroent_dye_Iaser := graiing_order: 
wive_to_trating_drive — result: 

end: ( function wave_io_drive ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(convert wavelength (in run) to etalon and grating posiuon (in motor steps)) 

procedure wave_io_etalon_drive (lambda: real; 
vargrating: real: varetalon : integer): 

var 
doublrng_lambda_0, doubling_upperJambda: real; 

begin {procedure wavejo_etaIon_drive ] 
with stp.eialon_parameters do 

begin 
if (stp.doubling) [hen 
begin 

lambda := lambda * 2; 
doubling_lambda_0 := lambdaJ) * 2; 
doubIing_upper_tambda := upper_lambda * 2; 

grating := iniu'al_grau'ng_posiu'on -
(doubling_upper_lambda - lambda) 
* 3.1746e2 * stp.graiing_order_dissociation_dyejaser; 

etalon := round (etalon_normal_position + 
sqrt (2 * abs(doubling_lambda_0 - lambda) 
/doubling_lambda_0) * 3.2e5); 

end 
else 

begin 
graung ;= iniiial_graung_position - (upper_!ambda - lambda) 

* 3.1746e2 * stp.grating_order_dissociation_dyejaser; 

etalon := round (elalon_normal_position + 
sqrt (2 * abs(lambda_0 - lambda) / lambdaJ)) * 3.2e5); 

end; 
end; 

end; ( procedure wave_io_etalon_drive ) 

/ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

function getJaser_wavelength (dyejaser; integer): real; 
begin ( function get_laser_wavelengih } 
write_dye_Iaser (dye_laser,'?A'); 
read_dyejaser (dyejaser); 
get_laser_wavelength ;= drive_io_wave (dyejaser, 

(realJaser_posiu'on (6.1)), (round (real Jaser_posiiion (10,7)))); 
end; ( function getJaser_wavelength ) 

/ A * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * i 

procedure waitjbrjaser_rcady (dyeJascr; inieger); 
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begin {procedure waitJ"orJjjer_ready } 
writejiyejvcr (6ytJtatr,"!Sy, 
read_dyeJuer (dye_bser); 
if (laserjxiffer [I] o TO then 

repeat 
delay (1): 
wriie_dye_laser (dyeJaser.^S1): 
read_dye_laser (dye_laser); 

until (laserjxiffcr fl] = TO: 
end; { procedure wait_for_Iaser_ready ) 

1 W W * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

procedure move_dye_laser (dye_laser: integer, lambda: real); 
var 
grating: real; 
etalon: integer, 

begin (procedure move_dye_laser ) 
if (stp.use_elalon) and (dyejaser = dissociation_dyeJaser) then 

begin 
wave_lo_etalon_drive (lambda, grating, etalon); 
ASCII_laser_position (grating + 5, etalon + 5,0,0); 
write_dye_laser (dyejascr, laserjwiffer); 
wail_for_laser_ready (dyejaser); 
ASCII Jaser_position (grating, eialon, 0,0): 
write_dye_laser (dyejaser, laser_buffer); 
waitjbrjaser_ready (dyejascr); 

end 
else 

begin 
grating := wave_to_grating_drive (dyejaser, lambda); 
ASCII Jaserjiosition (grating + 5,0,0,0); 
write_dyejaser (dyejaser, laserjjuffer); 
waitjbrjaser_ready (dyejaser); 
ASCIIJaser_positi :v: (grating, 0,0,0); 
write_dyejaser (dyejaser, laserJjuffer); 
waitjbrjaser_ready (dyejaser); 

end: 
end; ( procedure move_dyeJaser j 

[ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

procedure move_dyeJaser_slowly_since_doubiing (dyejaser: integer, 
oldjambda. lambda: real); 

var 
i : integer; 

begin ( procedure move_dyeJaser_slowly_since_doubling ) 
if abs (lambda - olajambda) > 0.1 men 

begin 
for i := 1 to trunc (abs (lambda - oldjambda) / 0.1) do 

begin 
oldjambda := oldjambda + 0.1 * (lambda - oldjambda) 

/ (abs (lambda - oldjambda)); 
move_dyeJaser (dissociationdyejaser, oldjambda): 
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wikjbr_u»er_ready {dhsociation_dyejaser): 
end; 

end: 
end; [ pnx2duremove_dye_laser_stowly_since_doab!ing | 

, ............................................... 

function set_eta!on_normal_posiuon: boolean; 
var 
ch: char, 
grating: real; 
etalon: integer; 

begin ( procedure sei_etalon_normal_posiuon ) 
write_dye_laser(dissociation_dye_Iaser,'?A'); 
read_dye_laser (dissociaiion_dye_laser); 
grating := real_laser_position (6,1); 
wait_for_laser_ready (dissociation_dye_laser); 
set_gpib_remolfi (FALSE); 
writeln; 
writeln (Please set etalon normal position.'); 
if not ask_continue then 
begin 
set_etalon_nonnal_position .= false; 
exit; 

end; 
set_gpib_remote (TRUE); 
write_dye_]aser(dissociauon_dye_laser,'?A'); 
read_dye_Iaser(dissociation_dye_laser); 
stp.eialon_parameters.etalon_normat_posiuon := 

round (realjaser_position (10,7)); 
etalon := stp.etalon_parameters.etalon_norrnal_position + 800; 
ASCII_laser_position (grating, etalon, 0,0); 
write_dye_laser (dissociation_dye_laser, laser_buffer); 
wail_for_laser_ready(dissociation_dye_!aser); 
set_gpib_remote (FALSE); 
writeln; 
writeln ('Now tune grating slightly to establish tracking.'); 
if not ask_continue then 
begin 
set_etalon_normaI_position := false; 
exit; 

end; 
set_gpib_remote (TRUE); 
write_dye_laser (dissociaiion_dye_laser,'?A'); 
read_dye_laser (dissociation_dye_laser); 
stp.etalon_paramelers.initial_grating_position := 

(real_laser_posiiion (6,1)); 
set_etalon_normal_posiuon ;= true; 

end; ( procedure sei_eulon_normal_position ) 

end. { unit dyelascr ) 
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2.14 twkplot.pis 

[ wkplot-pas ) 

(contents: ) 

(procedure tweak_draw_axes ) 
j procedure iweak_y_ticks (y_data: integer) ] 
(procedure weak_replot (y_data, tweak_coum: integer; visible; boolean)) 
{ procedure tweak_ploi_point (tweak.count, y_data: integer) ) 

unit twkploi; 

(SO+) 
(SF+) 

interface 

usesglobals,txsplot,plotutil,graph,graphadd,grafutiI,CRT; 

procedure tweak_draw_ticks (tick_axis : integer; 
constantjimit: real; 
code: integer; 
label_ticks: boolean); 

procedure tweak_draw_axes; 
procedure tweak_y_ticks (y_data : integer); 
procedure tweak_repIot (y_data, tweak_count: integer; visible: boolean); 
procedure tweak_replot_all (tweak_count: integer); 
procedure tweak_pIot_point (tweak_count, y_data: integer); 

implementation 

procedure tweak_draw_ticks (tick_axis: integer; 
constamjimit: real; 
code: integer; 
label_ticks: boolean); 

var 
xdomum, ydotnum; integer; 
tick_mark, tick_step: real; 
tick_labe!: string[8]; 
decimal_places: integer, 

begin ( procedure tweak_draw_ticks ) 

xdotnum .'= 4; 
ydotnum := 4: 

{ find tick step size ) 
if (abs (tweafc_plot_max (tick_axis) - tweak_plot_min ftick_axis)) >= 1.0) 
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then 
lickjaep :* exp (in (10.0) * 

int (In (lbs (tweak j>toc_max [tick.axis] 
- tweak_j>toJ_min [tick.axis])) / In (10.0))) 

eUe 
tick_siep := exp (In (10.0) * 

int (-1.0 + In (abs (tweak_plot_max [tick_axis] 
- tweak_plot_min [tick_axis]))/ln (10.0))); 

tickjnuk := int (tweak_plot_min [lick.axis] / tick_step) * tick_step; 
if (fick_mark<tweak_plot_mtn [tick_axis]) then 

tick_nurk := tickjnark + tick.step; 
decimal_places := mine (-In (tick_step) / In (10.0)); 
if ((tick_maik + (2.0 • tick_step)) >= tweak_plot_max [tick_axis]) then 
begin 

tick_step := tick_step / 2.0; 
decimaLptaces := decimal_places + 1: 
nckjnark := int (tweak_plot_min [tick_axis] / tick_step) • tick_step; 
if (tick_mark < tweak_pIot_min [tick_axis]) then 

tick_mark := tick_mark + tick_step; 
end 

else if ((tick_mark + (5.0 * tick_step)) < tweak_plot_max [tick_axis]) then 
begin 

tick_step := tick_step * 2.0; 
tick_mark := int (tweak_plot_min [tick_axis] / tick_stcp) * tick_step; 
if (tick_mark < tweak_plot_min [tick_axis]) then 
tick_mark := tick_mark + tick_step; 

end; 
if (decimaLplaces < 0) then 
decimal_places := 0; 

{ draw tick marks ) 
while (tick_mark < tweak_plot_max [tick_axis]) do 

begin 
case code of 

0 : begin ( bottom ) 
MoveUser (tick_mark, constantjimii); 
Line (Xabsgbl. (Yabsgbl • I), Xabsgbl. (Yabsgbl - ydotnum)); 
if label_licks then 

begin 
sir (tick_mark: (dccimaLplaces + 1): (dccimal_places + 1), 

tickjabel); 
MoveUser (tick_mark, constantjimit); 
MoveRel (0, (TextHeight(iick_label) div 2)); 
bSetTextStyle (Font, HorizDir, 1); 
SetTextlustify (CenterText, TopText); 
OutText (tickjabel); 

end; 
end; 

1 : begin {left) 
MoveUser (constantjimit, iick_mark); 
Line ((Xabsgbl + 1). Yabsgbl, (Xabsgbl + xdotnum), Yabsgbl); 
if labeljicks then 

begin 
sir (iick_mark : (decimal_places + 1): decimal jilaces. 
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tickjabel); 
MoveUser (consuntjimu, tick_nurk); 
bSeiTexiSiyle (Font. HorizDir. 1); 
SetTexUusiify (RighlTexl, CemcrText): 
OutText (tick_Iabcl): 

end; 
end; 

2 : begin ( top} 
MoveUser (tick_mark, constantjimil); 
Line (Xabsgbl, (Yabsgbl + 1), Xabsgbl, (Yabsgbl + ydotnum)); 
iflabel_ticksthen 

begin 
scr (iick_mark: (dccimal_places + 1): (decimal_places + 1), 

tickjabel); 
MoveUser (tick_mark, constant_limii); 
bSetTexiSiyle (Font, HorizDir, 1); 
SetTextlusiify (CenterText, BottomText); 
OutText (tickjabel); 

end; 
end; 

3 : begin [ right) 
MoveUser (constantjimit, tick_mark); 
Line ((Xabsgbl -1), Yabsgbl, (Xabsgbl - xdolnum), Yabsgbl); 
if label_ticks then 

begin 
sir (tick_mark : (decimal_places + 1): decimal_places, 

tickjabel); 
MoveUser (constantjimit, tick_mark); 
MoveRel (2,0); 
bSetTextStyle (Font, HorizDir, 1); 
SetTextJustify (LeftText, CenterText); 
OutText (tickjabel); 

end; 
end; 

end; ( case code ) 
tick_mark := tick_mark + tick_step; 

end; 
end; ( procedure tweak_draw_ticks ) 

procedure twcak_draw_axes; 
begin ( procedure tweak_draw_axes ) 

( draw box } 
DefineWindow (80,10.920,990); 
DefineUserCoordinates(-I.O, 1.0, 1.0,-1.0); 
MoveUser (0,-1.0); 
SetColor (Green); 
DrawLineUscr (-1.0. -1.0); 
DrawLineUser (-1.0.0.0); 
SetColor (Blue); 
DrawLineUser (-1.0,1.0); 
DrawLineUser (0.1.0); 
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SetColor (LifhtGray); 
DrawLineUser(l.O.l.O); 
DiawLineUser(l.O.OO); 
SaOrior (Red); 
DrawLineUser (1.0. -1.0); 
DrawLineUser (0,-1.0); 
SelColor(Cyan); 
DnwLineUser (0.1.0); 
MoveUser(-1.0.0.0); 
DrawLineUser (1.0,0.0); 
txsJabeLaxes (detached_electron_signal): 
Bs_labe]_axes (laser_power); 
txs_Iabel_axes (dissociated_radical_signal): 
KsJabeLaxes (normalized_signaI); 

end; {procedure tweak_draw_axes ) 

procedure tweak_y_ticks (y_daia: integer); 
begin ( procedure tweak_y_licks ) 

{y ticks J 
if (y_dala = dissociated_radical_signal) then 

tweak_draw_ticks (dissociaied_radical_signal, 
-1 ,1 , TRUE) 

else if (y_daia = normaiized_sigi.al) then 
tweak_draw_ticks (normaiized_signal, 
(tweakjimit + 1), 3, TRUE) 

else if (y_data = deiached_electron_signal) then 
tweak_draw_ticks(detached_electran_signal, 
-1 , l.TRUE) 

else if (y_data = Iaser_power) then 
tweak_draw_ticks (laser_power, 
(tweakjimit + 1), 3, TRUE); 

end; ! procedure tweak_y_ticks ) 

r #*e**«»«:|e***********»*at********************xK****i**«* ************* i 

procedure tweak_reploi (y_data, tweak_count: integer; visible: boolean); 
var 
i : integer; 

begin { procedure tweak.replot) 
if y_data = dissociated_radical_signal then 

begin 
DefineWindow (80,10,500.500); 
SetColor (Blue); 
SetFillStyle (SolidFill, Blue); 

end 
else if y_data = normalized_signal then 
begin 

DefineWindow (500,10,920, 500); 
SetColor (LighiGray); 
SeiFillStyle (SolidFill, LighlGray); 

end 
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else if y_dau = deached_electron_signal then 
begin 

DefroeWindow (80.500.500,990); 
SeiColor (Green); 
SetFillStyle (SolidFill, Green); 

end 
else if y_data = Iaser_power then 

begin 
DefineWindow (500,500.920,990); 
SeiColor (Red); 
SetFillStyle (SolidFill, Red): 

end: 
DefineUserCoordinates(-l, tweak_plot_max [y_daia], 

(tweak_limit + 1), iweaJc_plot_min [y_data]); 
if visible then 
begin 
txs_label_axes (y_daia); 
MoveUser (-1, tweak_ploi_min [y_data]); 
DrawLineUscr (-1, twcak_plot_max [y_dala]); 
DrawLineUscr ((tweak_limit + 1), tweak_plot_max [y_dala]); 

end 
else 

begin 
SetColor (Black); 
SetFillStyle (SolidFill, Black); 

end; 
tweak_y_iicks (y_daia); 

MoveUser (0, tweak_plot_min [y_data]); 
for i := 1 to tweak_count do 
begin 

DrawBarUser (i, tweak_dataA [i, y_daia]); 
MoveUser (i, tweak_plot_min [y_datal); 

end; 

end; { procedure tweak_rcplot) 

procedure tweak_repIot_alI (tweak_couni: integer); 
begin 
tweak_replot (detached_electron_signal, tweak_count, TRUE); 
tweak_reploi (dissociated_radical_signal, tweak_count, TRUE); 
tweak_replot (normalized_signal, tweak_count, TRUE); 
tweak_reploi (laser_power, tweak^coum, TRUE); 

end: 

procedure tweak _plot_point (lweak_count. y_data : integer); 
begin 

if (tweak_count = 1) then 
begin 

twealc_min [y_data] := 
twcakjiaia"' |twcak_count, y_datal • 1.0: 
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tweak.tnix [y_dau] := 
tweak.data* (weak_count, y.data] + 1.0; 

weak_plot_max {y_faia) := 
tweak_max [y_data] + 
0.1 * (tweak_max [y_data] -
tweak_min [y_data]); 

tweak_plot_min [y_data] := 
tweak_min [y.data] -
0.1 * (iweak_max [yjdata] -
tweak_min [y_data]); 

tweak_thresh_max [y_data] := 
tweak_max [y_daiaj + 
0.05 * (tweak_max [y_data] -
tweak_min [y_data]); 

tweak_thresh_min [y_data] := 
tweak_min [y_data] -
0.05 * (tweak_max [y_data] -
tweak_tnin [y_datal); 

end; 

if (tweak_dataA [tweak_coum, y_data] > tweak_thresh_max [y_daia]) then 
begin 
tweak_replot (y_data, (iweak_counl -1), FALSE); 
tweak_max [y_daia] := tweak_dataA [tweak_count, y_daia]; 
tweak_plot_max [y_data] := tweak_max [y_data) + 

(0.1 * (iweak_max [y.data) - tweak_min [y_data])); 
tweak_thresh_max [y_data] := tweak_max [y_data] + 

(0.05 * (iweak_max [y_data] - tweak_min [y_data])); 
tweak_replot (y_data, tweak_count, TRUE); 

end 
else if (tweak_dataA [rweak_count, y_data] < iweak_thresh_min [y_dataj) then 

begin 
tweak_replot (y_data, (tweak_coum -1), FALSE); 
tweak_min [y_data] := tweak_dataA [tweak_count, y_data]; 
tweak_plot_min [y_datal := tweak_min (y_data) -

(0.1 * (iweak_max [y_daia] - tweak_min [y_data])); 
tweak_ihresh_min [y_data] := tweak_min [y_data] -

(0.05 * (tweakjnax [y_data] - tweak_min [y_data])); 
tweak_reploi (y_daia, tweak_counu TRUE); 

end 
else 
begin 

if y_data = dissociaied_radical_signal then 
begin 

DefineWindow (80.10,500, 500); 
SetColor (Blue); 
SetFillSlyle <SolidHU. Blue); 

end 
else if y_data = normalized_signal then 

begin 
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DefineWindow (500,10,920. S00); 
SetColor (LighlGray); 
SetFillSiyle (SolidHU. LighlGray); 

end 
else if y_data = detached_electron_signal then 

begin 
DefineWindow (80,500,500, 990); 
SetColor (Green); 
SetFiUStyle (SoKdFill, Green); 

end 
else if y_data = laser_power then 

begin 
DefineWindow (500,500,920,990); 
SetColor (Red); 
SetFillStyle (SoIidFill, Red); 

end; 
DefineUserCoordinates (-1, tweak_plot_max [y_data], 

(tweakjimit + 1), tweak_plot_min [y_data)); 
tweak_y_ticks (y_data); 
MoveUser (tweak_count - 1 , tweak_plot_min [y_data]); 
DrawBarlTscr (tweak_count, tweak_dataA [tweak_count, y_daia]); 

end; 
end; { procedure tweak_plc._point) 

end. ( unit twkplot) 

2.15 txs_exp.pas 

(us_exp.pas ) 

{ procedure read_LeCroy_ADC (var data_point: real_column. Tay) ) 
( read and average data from LeCroy ADC over 'shots_per_point' counts ) 
( without controlling laser ) 

f procedure manual_experiment ) 
( move laser from computer keyboard, also read LeCroy ADC J 

( procedure obtain_zeros ) 
{ obtain and store pedestal values of LeCroy ADC channels ) 

( procedure save_data ) 
{ save data to individual '.**"' file, (extension depends on type of } 
( experiment) append scan parameter info to one 'date.log' file ) 
1 per day ) 

[ function pause_menu: boolean 



{ menu of things to do when experiment is paused } 

(function pause_experiment (var txs_count: integer): boolean ] 
{ pauses, cleans up, restarts experiment J 

{procedure iniualize_for_txs_experimenl ) 
{ initializes all variables that must be fresh each time j 

{procedure run_txs_experimem ! 
{ data collection and display with computer controlled ) 
{ LeCroy ADC and laser ) 

unit txs_exp; 

(SO+1 
(SF+) 

interface 

usesglobals,txsparam,ploiuu'l,txspioi,twkplot,dyelaser, 
gpibuul,grafutil,graph,uiilily,tpdecl,codes,CRT,DOS; 

procedure read_LeCroy_ADC (var data_point: txs_rcal_column_array); 
procedure manual_expcriment; 
procedure obtain_zeros; 
function pause_menu: boolean; 
function pause_experimcnt (var KS_couni: integer): boolean; 
procedure initialize_for_txs_experiment; 
procedure run_txs_experimem; 

/ * * * * * * * * * * v * * * * * ^ * * * ^ * * * * * * * * ! * ; * * ! * * * * * * * * * * * * * * * * * * * * * * * * * ! * * * : * * * * * * * * * ! * * i 

implementation 

(SF-) 

(SI camiurbo.v4) 

(SF+J 

procedure read_LeCroy_ADC (var data_point: txs_rea'. :olumn_array); 
var 

D, Q, X, txs_count; integer, 
normalizedjaserjjower. normalized_detached_electron_iignaI: real: 

begin ( procedure readJ_eCroy_ADC | 
data_poim [detachcd_electron_signal] ;= 0.0: 
data_point paser_power] — 0.0; 
datajjoim [dissociatcd_radical_signal] := 0.0: 
data_point [normalized_signal] := 0.0: 
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CAMCL (CRIACL); 
CAMCL (daiaway_z); 

for ixs_count := I to txs_sip.shois_per_point do 
begin 
repeal 

CAMI (LcCroy_ADC, test_LAM, 
txs_stp.LeCroy_ADC_channel [laserjower], D, Q, X); 

delay (1); 
until (Q = 1); 
CAMI (LeCroy_ADC, read_channel, 

txs_stp.LeCroy_ADC_channel [detached_electron_signall, D, Q, X); 
data_point [detached_electron_signal] := 

data_point [detached_electron_signal] + D; 
CAMI (LeCroy_ADC, read_channel, 

txs_stp.LeCroy_ADC_channel [laser_powerj, D, Q, X); 
data_poini [Iaser_power] := 

daia_point [laser_power] + D; 
CAMI (LeCroy_ADC, read_channel, 

txs_stp.LeCroy_ADC_channel [disscciated_radical_signal], D, Q, X); 
daia_point [dissociated_radical_signal] := 

data_point [dissociated_radical_signal] + D; 

CAMCL jaiaway_c); 
end; 

CAMCL (duiaway_z); 
CAMCL (dataway_i); 

datajoim [deiached_electron_signal] := 
data_point fdetached_electron_signal] / ijts_sip.shots_per_point; 

daia_point [laser_power]:» 
data_poim [laser_power] / ucs_stp.shots_per_point; 

data_poim [dissociated_radica!_signal) := 
data_point [dissociated_radicaI_signal] / «s_sip.shoisj>er_poim; 

normaIized_detached_electrar_signai .= data_point [detached_electron_signal) 
- txs_stp.zero [deiached_electron_signal]; 

if normalized_detached_eleca-on_5ignal < 1.0 then 
normalized_deiached_electron_signal := 1.0: 

normal'zedjaserjxwer := data_poim [laser_power] - txs_stp.zero [laser_power]; 
ifnormalized_laser_power< 1.0 then normalized_laser_power := 1.0: 

dataji. int [normalized_signaI] := 1000000 * 
(data_point[dissociated_radical_signal] 
- txs.stp.zero [dissociated_radical_signal)) 
/nornu»Iized_detached_electron_signal 

/ noimalized Jaser^power; 
end: {procedure read_LcCroy_ADC J 

p.................................................................. 

procedure :nmalize_for_t\vcaking; 
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i , j : integer; 

begin {procedure iniliaIize_for_tweaking } 

new (cweak.data): 

cweakjimil := 100: 
if adc_for.inieger (tweak Jimit, 

'How many cycles to tweak for? [Min 5, Max 200]:', 
5, max_tweak_limit) then; 

for i := 1 to tweakjimit do 
for j := 1 to max_Ks_column do 

tweak_dataA [i, j] := 0.0; 

tweak.max [detached_eleciron_signal] := 1.0; 
tweak.min [detached_eiectron_signal] := 0.0; 

tweak_max [Iaser_power] := 1.0; 
tweak_min [laser_power] := 0.0; 

tweak_max [dissociated_radical_signal] := 1.0; 
tweak_min [dissociated_radical_signaiI := 0.0; 

tweak_max [normalized_signaI] := 1.0; 
tweak_min [norma!izcd_signal] : - 0.0; 

for i := 0 to max_txs_column do 
beqin 

lweak_plot_max [i] := tweak„max [i] + 
0.1 * (tweak_max [i] - tweak .min [i]); 

lweak_plot_min [i] := tweak_min [i] -
0.1 * (tweak_max [i] - tweak_min [i]); 

tweak_thresh_max [i] := tweak_max [i] + 
0.05 * (lwcak_max [i] - tweak_min [i]); 

tweak_thresh_min [i) ;= tweak_min [i] -
0.05 * (tweak_max [i] - tweak_min [i]); 

end; 
writeln; write (Bit <enter> when ready to tweak....'); 
readln; 

end; { procedure initialize_for_tweaking } 

procedure tweak; 
var 
ch: char, 
y, shot_count; integer; 
D, Q, X: integer, 
normaltted_deiachcd_electron_signal, normalized_Iascr_power: real; 

begin ( procedure run_experiment) 

iniiialize_for_iweaking; 

350 



SetGnphMode (GraphMode): 
tweak_diaw_axes: 

weafc.count := 0; 

CAMCL (CRIACL): 
CAMCL (daiaway_i); 

repeat ( unci! user quits or twcak_daia array is full} 

tweak_count := tweak_count + 1; 

if tweak_count > I then 
begin 
tweak. «ilot_point ((tweU: ;ount 
tweak_ptot_point ((tweafc_couni 
tweak_plot_point ((tweak.count 
tweak_p!ot_point ((tweak_count 

end; 

CAMCL (daiaway_z); 

shot_count := 0; 
while (shot_count < txs_stp.shots_per_point) do 

begin 
( wait for LAM from LeCroy ADC ) 
repeat 
CAMI (LeCroy_ADC, test_LAM, tts_stp.LeCroy_ADC_channel [laser_power], D, Q, X); 
delay (1); ( give LeCroy ADC more time to set a LAM ) 

( check keyboard for Q (for quit)) 
if keypressed then 

begin 
ch:= Readkey; 
if (ch = ESC) or (upcase (ch) = 'Q') then 

begin 
CAMCL (dataway_c): 
CAMCL (dataway_z); 
RestoreCRTMode; 
GraphicsOn := FALSE; 
exit; 

end; 
end; 

until (Q = 1); ( LAM from LeCroy ADC ) 

(read data from ADCs ) 
CAMI (LeCroy_ADC, read_channel, 

txs_stp.LeCroy_ADC_channel [detached_electron_signalj, D, Q, X); 
tweak_data/v [tweak_count, detached_electron_signal] := 

tweak_dataA [tweak_count, detached_electron_signal] + D; 
CAMI (LeCroy_ADC. read_channel, 

txs_stp.LeCroy_ADC_channe! [laser jower] , D, Q, X); 
tweak_dataA [tweak_counu laser_power] := 

tweak_dataA [tweak_count, laser_power] + D: 

1), detached_electron_signal); 
1), laser_power); 
1), dissociated_radical_signal); 
1), normaIized_signal); 
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CAMKUCroy.ADCnad.chiimd, 
txs_spXeCroy_ADC_chMnel Idinociated_r»dJcal_si (ml). D. Q. X): 

tweak.dju" [tweak.count, dissociaied_radicaLs(nall — 
tweakjlau* [iweak.coum, dissocUied.radical.signil] + D; 

(clear ail ADCs and LAM} 
CAMCL (dataway.c); 
shoc.couni := shM_coutt + 1; 

end; 

tweak_dataA [tweak_count, deuchcd_eleclron_signal] := 
t*eak_daiaA [weak.count. <Jeiached_eleciron_sigralJ 

/ txs_sip.shots_per_poim 
- £xs_sip.zCTO [deiached_electron_signal]; 

tweak_dataA [iweak_count, laser_power] := 
lweak_dataA [tweak_count, laser_power] / us_stp.shois_per_point 

- txs_stpjero [lascr_power]; 
tweak_daiaA [tweak_count, dissociated_radical_signal] := 

tweak_dataA [tweak_coum, dissociated_radical_signaI] 
/ txs_stp.shois_per_point 
- txs_stp^*3ro [dissociated_radicaI_signal]; 

nonnalized_deuichcd_eleciron_signal := 
tweak_dataA [tweafc_count, detached_electron_signal]; 

if normalized_detached_electron_signal < 1.0 then 
normalized_deiached_eleclron_signal := 1.0; 

normalized_laser_power := 
tweak_daiaA [lweak_count, laser_power]; 

if normalizcd_laser_power < 1.0 then 
normalized_laser_power := 1.0; 

tweak_dataA [tweak_count, normalized_signa!) := 
1000000 * tweak_daiaA [lweak_coum, dissociated_radical_signal] 

/ normalized_detached_electron_signaI 
/ normalized_laser_power, 

until tweak_count = tweakjimit; 

tweak_plot_point (tweak_count, detached_eleclron_signal); 
tweafc_plot_point (tweak_count, laser_power); 
tweak_pIot_point (tweak_count, dissociated_radical_signaI); 
tweak_plot_poini (weak_coiiju, normalized_S'gnal); 

CAMCL (datawsy_z); 
CAMCL (dataway_i); 

set_done_flag; 
ch:= Readkey; 

dispose (tweak_daia); 

RestoreCRTMode; 

end: ( procedure [weak ) 
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procedure nunaal_experinienc 
vir 

ch:chan 
lambda, old.lambda: real; 
y, i : intefer; 
data_poini: Ks_real_column_anay; 

begin ( procedure manuaLexperiment J 
set_gpib_remoie (TRUE); 
lambda := fetjaier.wavelcngih (dissociation_dye_laser); 
set_gpib_ren»ie (FALSE); 
window (1,1,36.24); clrscr, textcolor (IS); 
writeln ('C: Change wavelength to...'); 
writeln ('+; Wavelength + step-); 
writeln ('-: Wavelength - step'); 
writeln OR: Read ADC); writeln; 
writeln ( T : Tweak1); 
writeln CZ: Obiain Zeros'); 
writeln; 
writeln ('Q: Quit'); 
writcln; 
writeln f '); writeln; 
texlcolor(14); y := wherey; 
repeat 

window (1, y, 80,24); clrscr; 
set_gpib_remoie (TRUE); writeln; 
lambda := geUascr_wavelength (dissociation_dye_Iaser); 
writeln ('Dissociation dye laser wavelength is', lambda:5;3); 
writeln; sct_gpib_remote (FALSE); 
write ('? >'); ch := Readkey; ch := upcase (ch); writein (ch); writeln; 
case ch of 

C : begin 
oldjambda := lambda; 
if askjbr_real (lambda, 'New Wavelength? > ', 200,900) then 

begin 
sct_gpib_remote (TRUE); 
if txs_stp.doubIing then 

begin 
writeln; 
writeln ('Moving wavelength slowly since Autotracker', 

' is in use!'); 
writeln; 
writeln (' [ESC to escape, Ali/O to override]'); 
move_dye_!aser_sIowly_since_doubling 

(dissociation_dye_laser, oldjambda. lambda); 
end; 

wail_forJaser_ready(dissociation_dye_laser); 
set_gpib_remote (FALSE); 

end; 
end; 

'+': begin 
lambda := lambda + txs_stp.delta_ lambda; 
set_gpib_remote (TRUE); 
move_dye_lascr (dissociation_dyeJascr, lambda); 
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wiitJorJajer.ready (dinocuiioa.dye.laser): 
J«_jpib_remoie (FALSE); 

end: 
'- ' : begin 

lambda := lambda - txs_stp.dclta_lambda: 
«etjpib_ren)oie {TRUE); 
move_dye_laser (dissociation_dye_laser, lambda): 
wait_for_lajer_rcady (dissociation_dye_laser); 
set_gpib_rcmoce (FALSE); 

end; 
H ' : begin 

read_LeCroy_ADC (datajxjim); 
write C RAW - •); 
writein (ZERO = ACTUAL); 
writein C '. txs_axis_label tdetached_electron_signal].':', 

data_point [deiached_electron_signal]:9:3,' -', 
rxs_stp.zero [detached_electron_signal]:9:3.' =' , 
(data_point [detached_electron_signal] -
txs_$tp.zero[detached_eleciron_signal]):9:3); 

writein (' \txs_axis_label [laser_power],';', 
datajoint [laser_power]:9:3,' - ' , 
txs_slp.zero [laser_power]:9:3,' =', 
(data_point [laser_power] -
rxs_stp.zero [Iaser_power]):9:3); 

writein (' \txs_axis_label [dissociated_radical_signal],':', 
daiajoini [dissociated_radical_signal]:9:3,' - ' , 
txs_stp.zero [dissociated_radical_signall:9:3,' =' , 
(data_point [dissociated_radical_signal] -
txs_stp.zero[dissoeiated_radical_signaI]):9:3); 

write ('Normalized Signal:"); 
writein (' 

data_poim [normaIized_signalI:9:3); 
writein; 
write (' '); 
write ('press < enter > to continue...'); 
readln; 

end: 
T : begin 

tweak-
ch :•- 'Q'; 

end; 
T : obtain_zeros; 

end; ( case ch ) 
until (ch = 'Q'); 
show_txs_parameters: 

end; ( procedure manua!_experimem ] 

[ * * * * * H t * * * » » » * * * * * * * * * * * * * * « * i : | i * M * * * i « * * * * * * » * * i x l i * * * * * * * » c « * i | i * * * * * i * » » i i t t * * * e * * 1 

procedure obtain_zeros; 
var 
D, Q, X, txs_count: integer, 
temp_zero; txs_reaLcolumn_array; 

begin ( procedure obtain_zcros) 
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if Mk.for.boolejri ("Obtain new zoos?: *) ihea 
befin 
repeat { until zeros are satisfactory 10 user} 

iemp_zero [detached _elcaron_si£rul! := 0.0: 
cemp_2ero [bstr_powerJ := 0.0: 
lemp.zero [dissociatcd_radicaI_agnarj := 0.0; 

CAMCL(CRIACL): 
CAMCL (dataway_z): 

for lxs_count := 1 to Ks_stp.zcro_average_shot_number do 
begin 
repeat 
CAM (LeCroy.ADC. test_LAM, 

txs_stp.LeCroy_ADC_channel [detached_electron_signal], D, Q, X); 
delay (1): 

until ( Q = l ) : 
CAMI (LeCroy_ADC, read_channel. 

txs_stp.LeCroy_ADC_channei [detachcd_electron_signal], D, Q, X); 
temp_zero [deiached_electron_signal] := 

temp_zero [detached_eleciron_signal] + D; 
CAMI (Le€roy_ADC, read_channel, 

txs_stp.LeCroy_ADC_channel [laser_power|, D Q,X); 
temp_zero [laser_power] := 

temp_zero [lascr_power] + D; 
CAMI (LeCroy_ADC, read_channel, 

txs_stp.LeCroy_ADC_channel [dissociated_radical_signaI], D, Q, X); 
temp_zcro [dissociated_radical_signal] := 

temp_zero [dissociatcd_radica]_signal] + D; 

CAMCL (dataway_c); 
end; 

CAMCL (daiaway_z); 
CAMCL (datawayj); 

temp_zera fdeiached_elcctron_signal) := 
temp_zero [dctached_eIectron_signal] 
/ us_stp.zero_average_shot_number; 

temp_zero [laser_power] := 
temp_zero [lascr_power] 
/txs_stp.zero_average_shot_number; 

temp_zero [dissociated_radical_signai] .= 
te: ip_zero [dissociated_radical_signal] 
/txs_stp.zero_average_shot_number; 

writeln; writeln ('New zeros:'); wriieln; 
wriieln (txs_axis_labei [detached_electron_signal],':', 
temp_zero [detached_electron_signal):5:3); 
wriicln (us_axisjabel [laser_power!,':', 
tcmp_zero [laser_power]:5:3); 
writcln (lxs_axis_label [dissociatcd_radicaLsignal[,':'. 
tcmp_zero [dissociated _radicaLsignal]:5:3); writeln: 
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mil MfcJbr_boole*i (Accept • e » zeros?: *); 

•ew_zeros_obuine<J := Due: 

txj.Kp.zCTo [deuched_eiectron_signalJ :« 
lemp.zero (detached_electron_signal]; 

txs_stp.zero [UserjxnrerJ := 
iemp_zero [laser.power]; 

txs.stp.ztro [dissociaied_radicai_signalJ := 
iemp_7ero [dissociaicd_radical_signal]; 

show_oisj)arameterr. 
end: (if obtain new zeros) 

end; (procedure obtain_zeros) 

r BBBBBBBBBBBBBBBBBBBBBBBB*BBBBBBBBBB*B*BBmBBBB*B*BBBBBBBBBBBBBBBBBBBBBBm* ] 

function pause_menu: boolean: 
( returns TRUE if experiment is to be continued; 1 
( returns FALSE if experiment is to be stopped. ) 
var 
ch : char, 

begin ( function pause_menu ) 
show_Ks_parameters; 
repeat 

window (1,1,36,24); 
clrscr, 
writeln CM: Move laser & read ADC); writeln; 
writeln ('C: Continue experiment'); writeln; 
writeln ('S : Stop experiment'); writeln; 
write ('? >'); ch .= Readkey; ch := upcase (ch); wriiein (ch); 
case ch of 

W : manual_experiment; 
' C : pause_menu := TRUE; 
'S ' : pause_menu := FALSE; 

end; { case ch ) 
until ((ch = ' O or (ch = 'S'»; 

end; (function pause_menu ) 

f B»BBB*B*B<*BBBB#BB****BBBBBBBBB*BBBBBBm*BB**BB*BBB#BBBBB#*»**BBBB#*BBBBBB 1 

function pause_experiment (var txs_count: integer): boolean; 
{ returns TRUE if experiment is to be continued; ) 
{returns FALSE if experiment is to be stopped. ) 
var 

end_of_scan : real; 
begin { function pause_experiment) 

txs_count := txs_coum • 1; 
set_gpib_remote (FALSE); 
RestoreCRTMode; 
if pause_menu then 

begin 
pai'.sc_experimem := TRUE; 

end 
else 

356 

http://txj.Kp.zCTo


tec* 
paiue.experiment := FALSE: 
end_of_scan := ixs_sip.sunjambda + (tes.couni -1) * ixs_jtpjJdu_t*nbda; 
if{txs_stp.strLn_UmMa < Dts.sip.cnd_lambd») iben 

bejin 
max {laser_w£velength] := end_of_scan: 
mm [liser_wavanunber] := w!2wn (cnd_of_scan): 

end 
else 

begin 
min [laser_wave!englh] := end_of_scan: 
max [laser_wavenumberj := wl2wn (end_of_scan); 

end: 
plot_max [laser_wavelenglh] := max [laser_wavelengih] 

+ 0.1 *(max [laser_wavelenglh] 
- min [laser_wavelengih]); 

plot_min [laser_wavelength) := min [laser_wavclengihj 
- 0.1 * (max [laser_wavclengdi] 
- min [laser_wavelengthj); 

plot_max [laser_wavenumber] := max [Iascr_wavenumber] 
+ 0.1 * (max [laser_wavenumber] 
- min [laser_wavenumber]); 

plot_min flaser_wavenumber] := min [laser_wavenumber] 
- 0.1 * (max [laser_wavenumber] 
- min [laser_wavenumber]); 

save_data_file; 
wrileln; 
if ask_for_boolean ('Plot Screen Display ?') then 

begin 
dump_txs_experiment_screen; 

end: 
exii: 

end; 
set_gpib_remote (TRUE); 
move_dye_laser (dissociation_dje_laser, txs_dataA [txs_coum, laser_wavelength]); 
SelGraphMode (GraphMode); 
txs_d;jw_axes; 
txs_replot (lascr_power, txs_count, TRUE); 
txs_replot (dissociated_radical_signal, txs_counl, TRUE); 
txs_rcp'.ot (detached_electron_signal, txs_count, TRUE); 
lxs_replot (normalized_signal, txs_count, TRUE); 
wait_for_laser_ready (dissociation_dye_Iaser); 

end; ( function pause_experimeni) 

procedure initialize_for_txs_expcriment; 
var 
i, j : integer: 

begin ( procedure initialize_for_txs_experimcnt) 
for i := 1 to max_txs_data do 
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for j :* 1 to mu_txs_coliirnn do 
oa_<l»ciAfi.j]:=0.0: 

pkxjiule_cros»es :* (lbs ((txs.srpjerdjambda • ns.stp^un.bmbda) / 
tts_stp.deliajambd3'; <= 200.0); 

ready_for_eulon_scan := FALSE. 

x jx i s := lase-.wavclcngth; 

SM_gpib_remote (TRUE); 
if graung_cal_mismaich then 
begin 

write ("Problem with dye laser y, 
write ("communication, grating'); 
writeln ("calibration mismatch.'"); writeln; 
writeln ("Exiting program now."); 
set_gpib_remote (FALSE); 
halt; 

end: 
if txs_stp.doubling then 
begin 

writeln ("Have patience, moving to initial wavelength'); 
writeln ("slowly since autotracker is in operation.'); 
move_dye_laser_slowly_since_doubling 
(dissociation_dye_laser, get_laser_wavelength (dissociation_dye_Iaser), 
txs_stp.startjambda); 

end; 
set_gpib_remote (FALSE); 

if (txs_stp.start_lambda < txs_stp.end_lambda) then 
begin 
max [laser_wavelength] := txsjilp.endjambda; 
min [laser_wavelength] := txs_stp.start_lambda; 
min [laser_wavenumber] := w!2wn (txs_stp.end_lambda); 
max [laser_wavenumber] := wl2wn (txs_stp.startjambda)'. 

end 
else 

begin 
max [Iaser_wavclcngth] := ixs_stp.start_lambda; 
min [laser_wavelength] .= txs_stp.end_lambda; 
min [laser_wavenumber] := «/l2wn (txs_stp.stan_lambda); 
mix [hser_wavenumber] := w!2wn (txs_sip.end_lambda); 

em!; 

max [detached_eIectron_signal] := 1.0. 
min [deiached_electron_signaI] := 0.(1; 

max [laser_powerj := 1.0; 
min [laser_power] := 0.0; 

max [dissociated_radical_signal] := 1.0; 
min idissociatcd_radical_signal] := 0.0; 
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mix [nonnilized_sign»n ~ 1-0: 
mill [normaiized.signal] := 0.0; 

max fiodine_reference] := 1.0; 
min [iodine_rcference] := 0.0: 

for i := 0 to max_txs_co]umn do 
begin 
plot_max [i] := max [i) + 0.1 * (max [i] - min [i]); 
plot.min [i] := min [i] - 0.1 * (max [i] - min [i]); 
ihresh_max [ij := max fij + 0.05 * (max [i] - min [i]); 
thresh_min [i] := min [i] - 0.05 * (max [i] - min [i]); 

end; 

new_zeros_obtained := false; 
obiain_zeros; 

if new_zeros_obtained = true then 
begin 
wriieln; writeln; writeln; writeln; writeln; 
write ('Hit <enter> when ready to scan ....'); 
readln; 

end; 
end; { procedure initialize for experiment) 

f * * * * * * * * * * * * * * * * * * * x * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * # * * * * * * * * 

procedure run_lxs_experiment; 
var 
ch: char; 
y, shot_count: integer; 
D, Q, X : integer; 
normalized_detachcd_electron_signaI, normalized_laser_power: real; 

begin ( procedure run_experiment) 
if ready_for_eta!on_scan then 

begin 
writeln; writeln ('Are you sure you are ready to run ????'); 
if not ask_continue then 

begin 
ready_for_elalon_scan := FALSE; 
exit; 

end; 
end; 

imiialize_for_cxs_cxperiment: 

SetGraphModc (GraphMode); 
txs_draw_axes; 

txs_counl:= 0; 
txs_dntaA [I, laser_wavelength] := txs_stp.siart_lambda; 
txs_dataA [\, laser_wavenumbcr] := w!2wn (txs_sip.start_lambda); 

CAMCL (CR1ACL): 
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CAMCL (<totawiy_.); 

%ajfib_itmo'£ (TRUE); 

repeat ( until scan is done or data array is full ] 

«s_count := txs_count+ 1; 
move_dye_laser (dissociation_dyc_laser, txs_data" [us_count, laser_wavelength]); 

{ while laser is changing wavelength, plot last point) 
if (txs_count> I) then 

begin 
Dcs_plot_point ({txs_count -1), detached_e!ectron_signal); 
«s_plot_point ((txs_count -1), laser_power); 
txs_plot_point ((rxs_count -1), dissociated_radical_signal); 
«s_ptol_point ((txs.coum - I), norma!ized_signal); 

end; 

wait_for_laser_ready (dissociation_dyc_laser); 

[ ask dissociation dye laser what its wavelength really is ] 
txs_dataA [»s_count, laser_wavelength] := 

getJaser_wavelength(dissociauon_dye_!ascr); 
txs_dataA [us_counl, laser_wavenumber] := 

wl2wn (txs_dataA ftxs_count, laser_wavelengehj); 

CAMCL (dataway_z); 

shot_count := 0; 
while (shot_count < txs_stp.shots_per_poin() do 

begin 
( wait for LAM from LeCroy ADC ] 
repeal 
CAMI (LeCroy_ADC, lest_LAM, txs_stp.LeCroy_ADC_channel [Iaser_powerJ, D, Q, X); 
delay (1); ( give LeCroy ADC more time to set a LAM ) 

( check keyboard for P (for pause)) 
if keypressed then 

begin 
ch := Readkey; 
if (upcase (ch) = 'P') then 
begin 
CAMCL (dataway_z); CA 'CL (daiaway_i); shoi_count := 0; 
txs_dataA [txs_coum, detac.'Cd_electron_signal] := 0.0: 
txs_dataA [txs_count, laser_power] := 0.0; 
txs_dataA [txs_count, dissociated__radicaI_signaI] := 0.0; 
if not pause_experir ent (lxs_count) then 

begin 
show_txs_parameters; 
exit; 

end; 
CAMCL (dataway_c); 

end; 
end; 
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until (Q = 1): { LAM from LeCroy ADC I 

[ read data from ADCs J 
CAMI {LeCroy_ADC, rc3d_chai)nd, 

Ks_stp.LeCroy_ADC_channel [datachcd_electran_signaij. D. Q. X): 
txs_dataA [txs.count, dctached.electTon.signal] := 

txs_dataA [tts.count, detached_eleciron_signal] + D; 
CAMI (LeCroy_ADC. read.channei, 

ixs_stp.LeCroy_ADC_channel (laser_power], D, Q, X); 
txs_dataA [us_count, laserjxwer] := 

txs_dataA [tts_count, laser_power] + D; 
CAMI (LeCroy_ADC, read_cliannel, 

txs_stp.LeCroy_ADC_criannel [dissociaied_radical_signaI], D, Q, X); 
txs_dataA [txs_count, dissociated_radical_signal] := 

us_daiaA [txs_count. dissociaied_radicaI_signal] + D; 

t clear all ADCs and LAM ) 
CAMCL (dataway_c>; 
shot_count := shot_count + 1; 

end; 

ixs_daiaA [txs_coum, detached_elecuon_signal] := 
us_dataA [tts_count, detached_electron_signaI] / txs_stp.shots_per_point 

- txs_stp.zero [detached_electron_signal]; 
«s_dataA [«s_count, laser_power] := 

txs_daiaA [us_counl, laser_power] / txs_stp.shots_per_poim 
- ixs_stp.zero [laser_powerJ; 

us_dataA [ixs_couni, dissociated_radical_signal] := 
txs_dataA [txs_count, dissociated_radical_signal] / lxs_sip.shots_per_point 

- «s_stp.zero [dissociated_radical_signal]; 
normalized_detached_t'°':aon_signal:= 

txs_dataA (txs.oiut, detached_electron_signal]; 
if normalized_detached_electron_signal < 1.0 then 

normalized_detached_eIectron_signai := 1.0; 
normalized_laser_power := 

txs_dataA (txs_count, laser_power]; 
if normalizcd_laser_power < 1.0 then 

normalized_laser_power := 1.0; 
txs_dataA [txs_count, normalized_signal] ;= 

1000000 * txs_dataA [txs_count, dissociated_radical_signal] 
/normalized_detachcd_e[ectron_signal 

/ normalized_lascr_power; 

txs_dataA [(txs_count + 1), laser_wavelcngth] := 
lxs_stp.start_iambda + (txs_counl * txs_stp.deltajambda); 

txs_dataA [(ixs_count+ I), laser_wavenumber] := 
wl2wn (txs_dataA [(us_count + 1), laser_wavelength]); 

until (((tcs_sip.stanjambda < txs_stp.end_lambda) and 
(txs_dataA [(txs_counl+l), laser_wavelength] > 
(txs_stp,endjambda + (us_stp.delta_lambdc / 2.0)))) or 
((txs_stp.start_lambda > txs_stp.end_kmbda) and 
(txs_dauA [(lxs_coum+l), laser_ wavelength] < 
(txs_stp.end_lambda + (txs_stp.dcltajambda / 2.0)))) or 
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{txs.coum x ntx.ocs.dau)): 

rxs_plotjoint (txs.couru, deached_electron_signaI): 
BSj)lot_poim {tts.cotml. laserjcwer); 
txs_pkx_point (ixs.count, dissociated_radicai_signal); 
us_pkxj»im (us.count, nomulizcd.signal); 

setjpib_rcmoi£ (FALSE): 

CAMCL (dataway_z); 
CAMCL (dataway.i); 

set_done_flag: 
ch := Readkey: 

RestoreCRTMode; 
save_data_file; 
wriieln; writeln; 
if ask_for_boolean COutput screen display to LaserWriter?') then 
begin 

dump_txs_experimcnt_screen; 
end; 

show_txs_parametcrs; 

end; { procedure run_txs_experiment) 

end. { unit txs_exp ] 

2.16 tofms.pas 

( tofms.pas 

This unit allows the main FRBM program to take mass spectra as an 
option and stores the mass spectra data files as .tof files with 
associated log files to be stored as .tof files ) 

unit tofms; 

(SO+J 
(SF+) 

interface 

uses 
graph.^raphadd,grafutil,tofplot,plotutil,globals,uiility,DOS,CRT; 

type 
integer_24 = array [0..2] of byte; 

var 
f, a, d, x, q. 
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recordJenph: iraeter. 
done: boolean: 
firsttirne: boolean: 

procedure im'tialize_m_s; 
procedure setup; 
function real_converi (var a: integer_24): real: 
procedure display_dau (curreni_data: boolean): 
procedure read_data; 
procr •'•ore loop_read_data; 
procedure checkLAM; 
procedure m_s_menu; 
procedure dokeyCch: char); 
procedure switch_back_to_main_enpt; 
procedure switch_to_mass_spec; 

implementation 

(SF-) 

(SIcamturbo.v4) 

ISF+} 

procedure initialize_m_s; 
var 
f, a, x, q: integer; 
d: integer, 
ErrorCode: integer; 

begin ( procedure initialize_m_s ) 
new (tof_data); 
data_count:=-l; 
mass_spec_delay ;= 0.0; 
firsttime := TRUE; 
window (1,1,80,24); 
clrscr; writeln; writcln; 
writein (' Change over to mass spectra data collection configuration.'); 
writeln; writeln; 
writeln f l . Ensure detector is unblocked and not amplified (turn off); 
writeln (' detector power supply before removing amplifier!!!).'); 
writeln; 
writeln C2. Take radical dissociation signal from LeCny channel 2 and piug'); 
wriieln (' it ir> to the DSP 2001 AS transient recorder signal-in connector.'); 
writeln; 
writeln 03. . ake the trigger from section 2 of the gate generator and'); 
writeln f piug it in to the DSP 4101 averaging memory external trigger.'); 
wriieln; 
writeln ('4. After hilling <cmcr> to continue, select Read from mass1); 
writeln (' spec main menu lo initialize mass spec operation.'); 
writeln: 
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rearlln; 

{ disable averaging J 
f : = 2 4 ; a : = l : d : = 0 ; 
CAMO (memory, f, a, d, x, q); 

{ enable LAM on CAMAC dataway ) 
f:=26;a:=0;d:=0: 
CAMO (memory, f, a, d, x, q); 

(initialize digitizer control register for: ) 
{ 0 pretrigger samples, Ik record length, 10ns sampling interval} 
digitizer_control :=S0018; 
f :=16;a :=0; 
CAMO (digitizer, f, a, digitizer_control, x, q); 

(initialize memory control register for: ) 
( 0 TRAQ channels, sweep terminated after each trigger, subtraction mode,) 
( 2's complement arithmetic, stop averaging on overflow, ) 
( external trigger disabled ) 
memory_control := S0O60; 
f := 16; a := 2; 
CAMO (memory, f, a, memory_control, x, q); 

{initialize memory record length to IV ) 
recordjength := S0400; 
f :=16 ;a :=3 : 
CAMO (memory, f, a, recordjength, x, q); 

{initialize memory sweeps register to 200 sweeps ) 
sweeps_to_average := S00C8: 
f := 17; a := 0; d := SFFFF - sweeps_to_average + 1; 
CAMO (memory, f, a, d, x, q); 

(reset internal LAM ) 
f := 10; a := 0; d := 0; 
CAMO (memory, f, a, d, x, q); 

( reset memory and digitizer -- dataway Z } 
f : = l ; 
CAMCL (f); 
delay ((recordjength div 4000) + 1); 

end; ( procedure initialize_m_s ) 

procedure setup; 
var 

f, a, q, x : integer. 
d: integer, 
dummy: integer, 
ch;chan 

begin j procedure stiup ) 
clrscr. 

364 



wriieln; 
writeln CO: quit"); 
writeln: 
writeln ( '1: set number of pretrigger samples'); 
wriieln (' (0/8,1/8, 2/8, 3/8,4/8,5/8,6/8, 7/8)'); 
writeln; 
writeln ('2: set record length'); 
writeln (' (256.512, 1024,2048,4096)'); 
writeln; 
writeln ('3 : set sampling time interval'); 
writeln (' (10ns, 20ns, 50ns, 100ns, 200ns, 500ns, lus, EXTCLK)'); 
writeln; 
writein ('4: set number of sweeps to average'); 
writeln (' (0 - 32k)'); 
writeln; 
writcln ('5 : add or subtract data'); 
wriieln; 
writein ('6 : offset binary or twos complement arithmetic'): 
writeln; 
writeln ('7 : stop or continue averaging on arithmetic overflow'); 

gotoxy (60,4); write ((digiuzer_control and S7):l, 78'); 
gotoxy (60, 7); 

write ((S8000 SHR ((((digitizer_control SHR 3} and 7) + 2) mod 8)):1); 
gotoxy (60,10); case ((digitizer_control SHR 6) and ?) of 

0 : write ('10ns'); 
1 : write ('20ns'); 
2 : write ('50ns'); 
3 : write ('100ns'); 
4 : write ('200ns'); 
5 : write ('500ns'); 
6 : write ('lus'); 
7 : write CEXTCLK'); 

end; ( case sampling interval ) 
gotoxy (60,13); write (sweeps_to_averagc); 
gotoxy (60,16); if ((memoryjrontrol and S20) = S20) then 

write ('subtract data') 
else write ('add data'); 

gotoxy (60,18); if ((memory.control and S40) = S40) then 
write ('twos complement') 

else write ('offset binary'); 
gotoxy (60,20): if ((mernory_comrol and S80) = S80) then 

write ('continue') 
else write ('stop on overflow'); 

repeat 
gotoxy (1, 22); cJreol; gotoxy (1.23): circol; gotoxy (1. 24); cireol: 
gotoxy (1,22): write ('?'): ch := Readkey: ch := upcase (ch); 
writeln (ch): 
case ch of 

T : begin 
writeJn CO : 0/8, 1 : 1/S. 2 : 2/8. 3 : 3/S." + 

J : 4/8.5 : 5/8.6: 6/S. 7 : 7/81; 
write (pretnggersamples'1'):readta(dummy): 
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if ((dummy >= 0) and (dummy <= 7)) then 
begin 
goloxy (60,4); clri"' write (dummy.l, '/&'); 
digiuzer_control .= (digitizer_conD-ol and SFFF8) + 

dummy; 
f := 16: a := 0: 
CAMO (digitizer, f, a, digitizer_control, x, q); 

end; 
end; 

'2 ' : begin 
writeln ('0 = 256,1 = 512,2 = Ik, 3 = 2k, 4 = 4k'); 
write Crecord length?'); readln (dummy); 
if ((dummy >= 0) and (dummy <= 4)) then 

begin 
recordjenglh := (S100 SHL dummy) - 1 ; 
gotoxy (60,7); clreol; write ((recordjength + 1) .1); 
digitizer_control := (digitizer_control and SFFC7) + 

(((13 - dummy) mod 8) SHL 3); 
f :=16;a :=0: 
CAMO (digitizer, f, a, digitizer_control, x, q); 
f := 16; a := 3; d := recordjength; 
CAMO (memory, f, a, d, x, q); 

end; 
end; 

' 3 ' ; begin 
writeln ('0 = 10ns. 1 = 20ns, 2 = 50ns, 3 = 100ns,' + 

'4 = 200ns, 5 = 500ns, 6 = lus, 7 = EXT'); 
write ('sampling interval? '); readln (dummy); 
if ((dummy >= 0) and (dummy <= 7)) then 

begin 
gotoxy (60,10); clreol; 
case dummy of 

0 : write ('10ns'); 
1: write ('20ns'); 
2 : write ('50ns'); 
3 ; write ('100ns'); 
4 : write {'200ns'); 
5 : write ('500ns'); 
6 : write ('lus'); 
7 : write ('EXTCLK'); 

end; ( case sampling interval } 
digitizer_control := (digitizer_controi and SFE3F) + 

(dummv SHL 6); 
f :=16;a :=0: 
CAMO (digitizer, f, a, digitizer_control, x, q); 

end; 
end; 

'4 ' : begin ( set sweeps register) 
write ('average for how many sweeps?"): 
readln (dummy); 
if ((dummy > 0) and (dummy <= S7FFF)) then 

begin 
swecps_to_averagc := dummy: 
gotoxy (60.13); clreol; wriie tswceps_to_average ;1); 
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f := 17; a := 0: d := (SFFFF - sweeps.to.average + 1); 
CAMO (memory, f, a, d, x, q): 

end; 
end; 

S'; begin 
if ((memory_control and S20) = S20) then 
begin { switch to addition mode ) 
memory.control .= memory.control and SFFDF; 
gotoxy (60,16); clreol; write ('add data'); 

end 
else 
begin [ switch to subtraction mode ) 
mcmory_control := memory .control or S20; 
gotoxy (60,16); clreol; write ('subtract data'); 
if ((memory_controi and S40) = 0) then 
begin ( also switch to two's complement arithmetic ) 
memory _coniroi := memory .control or S40; 
gotoxy (60,18); clreol; write ('twos complement'); 

end; 
end; 

f :=16;a :=2; 
CAMO (memory, f, a, memory_control, x, q); 

end; 
'6 ' : begin 

if ((memory.control and S40) = S40) ihen 
begin ( switch to offset binary arithmetic ) 

memory.control := memory.conirol and SFFBF; 
goioxy (60,18); clreol; write ('offset binary'); 
if ((memory.conlrol and S20) = S20) then 
begin ( also switch to addition mode ) 

memory.control := memory.conlrol and SFFDF; 
gotoxy (60, 16); clreol; write ('add data'); 

end; 
end 

else 
begin { switch to two's complement arithmetic } 
memory_conirol := memory .control or S40; 
goioxy (60, 18): clrcol; write ('twos complement'); 

end; 
f :=16;a :=2; 
CAMO (memory, f, a. memory .control, x, q); 

end: 
'7 ' : begin 

if ((memory.control and S80) = S80) men 
begin ( switch to stop averaging on arithmetic overflow ) 

memory.conirol := memory control and SFF7F; 
gotoxy (60. 20): clrcol: write ('stop on overflow''); 

end 
else 
begin ( switch to continue averaging on overflow ) 

memory.comrol := memory .control or SS0: 
gctoxy (60, 201: clreol: write fcominuc'V. 

end: 
t := 16:a:=2; 
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CAMO (memory, f, a. memory_connol, x, q); 
end; 

end: ( case ch J 
until (ch = 0'); 

end: { procedure setup ) 

function reaI_convert (var a : integer_24): real; 
begin ( function real_conven } 

real_convert := (65536.0 * a[2]) + (256.0 * a[l]) + a[0]; 
end; { function real_convert) 

procedure display_data (current_data : boolean); 
var 
i : integer; 
display_data_count: integer. 

begin { procedure display_data ) 
if current_data then 
begin 
display _data_count := data_count: 

end 
else 

begin 
display _data_coum := df_data_count: 

end; 
if (disp!ay_data_count = -1) then exit; { no data has been read yet} 

SetGraphMode (GraphMode); 
GraphicsOn := TRUE: 
if (tof_data_max = tof_data_min) then 
begin 
tof_data_max := tof_data_max + 0.5: 
tof_data_min — tof_data_min - 0.5; 

end; 
tof_plot_min [tof_signal] := tof_data_min - 0.05 * (tof_data_max - tof_data_min); 
tof_plot_max [tof_signal] := tof_data_max + 0.05 * (tofjiaia_max - tof_data_min);; 
tofj>lot_min [time] := -0.05 * display_data_count; 
tof_pIot_max [time) := 1.05 * display_data_count: 

tof_draw_axes (time, tof_signal): 
SetColor (LightGray); 

MoveUser (0. tof_dauA[0]): 
for i := 1 to (display_data_count - i) do 
begin 

DrawLineUser (i. lof_daia*[i]): 
end: 

rcadln: 
ResicreCRTModc; 
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GraphicsOn := FALSE; 
clrscn 
if current_data then 
begin 

GoToXY(5,12); 
save_data_file (tof): 

end; 
writein; wriieln; 
if ask_for_boolcan ('Output mass spectrum 'o plotter? [Y/Nl:') then 
begin 
dump_iof_experiment_scrcen (time, iof_signal, display_data_count); 

end; 
TextColor (14); 

end; ( procedure display_data ) 

( * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

procedure read_data; 
type 

ms_data_array = array [0..4095] of integer_24; 
var 

f, a, x, q,e : integer; 
d : integer; 
starting_address: integer; 
sweeps_done: integer; 
i, j : integer; 
ms_data: ms_data_array; 
dummy : integer absolute ms_data; 
crate, nob, qbl, ntr : integer; 
maxi: integer; 
left, right, half, frac, sum ; real; 
tot, cutoff: real; 

begin { procedure read_data ) 
staning_address := 0; 

if (recordjength > 4095) then 
begin 
writein ('array space for4k record length max); 
write ('enter starting address in 4101 memory :'); 
readln (starting_address); 

end; 

for i := 0 to recordjengih do 
for j := 0 to 2 do 
ms_data [i.j] := 0; 

{disable averaging ) 
f ;=24;a . -=l ;d :=0; 
CAMO (memory, f, a, d, q, xi; 

( read sweep counter ] 
f:= l : a : = 0 : d : = 0 : 
CAMI (.memory, f. a, d. q, xi; 
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sweeps_done := d - (SFFFF - sweeps_to_average + 1); 

{ set address of first data word to starting_address ) 
f := 16: a := 1; d := starting_address; 
CAMO (memory, f. a, d, q, x); 

crate := 1; nob := 3; qbl := 1; 
if (recordjength < 4095) then 
ntr := recordjength + 1 

else 
ntr := 4096: 

DMASET (crate, nob, qbl, ntr); 
f : = 2 ; a : = 0 ; 
DMAI (memory, f, a, dummy, e); 
if (e <> 0) then 
begin writeln ('e =', e:l); readln; end 

else 
begin 

camcyc (ntr); data_count := (nir -1); 
writeln ('completed ', ntr:l,' DMA transfers'); 

end; 

tof_dataA [0] := -1 * real_conven (ms_data [0]); 
tof_data_max := tof_dataA [0]; 
tof_data_min := tof_dataA [0]; 
for i := 1 to (data_coum - 1) do 

begin 
tof_dataA [i] := -1 * real_convert (ms_daia [i]); 
if (tof_dataA [i] > tof_data_max) then 
begin 

tof_data_max := tof_dalaA [i]; 
maxi := i; 

end 
else if (tof_daiaA [i] < tof_data_min) then 

begin 
tof_data_min := tof_dataA [i]; 

end; 
end; 

for i := 0 to (data_count -1) do 
begin 
tof_dataA [i] := tof_dataA [i] - tof_data_min: 

end; 
tof_data_max := tof_data_max - tof_data_min: 
tof_data_min := 0.0; 
writfiln ('maximum data value = ', iof_data_max ;8:0.' at pt sf *,maxi:0): 
writeln ('minimum data value = ' , tof_daia_min :8:0); 
writeln Cdifference = ,iof_data_max - iof_daia_min :0:0); 

if (tof_data_max = tof_dau_min) then 
begin tof_data_max := tof_data_max + 0.5: tof_data_min := tof_data_min 

else ( find fwhm of largest peak and area under it) 
begin 

sum := 0.0; 
for i := (data_coum - 50) to (data_count - !) do 
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sum := sum + tof_dataA[i]; 
sum := sum/50; {this is T>aseline' ) 
writeinOLargest peak is ',tof_data_max-sum.O:0,' above baseline'): 
half := (tof_data_max + sum)/2.0; 
i := maxi; 
repeat 

i := i + 1; 
until ((tof_dataA[i) < ha!0 or (i >= daia_couni)); 
if (i < daia_count) then 

frac := (half - iof_dataA[i-I])/(tof_daiaA[i]-tof_dataA[i-l]) 
else 

frac := 0.3; 
right := i - 1 + frac; 
i := maxi; 
repeat 

i := I - 1; 
until ((lof_dataA[i) < half) or (i <= 1)); 
if(i> ])then 

frac := (half - tof_dataA[i+i;)/(tof_dataA[i]-tof_dataA[i+l)) 
else 

frac := 0.0; 
left := i + 1 - frac; 
writeln('FWHM = ',right-Iefi:0:2,' channels'); 
cutoff := sum + (tof_data_max - sum)*U I; 
tot := 0.0; 
i := maxi; 
repeat 

i : = i - 1; 
tot := tot + tof_dataA[i] - sum; 

until ((tof_dataA[i] <cutoff) or (i <= !)); 
tot := tot - (tof_dataA[i) - sum)/2; 
i := maxi - 1; 
repeat 

i :=i + 1; 
tit := tot + tof_dataA[i] - sum; 

until <(tof_dataA[i) < cutoff) or (i >= data_count)); 
lot := tot - (tof_data"[i] - sum)/2; 
writeln('Area to 10% is ',tot:0:0); 
tot := 0.0; 
for i := maxi - 2 to maxi + 2 do 

tot := tct + tof_dataA[i] - sum; 
writcinfArea in 5 points is ,tot:0:0); 
lot := tof_dataA[maxi] + tot_dataA[maxi+l] + tof_daiaAimaxi-1 ] 

+ (tof_dataA[maxi+2] + tof_dataA[maxi-2])/2 - 4*sum; 
\vriteIn('Arca in 4 points is \tot:0:0): 

end; 
readln; 

! reset LAM ) 
f;= 10; a := 0: d := 0: 
CAMO imemon*. f. a, d. q. xi: 

{ enable averaging ) 
{ f : = 2 6 : a ; = i : d : = 0 ; 



CAMO (memory, f, a, d, q, x);} 
end; ( procedure read_data ) 

procedure loop_read_data; 
begin (procedure loop_read_data ) 
end; ( procedure loop_read_data 1 

procedure checkLAM; 
var oldX, oldY : integer, 
begin 

( test for internal LAM on ) 
f := 8; a := 0; d := 0; 
CAMO (memory, f, a, d, q, x); 
if ((q = 0) and firsttime) then 
begin 
oldX := WhereX; oldY := WhereY; 
gotoxy(l,20); writeln ('internal LAM not on'); 
gotoxy(oldX,oldY); 
firsuime := FALSE; 

end; 
if ((q = 1) and (NOT firsttime)) then 
begin 
oldX := WhereX; oldY ;= Where Y; 
gotoxy(l,20); writcln ('internal LAM is on '); 
firsttime := TRUE; 

(read LAM register ) 
f := 0; a := 0; d := 0; 
CAM1 (memory, f, a, d, q, x); 
if ((d and S0400) = S0400) then 
write ('DONE'); 

if ((d and S0800) = S0800) then 
write ('OVERFLOW'); 

if ((d and S0E00) = S0200) then 
writeCF24Al '); 

writeln; 

[ read sweep counter ] 
f := 1; a := 0; d := 0; 
CAMI (memory, f, a. d. q, x); 
writein (d + sweeps_to_average: 1.' sweeps completed'); 
gotoxy(oldX,oldY); 

end; 
end; { procedure checkLAM ) 

p...,,.........,.......,..,...,....,..,.........,...,,,.,..,..,..,..,..,, 

procedure m_s_mcnu; 
begin 

clrscn 



writeln (TJ: disable external trigger1); 
wriieln CE: enable external trigger); 
writeln ( Z : reset and enable external trigger'); 
writeln CR : read data and display on screen'); 
writeln (' : reload sweeps counter); 
writeln ('S ; set up control registers'); 
writeln ('W : write data to file'); 
writeln ('G ; get data from file'); 
writeln ( Q : quit'); 
writeln; write 0?'); 

end; ( procedure m.s.menu ) 

{ " * *************** **** 
procedure dokey(ch : char); 
begin 

case ch of 
'D': begin 

[ disable external trigger) 
memory_control := memory_control or S0100; 
f;= I6 ;a :=2; 
CAMO (memory, f, a, memory_control, x, q); 

end; 
'E': begin 

f enable external trigger) 
memory .control := memory .control and SFEFF; 
f ;=16 :a :=2 : 
CAMO (memory, f, a, memory .control, x, q); 

end; 
'Z' : begin 

( disable external trigger ) 
memory.conirol := memory, control or S0100; 
f :=16;a :=2; 
CAMO (memory, f, a, memory.control, x, q); 
{disable averaging ) 
f :=24;a:= l ; d :=0 ; 
CAMO (memory, f, a, d, x, q); 
( reset ) 
f : = 9 ; a : = 0 ; d : = 0 ; 
CAMO (memory, f, a, d, x, q); 
( wait for averaging memory to clear ) 
delay ((record.length div 4000) + 1): 
( enable external trigger J 
memory.control := memory.conirol and SFEFF; 
f :=16 ;a :=2 : 
CAMO (memory, f, a, memory.conirol. x. q): 

end; 
'R': begin 

! disable averaging ) 
!":=2-i;a:= l ; d ; = 0 ; 
CAMO (memory, f, a. d. x, q.i; 
read.daia: 
! reset internal LAM } 
f = 10: a := 0: d := 0: 



CAMO (memory, f, a, d, x, q); 
( enable averaging ) 
f : = 2 6 ; a : = l ; d : = 0 ; 
CAMO (memory, f. a, d, x, q); 
display_data (TRUE): 

end; 
' C : begin 

( disable averaging ) 
f : = 2 4 ; a : = l ; d : = 0 ; 
CAMO (memory, f, a, d, x, q); 
{reload sweep counter} 
f : = 2 5 ; a : = I ; d : = 0 ; 
CAMO (memory, f, a, d, x, q); 
(reset internal LAM ) 
f :=10 ;a :=0 :d :=0 ; 
CAMO (memory, f, a, d, x, q); 
( enable averaging ) 
f :=26;a:= I; d := 0; 
CAMO (memory, f, a, d, x, q); 

end; 
'S ' : begin 

{ disable averaging ! 
f : = 2 4 ; a : = l ; d : = 0 ; 
CAMO (memory, f, a, d, x, q); 
setup; 
{ reset internal LAM ) 
f:= 10; a := 0; d := 0; 
CAMO (memory, f, a, d, x, q): 
! enable averaging ) 
f :=26;a:= I: d := 0: 
CAMO (memory, f, a, d, x, q); 

end; 
' W : sav-;_data_file (tof); 
'G': begin 

read_data_file (to0: 
delay(500); 
display _data (FALSE): 

end; 
- Q': done := TRUE; 

end; ( case ch ) 
end: ( procedure dokey ) 

procedure switch_bacl;_io_main_expt: 
begin ( procedure swiich_back_to_main_expt) 
clrscr; wriieln; writcln: 
writeln (' Change over to total photodissociauon cross sccuon): 
writeln C data collection configuration.'): 
writeln: wnteln: 
wv.teln ( I . Take radical dissociation signal from the DSP 2001 AS ">: 
writtln (* transient recorder signal-in connecter and plug'!1: 
wnieln (" it in to channel 2 of the LcCray 22-9SG anaior" to digital"'1 

wnicln f ccnvcncr.'V 
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writeln; 
wriiein CI. Take the trigger from the DSP 4101 averaging memory externaf); 
writein (' trigger and plug it in to secuon 2 of the gate generator.-); 
wriiein: 
write C Hit <enter> when these steps are complete....); 
readln; 

end: f procedure swiicl)_back_to_main_expt) 

procedure swiich_to_mass_spec; 
begin ( procedure switch_to_mass_spec ) 

initialize_m_s; 
done := FALSE; 
m_s_menu; 

repeat 
checkLAM: 
ifkeypressedthen 
begin 
ch := readkey; 
if (ch = #0) then ch := readkey; ( function key pressed ) 
ch := upcase (ch); writeln (ch); 
dokey(ch); 
m_s„menu; 

end; 
until done; 
dispose (tof_data); 
switch_back_to_main_expt; 

end; { procedure switch_to_mass_spec ) 

end. ( unit tofms } 

2.17 gpibutil.pas 

{gpibuiil.pas 
procedures used for GPIB control 

unit gpibulil; 

(SO+) 
(SF+) 

interface 

uses gloDals.graph,uuIity,tpdecl.CRT: 

type 
string_S0 = string[80); 
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sttkigJS = string[8J; 
sning_2 = siring[2]; 

var 
Bd, dye_laser, stanford_box : integer. 
Iaser_buffer: string_80; 
IBBuf: array[l..SFFl of chan 

procedure GPIB_error (call: string_8); 
procedure init_GPIB: 
procedure set_gpib_remote (remote_on : boolean); 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

implementation 

procedure GPIB_error (call: string_8); 
begin { procedure GPIB_error } 
if GraphicsOn then 
RestoreCP.TMode: 

writeln ('GPIB error on call', call); 
halt; { stop the entire program ) 

end; (procedure GPIB_error | 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

(initialize the GPIB card to talk to dye lasers and Stanford boxes ( 

procedure init_GPIB; 
begin { procedure init_GP!B ) 

detachment_dye_laser := -1; 
BdName := 'LASER 1'; 
while (detachment_dyc_laser < 0) do 

begin 
detachment_dye_laser := IBFind(BdName); 
if (detachment_dye_laser < 0) then 

if not ask_for_boolean 
CDetachment Dye Laser IBFind error. Try again? ') then 
halt; 

end: 

dissocialion_dye_Iaser := -1; 
BdName := LASER2'; 
while (dissociation_dye_laser < 0) do 
begin 
dissociation_dye_laser := IBFmd(BdName); 
if (dissociation_dye_laser < 0) then 

if not ask_for_boolean 
(Dissociation Dye Laser IBFind error. Try again?') then 
hail; 

end: 

sbl .-= -1; 
BdName :='SB I '; 
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while (sbl < 0) do 
begin 
sbl := IBHnd(BdName); 
if(sbl<0)then 

if not ask_for_booIean 
{'Slanford Box #1 IBFind Error. Try again? ~) then 
hall; 

end; 

sb2 := -1; 
BdName :='SB2 '; 
while (sb2 < 0) do 
begin 
sb2 := IBFind(BdName); 
if (sb2 < 0) then 

if not ask_for_boolean 
('Slanford Box #2 IBFind error. Try again?') then 
halt; 

end; 

Bd:=-1 ; 
BdName :='GPIBO '; 
while (Bd < 0) do 
begin 

Bd := IBFind(BdNamc); 
if (Bd < 0) tiien 

if not ask_for_boolean ('GPIBO Board IBFind error. Try again?') then 
halt; 

end; 

IBSIC(Bd); ( Send Interface Clear J 
if TBSta < 0) then GPIB_error (TBSIC); 

end; { procedure init_GPIB ) 

procedure set_gpib_remote (remote_on ; boolean); 
begin ( procedure set_gpib_remote ) 

if remote_on then 
IBSRe (Bd, 1) 

else 
IBSRe (Bd, 0); 

if(IBSta<0) then GPIB_error('rBSRe); 
end; ( procedure set_jpib_remote ) 

end. ( unit gpibulil) 

2.18 tpdecl.pas 

unit tpdecl; 
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fSLtpft} 

interface 

Const 

(* GPfB Commands: 

UNL 
UNT 
GTL 
SDC 
PPC 
GGET 
TCT = 
LLO = 
DCL = 
PPU = 
SPE = 
SPD = 
PPE = 
PPD = 

S3f; 
S5f; 
SOU 
$04; 
SOS; 

= S08; 
S09; 
S l l ; 
S14; 
S15; 
S18; 
S19; 
S60: 
S70; 

(* GPIB status bit vector 

ERR = 
HMO 
UEND 
SRQI s 
RQS = 
CMPL 
LOK : 
REM 
CIC = 
ATN 
TACS 
LACS 
DTAS 
DCAS 

S8000; 
= S4000; 
= S2000; 
= 51000; 
= S800; 
= S100; 
= S80; 
= S40; 
:S20; 
= S10; 
= S8; 
= S4; 
= S2; 
= S1; 

*) 
(* GPIB unlisten command *} 
(* GPIB untalk command *) 
(* GPIB go to local *) 
(* GPIB selected device clear *) 
{* GPIB parallel poll configure *) 

(* GPIB group execute trigger *) 
(* GPIB take control *) 
{* GPIB local lock out *) 
(* GPIB device clear *) 
(* GPIB parallel poll unconfigure *) 
(* GPIB serial poll enable *) 
(* GPIB serial poll disable *) 
(* GPIB parallel poll enable ") 
(* GPIB parallel poll disable *) 

*) 
(•Error detected *) 
(* Timeout *) 
(*EOI or EOS detected *) 
(* SRQ detected by CIC *) 

(* Device needs service 
(* I/O completed 

(* Local lockout state 
(* Remote state 
(* Controller-in-Charge 
(* Attention asserted 
(* Talker active 
(* Listener active 
(* Device trigger state 
(* Device clear state 

*) 

*) 
*) 

*) 
*) 
*) 

*) 
*) 

(* Error messages returned in global variable IBERR: *) 
EDVR =0; (* DOS error *) 
ECIC = 1: (* Function requires GPIB board to be CIC *) 
ENOL = 2; (* Write funcuon detected no Listeners *) 
EADR = 3; (* Interface board not addressed correctly*) 
EARG = 4; (* Invalid argument to function call *) 
ESAC =5; (* Funcuon requires GPIB board to be SAC *) 
EABO = 6; (* I/O operation aborted *) 
ENEB = 7; (* Non-existent interface board *) 
EOIP =10; ("I/O operation started before previous *) 

(* operation completed *) 
ECAP=11: ( 'No capability for intended operation *) 
EFSO = 12; (* File system operation error *) 
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EBUS = 14: (* Command enor daring device call *) 
ESTB=15: (* Serial poll status byte lost *) 
ESRQ = 16; (* SRQ remains asserted *) 

0* EOS mode bits: *) 
BIN =SI000; 
XEOS = Si;00: 
REOS = S400: 

(* Eight bit compare *) 
(* Send EOI with EOS byte *) 
{* Terminate read on EOS *) 

(* Timeout values and meanings: 

TNONE = 0: 
TlOus = 1; 
T30us = 2; 
TlOOus = 3; 
TJOOUS = 4; 
Tims = 5; 
T3ms = 6; 
TlOms = 7; 
T30ms = 8; 
TlOOms = 9; 
T3O0ms = 10; 
Tls = 11; 
T3s = 12; 
TlOs = = 13; 
T30s = = 14; 
TlOOs = 15; 
T300s = 16; 
TlOOOs = 17; 

(* Miscellaneous: 

S =S08 
LF = SOA: 

(* Infinite timeout (disabled) *) 
Timeout of 10 us (ideal) *) 
Timeout of 30 us (ideal) *) 
Timeout of 100 us (ideal) *) 
Timeout of 300 us (ideal) *) 
Timeout of 1 ms (ideal) *) 
Timeout of 3 ms (ideal) *) 
Timeout of 10 ms (ideal) *) 
Timeout of 30 ms (ideal) *) 
Timeout of 100 ms (ideal) *) 

(* Timeout of 300 ms (ideal) *) 
Timeout of 1 s (ideal) 
Timeout of 3 s (ideal) 
Timeout of 10 s (ideal) 
Timeout of 30 s (ideal) 
Timeout of 100 s (ideal) 
Timeout of 300 s (ideal) 

(*' 
(* 
(* Timeout of 1000 s (maximum) *) 

*) 
*) 
*) 
*) 
*) 
*) 

(* Parallel poll sense bit *) 
(* ASCII linefeed character " 

f * * c * K * » * * * * ¥ * * : * * * * * * * * * * I K * * * * * * * * * * * * * * * * : ) : * * * : * * * * * * * * * * * * * * * * * * : ^ 

nbufsize = 7; (* Length of board/device names -- hard-coded 
in TPIB *) 

flbufsize = 50: (* A generous length for filenames - the 
minimum allowed by the handler is 32. 

50 is hard-coded in TPIB *) 

i - * * * * * * * * * * * * * * * * * * * * * * * * X * * * * * * * * * * * * * * * * * * * * 

Type nbuf = arrayfl..nbufsize] of char: (* device/board names *) 
flbuf =array!l..flbufsize] of char; (* filenames *) 

(.„...,...,.......«.,.......................««.».».«.,......: 

(* These three variables are to be accessed directly in application program. *) 
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var ibsta: word; 
var iberr: word; 
var ibcni: word; 

(* status word *) 
(* GPIB error code *) 
(* number of bytes sent or DOS error *) 

<* The following variables may be used directly in your application program. ") 
Var 

bname : nbuf; (* board name buffer *) 
bdname: nbuf; (* board or device name buffer *) 
flname: flbuf; (* filename buffer *) 

procedure ibbna (bd:integer;var bnamembuf); 
procedure ibcac (bd:imeger;v:inieger); 
procedure ibclr (bd:integer); 
procedure ibcmd (bd:integer, var cmd;cnt:word): 
procedure ibcmda (bdrinteger, var cmd;cnt:word); 
procedure ibdiag (bd:integer,var rd;cnt:word); 
procedure ibdma (bd:integer;v:imeger); 
procedure ibeos (bd:integer;v:inieger); 
procedure ibeot (bd:integer;v:integer); 
function ibfind (var bdname:nbuf):intcger: 
procedure ibgts (bd:integer,v:integcr); 
procedure ibist (bd:integer;v:integer); 
procedure ibloc (bd:integer); 
procedure ibonl {bd:imegenv:integer); 
procedure ibpad (bd:imegcnv:imcgcr); 
procedure ibpct (bdrinteger); 
procedure ibppc (bd:inieger;v:integer); 
procedure ibrd (bd:integer;var rd;cnt:word); 
procedure ibrda (bd:integer;var rd;cnt:word); 
procedure ibrdf (bd:integer;var flname:flbuf); 
procedure ibrpp (bd.'iniegenvar ppr); 
procedure ibrsc (bd:integenv:integer); 
procedure ibrsp (bd:imeger;var spr); 
procedure ibrsv (bd:integer;v:integer); 
procedure ibsad (bd:integer;v:integer); 
procedure ibsic (bcfcimeger); 
procedure ibsre (bd:integer;v:imeger); 
procedure ibstop (Ixi.'imeger); 
procedure ibtmo (bd:integer,v:inieger); 
procedure ibtrap (mask:word;v: integer); 
procedure ibtrg (bd:integer); 
procedure ibwait (bd:integer,mask:word); 
procedure ibwrt (bd:integer;var wrucntword); 
procedure ibwna (bd:integer;var wrt;cnt:word); 
procedure ibwrtf (bd:integer;var flnamerflbuf); 

implementation 

var 
found: integer, 

ourjev: integer; 
(* Hag set after first successful ibfind *) 
(* local loop control variable *) 

(* The GPIB board funciions declared public by TPIB.OB J: 
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procedure ibbna (bd:inieger,var bnamembuf): external; 
procedure ibcac (bd:integer;v:integer); external; 
procedure ibclr (bd:imeger); external: 
procedure ibcmd (bdrimeger; var cmdxnuvord); external; 
procedure ibcmda (bd:imegcr; var cmd;cnt;word); external; 
procedure ibdiag (bd:inieger;var rdxncword); external: 
procedure ibdma (bd:integer,v:integer); external; 
procedure ibeos (bd.integer;v:integer); external: 
procedure ibeot (bd:integer;v:integer); external: 
function ibfind (var bdname:nbu/):integer; external; 
procedure ibgts (bd:integer,v:integer); external; 
procedure ibist (bd:integer;v:integer); external: 
procedure ibloc (bd:integer); external; 
procedure ibonl (bd:imeger;v:integer); external; 
procedure ibpad (bd:integer,v:integer); external: 
procedure ibpct (bd:integer); external; 
procedure ibppc (bd:integer;v:integer); external: 
procedure ibrd (bd:integer;var rd;cnt:word); external; 
procedure ibrda (bd:integer;varrd;cnt:word); external; 
procedure ibrdf (bd:integer;var flname:flbuf); external; 
procedure ibrpp (bd:integer;var ppr); external; 
procedure ibrsc (bd:integer,v:integer); external; 
procedure ibrsp (bd:integer;var spr); external; 
procedure ibrsv (bd:integer;v:integer); external; 
procedure ibsad (bd:inKger;v:integer); external; 
procedure ibsic (bd:integer); external; 
procedure ibsre (bd:imeger;v:integer); external; 
procedure tbstop (bd:integer); external; 
procedure ibtmo (bd:integer;v:integer); external; 
procedure ibtrap (mask:word;v:integer); external; 
procedure ibtrg (bd:imeger>; external; 
procedure ibwait (bd:integer;masfe:word); external; 
procedure ibwrt (bd:integer;var wrt;cnt:word); external; 
procedure ibwrta (bd:integer;var wrt:cnt:word); external; 
procedure ibwrtf (bd:intcger;var flname:flbuO; external; 

begin 

found:=0; (* initialize successful ibfind flag *) 
ibsta:=0; (* initialize global status variables *) 
iberr:=0; 
ibcnt:=0; 
for our_lcv:=l to nbufsize do (* blank fill name buffers *) 

begin 
bname[our_lcv]:=' '; 

bdname[our_lcv]:=''; 
end: 

for our_!cv:=l to flbufsize do 
flname[our_lcv):=''; 

end. 
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Appendix B 

TPS —The Control and Data Acquisition Program for Photodissociation Dynamics 

Experiments Involving Time- and Position-Sensitive Detection 

This Appendix contains TPS, the data acquisition program used to collect the 

relative rime-of-flight and the measured charge on each of the 6 conductors of the 

coincidence wedge-and-strip anode used in the time- and position-sensitive detector, for 

each dissociation event. The program saves all the raw data for later treatment on the Sun 

workstations, as well as displaying the build-up of dissociation fragment signal on the 

detector face as the experiment progresses. Routines are included that allow the user to 

vary all of the critical parameters in data collection (i.e., hardware and software ADC 

discrimination thresholds) and display (i.e., multiplicative, additive and crosstalk 

coefficients in the position finding algorithm). Memory management is particularly 

important in this program; a large heap is desirable so that as much data can be kept in 

memory as possible, limiting down time that accompanies transfers to disk. Please refer to 

the Borland Turbo Pascal manuals for information on the use of dynamic memory. 

Un' :s that are identical in both FRBM and TPS appear in Appendix A will not be 

repeated here. They are insgrdrv.pas, plotutil.pas, grafutil.pas. codes.pas appears in this 

program courtesy of Dr. John Price. 

1 Description of Files 

tps.pas Contains a list of units to be built into the program, and calls initialization 

routines followed by the main menu. 

inti_ovr.pas Initializes Turbo Pascal overlay manager to automatically overlay all units 

in tps.pas marked with the compiler directive SO+. 
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tps_init.pas Initializes all parameters and hardware (i.e., the ADCs) used by the 

program. 

tps_mm.pas Presents the user with an array of menu items, calling the routine 

corresponding to the selection made by the user. 

rps_gIob.pas Declares all variables, constants, data types, strings etc. that are shared 

among units 

insgrdrv.pas Installs various graphics drivers. 

tps_util.pas This is a catch-all unit which includes somewhat common functions and 

procedures that can be called from other units. See urility.pas of 

Appendix A. 

codes.pas ASCII codes are assigned constant designations for readability, 

tpsparam.pas Searches for and reads in a setup file containing initial parameters for 

experiments. If such a file is not found, it prompts the user for this 

information and allows such a setup file to then be written. 

tps_radc.pas radc stands for 'Read ADC, and this is primarily the function of diis unit. 

tps_exp.pas Controls the actual time and position data acquisition, storage and 

display, 

dfplot.pas Allows an image of the detector face with the build-up of coincidence 

photofragment events to be displayed on the computer screen as the 

experiment is in progress. 

rps_dcc.pas Allows the input of additive and multiplicative factors for the position 

algorithm. 

tps_ctf.pas Allows the input of cross-talk factors for the position algorithm. 

tps_Ild.pas Allows the user to enter new hardware lower level discrimination settings 

for the ADC channels (upper level hardware discrimination is not 

possible). 
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tps_swd.pas Allows the user to enter new lower and upper software discrimination 

settings to guard against spurious ADC readings. 

2 Source Code 

2.1 tps.pas 

(tps.pas ) 

f * * * * * * * * * * * * * * * * * * * * * * * * * W * * * * * * * * * * * * » * * * I I * * V * * * C * * I W * * * * I : * * « * * * * * « * * I * * 4 I * M ( 

( main program TPS ) 

program TPS (input, output); 

(SF+) 

{SM 16000,140000,300000) 

uses overiay,init_ovr,cps_init; 

(SO tps_init) 
{SO tps_glob) 
{SOinsgrdrvj 
{SOtps_util) 
(SOplouitil) 
(SOgrafutil) 
{SO codes) 
{SOtpsparam) 
(SOlps_radc) 
{SO tps_exp) 
(SOdfplot) 
(SOips_dcc) 
(SOtps_ctf) 
(SO tpsjld) 
(SO tps_swd) 
(SOtps_mm) 

begin ( main program TPS ) 

iniiialize_overlay; 
iniiialize_trjs_program: 

end. { main program TPS ) 
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22 initovr.pas 

( init_ovr.pas J 

{ contents: ) 

( procedure inilialize_overlay ) 
{ initializes overlay ) 

unit init_ovn 

(SF+) 

interface 

uses overlay; 

procedure initializc_overlay; 

implementation 

procedure initialize_overlay; 
const 
OvrMaxSize = 40000; 

var 
y : integer; 
OvrName : String[79J; 
Size : Longlnt; 

begin 
OvrName := 'tps.ovr'; 
repeat 
Ovrlnit(OvrName); 
if OvrResult = ovrNotFound then 
begin 

wriieln ('Overlay file not found:', Ovrname); 
write ('Enter correct overlay file name:'); 
readln (OvrName); 

end; 
until OvrResult <> ovrNotFound; 
if OvrResult <> ovrOK then 

begin 
writeln (/Overlay Manager Error!'): 
if OvrResult = ovrNoMemory then 

begin 
writeln ("Not enought memory for overlay buffer*): 

end: 
Halt(l): 

end: 
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OvrSetBuf(OvrMaxSize); 
if OvrResult o ovrOk ihen 
begin 
case OvrResult of 
ovrErron writeln ('Overlay manager error'): 
ovrNoMemory: writeln ("Not enough memory for extra overlay buffer size1); 

end: 
write {'OvrResult =', OvrResull,'. Press <enter> to continue..."): 
readln; 

end; 
end; ( procedure initialize_overlay } 

end. ( unit init_ovr J 

23 tpsinit.pas 

{tps_iniLpas ) 

{ contents: ) 

( procedure initialize_ips_program ) 
{ initializes everything (except for overlay manager) ) 

unit tps_init: 

{SO+} 
{SF+J 

interface 

usestps_glob,tps_uti!,tpsparam,rps_lld,tps_dcc.insgrdn',grafutil,!ps_mm,CRT,DOS: 

procedure inilialize_tps_program; 

implementation 

procedure iniiialize_tps_program; 
const 

all = 8; 
upper = 9; 
lower = 10; 

var 
y, axis: integer, 

begin 
setcbreak (TRUE): 
experiment_rype:- tps: 
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wedge_l_c*>annd := 0: 
strip_l_channel := 1: 
z_l_channel := 2; 
TAC_channel :=3; 
wedge_2_channel := 0; 
slrip_2_channel := 1; 
z_2_channel := 2; 

InsiallScreenGraphicsDriver: 

GraphicsOn := FALSE; 

window (1,1,80,24); clrscr. 

fuILparameterJisting._ FALSE; 
lisi_gate_settings := FALSE; 
initiaLread : = TRUE; 
if noi read_sct_up then 

begin 
wiih tps_sip do 

begin 
TAC_deIay := 250; 
blocking_sirip_full_widih := 4; 
Ortcc_ADC_channel [wedge_IJ := I; 
Onec_ADC ..channel [suip_l] ;= 2; 
Ortcc_ADC_channel [z_ 1J := 3; 
Ortec_ADC_channcI [TAC] := 4; 
Ortcc_ADC_channel [wedgc_2] := 5; 
Ortec_ADC_channel [sirip_2] := 6; 
Onec_ADC_channel [z_2] :="/; 
Ud_seuing [wedge_U ;= 500; 
!ld_selting [strip_IJ := 500; 
lld_seltinB [z_l] := 500; 
Ud_seuing [TAC] := 500; 
Ud_sctting [wedge_2] := 500; 
lld_seuing [slrip_2] := 500; 
lidjscuing [z_2] ;= 500; 
dmc_setling [wedge_l] := 1; 
dmc_seuing fstrip_ IJ := I; 
dmc_seiiing [z_l] := 1: 
dmc_sctting [TAC] := 1; 
dmc_scuing [»edgc_2] := !: 
dmc_setling (Stfip_2j := 1; 
dmc_setting [z_2] := 1; 
dac_scuing[v.».dge_l] :=0; 
dac_seiting [sirip_l] := 0; 
dac_seuing [wedge_2J := 0: 
dac.seuing (sirip_2) ;= 0; 
ctf_seuing [upper_af. ws] := 0; 
ctf_scuing (upper_ctf, wz] := 0; 
ctf_seuing (uppcr_ctf. sz] := 0; 
ctf_seuing [iower_ctf, ws) := 0: 
cif_scuing flower_cif. «ra] := 0; 
cif_sening [lowerjrtt. sz] ;= 0; 



end: 
show_mm_parajneters: 
y := wherey; 
window (l ,y, SO, 24); 
clrscr, 
get_TAC_delay; 
gei_blocking_strip_fuIl_width; 
get_Onec_ADC .channels; 
getjower_level_discriminaior_seuings (tps_stp.lld_setting, 'A'); 
get_detector_muluplier_constant_seuings(tps_stp.dmc_setting, 

tps stp.dac_setting, 
'A1); 

write_set_up; 
end; 

in«ial_read := FALSE; 

clrscr; 

temp_data_ path := 'e:\temp'; 
tps_data_palh := 'c:\Iurbo\frbmViyn,,• 

rps_accumulate_mode := TRUE; 
tps_shot_number := 1O0O0O; 
tps_refresh_Iimit := 201; 
df_display_lower_discriminator := 1; 

df_radius := 20000; 
df_plot_max := 15; 
df_plot_min := 0; 

set_up_Ortec_ADCs(lps_stp.Ild_sctting); 

main_menu; 

end; { procedure iniiialize_tps_program } 

end. ( unit tps_init) 

2.4 tps_mm.pas 

{tps_mm.pas ) 

(contents: ) 

( procedure main_mcnu ) 
| menu of things to do before and after dynamics experiment ) 

, . . » „ „ . , „ . . „ „ « . . , „ , „ . , . . . „ „ „ . « „ « . , „ , . « „ „ . . „ , . , „ „ . . . . . , 

unit tps_mm; 
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interface 

usesips_glob,ips_util,ipspa!aiii,tps_iadc.lps_e!(p.tpsJl(l,CRT; 

procedure main_menu: 

implementation 

procedure main_menu; 
var 
ch: char, 
y : integer; 

begin ( procedure main_menu J 
show_mm_paramcters; 
repeal 

window (1,1,36,24); 
cirscr; textcolor (15); 
writeln; 
wriieln; 
writeln ('E: Set Experimental Parameters'); 
writeln; 
writeln CR: Read Ortcc ADCs'); 
writeln ( T : Test Detector Spatial Response'); 
writeln; 
writeln; 
writeln ('Q . Quit Dynamics Menu'); 
writeln; 
writelnC '); 
writeln; y := whercy; wxtcolor (14); 
repeat 
window (1, y, 80,24); clrscr; 
write ('? >'); ch := Readkey; ch := upcase(ch); writeln (ch); 
writeln; 

until ch in fE', TV, T , 'Q']; 
case ch of 

TE': begin 
tps_experimemal_parameters: 
show_mm_paramcters; 

end; 
'R': begin 

read_adc; 
show_mm_parameiers; 

end: 
T : begin 

rps_mcnu; 
showjnmjararoctcrs: 

end; 
end; ( case ch ] 

until (ch = "<}•)-. 
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jfaotajkjbr_bootan 
CAie you sure you want 10 quit DYN menu? [Y/N):") then 

begin 
nuin_menu; 

end; 
window (1,1.80.24); lexicolor (15); clrscr; 

end; {procedure main.menu ) 

end. { unit tps_mm ) 

2.5 tps_glob.pas 

(tps_glob.pas 
this unit contains all global variables neccessary for tps.pas J 

unit tps_glob; 

(SO+) 
(SF+) 

f ft*******************!**********:****************:**:***:****:**************:*** 1 

interface 

uses graphadd; 

const 

{type of experiment in progress ) 

tps = 0; 
dsr = 4; 

counts = 0; 

wedge_l : integer=I; 
strip_l : integer = 2; 
z_l : integer = 3; 
TAC : integer = 4; 
wedge_2 : integer = 5; 
strip_2 : integer = 6: 
z_2 : integer = 7; 

ws= 1; 
wz = 2; 
sw = 3; 
sz = 4; 
zw = 5; 
zs = 6: 
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falUJetectcr : integer = 8; 
upper_detector_sernicircle: integer = 9: 
IoweT_deiecior_semicircle: integer = 10: 

upper_ctf: integer = 8; 
lower_ctf: integer =9; 

upper = 0: 
lower = 1; 

wl_col = 1; 
sl_col= 2; 
zl_col = 3; 
TAC_col=4; 
w2_col = 5; 
s2_coI = 6: 
z2_coi = 7; 

rd_size_limit = 4600; 

tps_set_up_filc_name = 'rps_set.up'; 

{ CAMAC crate stations for various electronics ) 
Ortec_ADC_l : integer= 10; { CAMAC crate station of Ortec AD413 ADC ] 
Ortec_ADC_2: integers 13; ( CAMAC crate station of Ortec AD413 ADC ] 

[ CAMAC address for for module specific insiructions ) 
module : integer = 0; 

{ descriptive constants for CAMAC function calls ) 
read_channcl : integer = 0; ( CAMAC F0 ) 
read_control_register : integer = 0; f CAMAC F0 f 
readjld_setting : integer = 1; [ CAMAC Fl ) 
read_ADC_conversion : integer = 2: ( CAMAC F2 ] 
test.LAM : integer = 8; [ CAMAC F8 ) 
write_conurol_register: integer = 16; ( CAMAC F16 ) 
write_lld_sctting : integer = 17; ( CAMAC F17 ) 

dataway_z : integers 1; ( CAMAC Initialize ) 
dataway_c : integer = 2; ( CAMAC Clear ] 
dataway_i : integer = 4; { CAMAC Inhibit J 

CRIACL : integer = 64; ( Clear Request Inhibit 
& ACL detection registers ) 

( Ortec control register locations ] 
control_fegister_l_locaBon : integer = 0: 
control_register_2_location : integers 1; 

{ Ortec control register settings ) 
( control register 1 ) 
control_register_l_Onec_l : integer = -3328: 
control_rcgistcr_l_Ortec_2 : integer =-3327; 
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( • control repster 1 trie bits have the following functions: 
bitslJS: Virtual Station Number: set toO and 1 respectively for 

each ADC 
(Ortec #1 value :0,Onec #2 value: 1) 

bit 9 : Zero Suppression Enable: set to 1 for sequential or 
random access) 
(value: 256) 

bit 10 : ECL Port Enable: set to 1 to enable CAMAC readout 
(value: 512) 

bit 11 : Not Used 
bit 12 : Not Used 
bit 13 : Coincidence/Singles Mode: set to 1 for singles mode 

(value: 4096) 
bit 14 : CAMAC Random Access Enable: set to 1 for addressed 

readout 
(value: 8192) 

bit 15 : CAMAC LAM Enable: set to 1 so LAM is asserted when data 
is ready to be read out on the CAMAC port 
(value: 16384) 

bit 16 : Overflow-Suppression Enable: set to 1 so all pulses above 
the upper level discriminator are reported with a value 
between 8064 and 8191 
(value: makes the integer value negative if set to 1) 

total integer value (excluding VSN): -21248 ) 

PathToGraphics: string = 'c:\lurbo\graphics'; 

type 
string_255 = string[255]; 
string_80 = string[80]; 
string_8 = string[8]; 
string_2 = string[2]; 

lps_int_column_array = array [1..7] of integer: 
swd_int_column_array = array [1..7,0..1] of integer, 
dcc_reaI_column_array = array [1..7] of real: 
ctf_reai_coIumn_array = array [8..9,1..6] of real; 

tps_raw_data_pointer = Atps_raw_data_array; 
tps_raw_data_array = array [l..rd_size_limit, wl_col..z2_coI] of integer, 

tps_energy_and_angle_pointer = Atps_energy_and_anglc_array; 
tps_energy_and_angle_array = array [0..325,0..9,0..9] of word; 

tps_df_data_pointer = Atps_df_data_array; 
tps_df_data_anay = array (-120..119, -120.. 119) of byte; 

tps_set_up = record 
blockin&^strip.fulLw'dtli: real; 
TACjdelay: real; 
z_scale_factor: real: 
Onec_ADC_channel: tps_int_column_array; 
gate_ADCs: boolean: 
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IM.semnf: tp»_im_coluniii^inay: 
swd_setting: snwJ_int_colurnn_anay; 
dmc_seuing: dcc_rea!_column_array: 
dac_seuing: dcc_real_column_anay: 
ctf_seuing: ctf_real_column_array, 

end; ( record rps_set_up ] 

var 

D, Q, X : integer, 

wedge_l_channel : integer, 
suip_l_channe! : integer 
z_l_channel : integer, 
TAC_channel : integen 
wedge_2_channel : integer, 
strip_2_channel : integer; 
z_2_channel : integer. 

( control register 2 } 
control_fegister_2: integer, 

(in control register 2 of both ADCs bits 1..5 are enable/disable (0/1) 
gate 1...master gate respecuvely. Therefore useful settings for us are 
S1F (disable all gales) and 
S10 (disable master gate, enable individual gates ) 

Year, Month, Day, DayofWeek, Hour, Minute, Second, SecIOO : word; 

tps_data_path: string; 
temp_data_path; string; 

experimem_type: integer; 
detector_eiemcnt: integer; 

tps_stp: tps_sct_up; 

tps_df_daia: tps_df_data_pointer; 
tps..energy_and_angle_data: tps_energy_and_angle_pointer; 

file_name: string_80; 
upper_file_name: string_80; 
lower_file_name; string_80; 
comp_fiIe_name; string_80; 
data_file_namc: string_80; 
log_file_name: string_80; 
data_file: text; 
log_file: text: 

initial_read: boolean; 
upper_lcft_comerjr: integer. 
full_parameter_listing: boolean: 
list_gatc_settings; boolean; 

393 



Twjtaaimixmor: swd_im_co(umn_array; 

df.min. df_max: word; 
df_plotjnin, df_pIot_max: word; 
(ps_jccumubi£_mod£: boolean; 
tps_shot_number: loagini; 
tps_dau_coum: longint: 
(ps_refresh_count: word; 
ips_refrcsh_limit: word; 
tps_data_read_cycles: longint; 
rec_data_read_cycles: word; 
zero_daia_couni, low_data_count: longint; 
high_data_count, overflow_count: longint; 
outside_active_area_count, non_coincidence_count: longmt; 
rec_zero_daia_coum, recJow_daia_count: word; 
rec_high_data_count, rec_overflow_count: word; 
rec_outside_active_arca_coum, rec_non_coincidence_count: word; 
df_radius, df_display_lower_discriminator: integer: 

IOErrorCode: integer, 
active_directory: string; 
bin_data_file: file; 
int_data_file: file of integer, 
text_data_file: text; 

h, m, s, slOO : word; 
initial_start_time, stan_time; real; 
count_time, total_count_time: real; 
totai_ejtp_time: word; 
count_rate, average_count_rate: real; 

GraphDriver: integer, ( The Graphics device driver) 
GraphMode : integer; ( The Graphics mode value } 
ErrorCode : integer; [ Reports any graphics errors J 
MaxColor : word; { The maximum color value available ) 
OldExitProc : Pointer, { Saves exit procedure address) 
GraphicsOn : Boolean; { Saves staius of CRT mode (graphics or text)) 
HP7470PIotter: integer, 
PostScriptLaserWriterFile: integer; 
status: word; 
magic: "byte; 
wordptr: *word; 
hold; byte; 

implementation 

end, { unit tps_glob } 
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2.6 tpsutil.pis 

ips.util.pas ! 

contents: ) 

i. math ) 
function int.power (base: real: ) 

power: integer): real ) 
raises any real 1>asc' to positive integer 'power1 ) 

ii. user input ) 

ii.a. yes/no ) 
function ask_for_boolean (prompt: string_80): boolean 

user must answer yes/no question, 'prompt' } 

ii.b. continue/quit ] 
function ask_conu'nue: boolean ) 

user must hit <enter> to continue or Esc to quit ) 

ii.e. numbers ) 
these functions convert strings to numbers and ignore inappropriate 
characters — beware of misinterpretation of invalid input ) 
true if user enters 'response' between 'min' and 'max' or ) 

'<' which sets 'response' to 'min' or ) 
V which sets 'response' to 'max' ) 

false if user just presses 'enter'; 'response' is unchanged ] 
'prompt' is repeated if user enters something else ) 

function ask_for_integer (var response : integer; ) 
prompt: string_80; J 
min, max : integer): boolean ] 

function ask_for_real (var response: real; ) 
prompt: string_80; ) 
min, max ; integer): boolean } 

ii.d. wavelength to wavenumber conversion and vise-versa 

function wl2wn (wl: real): real; ) 

function wn2wl (wn : real): real; ] 

ii.e. file names ) 

function exist (file_name; string_80): boolean ) 
true if file called Ttle_name' is present on disk J 

function lega!_name (filc_namc: string_80): boolean ) 
true if file name 'file_name' is a legal one ) 
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{procedure get_out_fUe_nime (var file_name: soing_80; ) 
{ var overwrite: boolean ) 
{ var got_good_oui_file_name: boolean ) 
( true if user enters a new 'file_name' or wants to overwrite an ] 
( existing file; if overwrite, sets overwrite to TRUE ] 

{ function get_in_file_name (var file_name: string_80: ) 
[ prompt: string_80): boolean ) 
{ true if user entered 'file_name' of an existing file j 

{iii. save and read data } 

( procedure save_data (experiment_type: integer); ) 
[ save data to individual'.dai' file, append scan parameter info } 
( to one 'date.Iog' file per day ) 

( i v . miscellaneous j 

(procedure reserved; J 
( displays message: 'reserved for future development' ) 
( ) 
(function real_convert (var a: integer_24): real; ) 
( converts DSP output to a real number ) 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

unit tps_util; 

{SO} 
(SF+) 

interface 

uses tps_glob,codes,DOS,CRT; 

function tau_power (base: real; power: integer): real; 
function ask_for_boolean (prompt: string_80): boolean; 
function ask_continue: boolean; 
function ask_for_byte (var response: byte; prompt: string_80; 

min, max: byte): boolean; 
function ask_for_integer (var response: integer; prompt: siring_80; 

min, max : integer): boolean; 
function ask_for_long_integer (var response: longinc prompt: string_80; 

min, max : longint): boolean; 
function ask_for_reaI (var response: real; prompt: string_80; 

min, max : real): boolean: 
function wl2wn (wl: real): real; 
function wn2wl (wn: real): real; 
function I2S (Val, Digit: Integer): String: 
function W2S (Val, Digit: Word): String; 
function R2S (Val: real; Digit, Decimal: Integer): Suing; 
function exist (file_name: string_80): boolean; 
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function lepl_name (file.rume: stringJSO): boolean; 
procedure get_out_file_nime (var flle_name: string_80; var overwrite: boolean; 

experiment_iype: integer: 
var got_good_out_file_name: boolean): 

function get_in_file_name (var filename: stringJSO): boolean; 
procedure form_date_and_time_strings (var daie_string : siring; 

var time_string: strings-
procedure dock_on (var start.clcck: real); 
function elapsed_time (start_clock: real): real; 
procedure save_data_file; 
procedure read_data_file; 
function compress (file_name: string_80): boolean; 
function uncompress (comp_file_name: string_80): boolean; 
procedure reserved; 

implememation 

function int_power (base : real; 
power: integer): real; 

begin { function int_power ) 
if (power = 0) then 

int_power:= 1.0 
else 

int_power ;= base * int_power (base, (power -1)); 
end; ( function int_power) 

function ask_for_boolean (prompt: stringJSO): boolean; 
vai 
ch: char; 

begin ( function ask_for_boolean ) 
ch := ' ' ; 
repeat 

write (prompt); ch := ReadKcy; ch := upcase (ch); writeln (ch); 
if ((ch <> 'Y') and (ch <> 'N1)) then 
writeln (Please type "Y" or "N"'); 

until ((ch = T ) or (ch = 'N')); 
ask_for_boolean := (ch = 'Y'); 

end: ( function ask_for_booiean ) 

function ask_continue; boolean: 
var 
ch: char, 

begin ( function ask_continue ) 
repeat 

writcln: 
write CHit <cnter> to continue or Esc to quit: •); 
ch := readkcy; ch := upcase (ch): write (ch): 
if ch = ESC then ask_continue := false: 
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if ch = #13 then ask.contioue := cue: 
until «ch = ESQ or (ch = #13)): 

end: { function ask.continue ) 

[ „ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

function ask_for_byte (var response: byte: 
prompt: string_80: 
min, max: byte): boolean: 

var 
answer, i : byte; 
code: integer, 
input.string: string[8]; 

begin ( function ask_for_byte ) 
answer := 0: 
code:=l; 
repeat 

write (prompt); readln (input_string); 
if (input_siring =") then 
begin 
ask_for_byte := FALSE; 
exit; 

end; 
if (input_string = '<') then 
begin 
ask_for_byte := TRUE; 
response := min; 
exit; 

end; 
if (input_slring = '>') Uien 
begin 
ask_for_bytc := TRUE; 
response := max; 
exit; 

end: 
i : = l ; 
repeat 
if not (input_string [i] in ['O'..'9'D then 

delete (input_string, i, 1) 
else 

i : = i + l ; 
until (i = (length (inpul_string) + 1)); 
val (input_string, answer, code): 

until ((input_string <>") and (answer >= min) and (answer <= max) and 
(code = 0)); 

ask_for_byte := TRU2: 
response := answer 

end; (funcuon ask_for_byte ) 

r v . . . * . * . * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . * . . * . . * . . . 

funcuon ask_for_integer (var response: integer, 
prompt: string_80; 
min, max : integer): boolean; 
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var 
answer, code, i: integer: 
input_siring: string[8]: 

begin { function ask_for_iniegcr) 
answer := 0: 
code:= 1: 
repeat 

write (prompt); readln (input_suing): 
if (inpui_string = ") then 
begin 

ask_for_integer := FALSE: 
exit; 

end; 
if (input_string = '<') then 
begin 
ask_for_integer := TRUE; 
response := min; 
exit; 

end; 
if (inpul_siring = '>') then 

begin 
ask_for_integer := TRUE; 
response := max; 
exit; 

end; 
i : = l ; 
repeat 

if not (input_string [i] in ['0'..'9']) then 
delete (input_string, i, 1) 

else 
i : = i + l ; 

until (i = (length (input_stiing) + 1)); 
val (input_sirijig, answer, code); 

until ((inpul_string <> ") and (answer >= min) and (answer <= max) and 
(code = 0)); 

ask_for_integer := TRUE; 
response := answer, 

end; { function ask_for_intcger ) 

r g i f i * * ^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * : * * * * * * * * * : * * * * : * * * * * * * * * * ] ! ! * * * * * * * * * * 

function ask_for_long_integer (var response: longint: 
prompt: string_80; 
min, max ; longini): boolean; 

var 
answer: longint; 
code, i : integer; 
input_string: string[8]; 

begin ( function ask_for_long_integer | 
answer := 0; 
code := 1; 
repeat 

write (prompt): rcadln (input_string); 
if (input_string = ') then 
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begin 
ask_forJong_integcr := FALSE: 
exit 

end; 
if (input_string = '<") then 
begin 
ask_for_long_inieger := TRUE; 
response := min: 
exit: 

end; 
if (inpul_string = V) then 
begin 
ask_for_Iong_integer := TRUE; 
response := max; 
exit; 

end; 
i : = l ; 
repeat 

if not (input_string [i] in ['0'..'9']) then 
delete (input_string, i, 1) 

else 
i s i + 1; 

until (i = (length (input_string) + 1)); 
val (input_string, answer, code); 

until ((input_string o ") and (answer >= min) and (answer <= max) and 
(code = 0)); 

ask_for_long_integer := TRUE; 
response := answer, 

end; ( function ask_for_long_integcr) 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

function ask_for_real (var response : real: 
prompt: string_80; 
min, max : real): boolean; 

var 
answer: real; 
code, i : integer, 
input_string: suing[10]; 

begin ( function ask_for_rcal ] 
answer := 0.0; 
code:- 1: 
repeat 

write (prompt); readln (inpui_string); 
if (input_string =") then 
begin 
ask_for_real := FALSE; 
exit; 

end: 
if (input_string = '<') then 
begin 
ask_for_rcal := TRUE: 
response := min; 
exit 
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end: 
if (input_string = '>") then 

begin 
askjbrjeal := TRUE: 
response := max; 
exit: 

end: 
i:= 1: 
repeat 

if not (input.string [i] in ['0'..'9'.'.', 'e , "E,'-','+']) then 
delete (input.string, i. 1) 

else 
i : = i + I; 

until (i = (length (input_string) + 1)): 
val (input_string, answer, code); 

until ((input_string o ") and (answer >= min) and (answer <= max) and 
(code = 0)); 

ask_for_rcal := TRUE; 
response := answer; 

end; { function ask_for_real) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » » » * * » * * * « » • ! ! * « * * * * « * « • » * * « • * * • * * * * « 1 

function wl2wn (wl: real): real; 
begin 
wl2wn:= (10000000/wl); 
end; 

r ******#**********************»******%***********%**************%*** j 

function wn2wl (wn : real): real; 
begin 
wn2wl := (10000000 / wn); 
end; 

function I2S (Val, Digit: Integer); String; 
var 
buffer: string; 

begin 
str(Val:Digit, Buffer); 
I2S:= Buffer; 

end; 

function W2S (Val. Digit: Word): String: 
var 
buffer: siring; 

begin 
str (Val.Digii. Buffer): 
W2S := Buffer, 

end: 
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r *«« •» • * * * *« • * * * *» * * * * • » w w « « w i > w » » w t i > m » w « » » « M « M w « « * « 

ftmciion R2S (Val: real: Digiu Decimal: Integer): String; 
var 
buffer: string; 

begin 
str(Val:Digit:Decimal, Buffer); 
R2S:= Buffer; 

end; 

r * • * * * * * * * * % * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » * * * * • * * * * * * * * * % * * * * * 
function exist (file_name: stringJSO) : boolean; 
vz; 

test_file: file, 
begin ( function exist) 
•"•sign (test_file, file_name); 
(SI-} 
reset (testJUc): 
close (test_ 'e); 
(SI+) 
exist := (IOresult = 0); 

end; ( function exist) 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

function legal_name (file_name : string_80): boolean; 
var 
test_file: file: 

begin ( function legal_name 1 
assign (fest_file, file_name); 
(SI-) 
rewrite (test file); 
{SI+} 
legal_name := (IOresull = 0); 
close (test_file); 

end; { function legal_name ) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * : f e * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

procedure g".t_out_fiIe_name (var filc_name: string_80; 
var overwrite : boolean; expcriment_type : integer; 
var got_good_oul_CUe_«ame: toolean)-, 

var 
upper_extension, lower_exiension, prompt: siring; 
i : integer; 

begin { function get_out_filc_name ) 
case experiment_type of 

tps: 
begin 
upper_extension := '.upp': 
lower_extension := '.low'; 
prompt := Output data file name? [No "xtension]:' 
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end: 
end: 
file_name := "; 
upper_file_name := ": 
lower_file_name 5= "; 
overwrite := FALSE: 
write (prompt); readln (file_name); 
if (file_name = ") then 
begin 

writeln; 
ifask_for_boolean 

CDo you really want to NOT save this file? [Y/N]:") then 
begin 
got_good_out_file_name := FALSE: 
exit; 

end 
else 

begin 
get_out_file_name (file_name, overwrite, experiment_type, 

got_good_out_fiIe_name); 
end: 

end: 
if pos ('.', file_name) = 0 then 

begin 
upper_file_namc := upper_file_name + upper_extension; 
lower_file_name := lower_file_name + lower_extension; 

end 
else 

begin 
writeln Of said, no extension!!!'); 
get_out_file_name (file_name, overwrite, experimem_type, 

got_good_out_file_name); 
end: 

if exist (upper_fi!e_name) then 
begin 

writcln; writeln; write C '); 
if ask_for_boolean ("Overwrite'+ upper. file_name +'? [Y/N]: 1 then 
begin 

overwrite := TRUE; 
end 

else 
begin 

writeln; 
get_ou:_.file_name (file_name, overwrite, experimeni_type, 

got_good_out_file_name): 
end: 

end 
else if exist (lower_fite_name) then 

begin 
wriicln; wriieln; write C '); 
if ask_for_boolean ('Overwrite'+ lower_filc_name +"? [Y/N]:") then 
begin 

overwrite := TRUE; 
end 
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ete 
bejin 
wriieln: 
(et_out_file_name (file_name, overwriie. experimem_tvpe. 

goi_good_out_file_name); 
end: 

end 
else if not legal_name (upper_file_name) ihen 

begin 
wrileln ("Not a legal name for a file!'); 
get_oui_file_name (file_name, overwriie, experimeni_type, 

goi_good_oui_fi!e_name): 
end 

else if not Iegal_name (Iower_file_name) then 
begin 
wrileln fNoi a legal name for a file!'): 
get_out_fiIe_namc (fiJe_name, overwriie, experinjent_type, 

got_good_out_file_name); 
end 

else 
got_good_out_file_name := TRUE; 

end: ( function get_out_file_narne J 

[ **»«******«******Xf«n**%: | i»x****«*»: ! l i«*«! l ix*! t i****V*»«*«***» 

funciion get_in_file_name (var file_name: string_80): boolean; 
var 
extension, prompt: siring: 
i : integer: 

begin ( function get_in_file_name ) 
get_in_file_name := FALSE; 
case experimem_type of 

tps. 
begin 

extension :="; 
chdir (tps_data_path); 
prompt := 'Enter file name to retrieve [No extension):' 

end: 
end: 
file_name :="; 
write (prompt); readln (file_name): 
if pos ('.', file_name) o 0 then 
begin 

exit; 
end: 

if (file_name = extension) then 
begin 
exit; 

end 
else if not exisi (file_name) Ihen 

begin 
wrileln (file_name +' docs not exist.'): 
get_jn_file^namc := get_in_file_name (file_namc): 
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end 
dse 
tet_in_file_naine := TRUE; 

end: { function gei_in_file_iume ) 

,...»...».......„...........„..,......«...«....,,.»»............„ 
procedure form_date_and_tnne_strings (vardate.string, time_string: sning); 
var 

Yearstr, Monthsir, Daysir, Hourstr, Minstr, Secsir: string; 
begin 
GetTime (Hour, Minute, Second, SeclOO); 
time_string := "; 
Hourstr := I2S (Hour.O); 
if length (Hourstr) = 1 then 

begin 
Hourstr := '0' + Hourstr. 

end; 
Minstr := I2S (Minute.O); 
if length (Mmstr) = 1 then 

begin 
Minstr := '0' + Minstr, 

end: 
Secstr := I2S (Second.O); 
if length (Secstr) = 1 then 

begin 
Secstr := '0' + Secstr, 

end; 
time_string ;= Hourstr +':' + Minstr + ':' + Secstr, 

GetDate (Year, Month, Day, DayofWeek); 
date_string :="; 
Yearstr := I2S (Year.O); 
delete (Yearstr,l,2); 
Monthstr := I2S (Monlh.O); 
if length (Monthstr) = 1 then 
begin 

Monthstr := '0' + Monthstr: 
end; 

Daystr := 12S (Day.O); 
if length (Daystr) = 1 then 
begin 

Daystr := '0' + Daystr. 
end; 

date_string := Yearstr + Monthstr + Daystr. 
end; 

procedure clock_on (var start_clock : real); 
begin { procedure dock_on ) 
GetTime (h, m, s. slOO): 
stan_clock := h " 3600 •*- m " 60 • s + slOO /100; 

end; { procedure clock_on ) 
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function elapsed.time (stan_dock: real): real: 
begin {function elapscd_time } 
GetTime (h, m, s, slOO); 
elapjed.time:s (h * 3600 + m*60 + s + sl00/100)- stan.dock; 

end; ( function elapsed_time) 

procedure save_data_file; 
vai 

i, j , k, drive, remainder: integer; 
DiskDriveFreeMemory: longinu 
overwrite, goi_good_out_file_name: boolean; 
active_directory, data_path, extension: string; 
Yearstr, Monthstr, Daystr, Hourstr, Minstr, Secsir: string; 
ms_time: real; 

begin {procedure save_data } 

window (1,1, 80,24); 
clrscn 
GoToXY(l,8); 

getdir (0, active„directory); 
case experiment_type of 

tps: 
begin 

(SI-) 
chdir <tps_data_path); 
lOErrorCode := IOResulu 
if lOErrorCode <> 0 then 
begin 
writeln ('[s RamDrive enabled in config.sys ?'); 
exit; 

end; 
{SI+} 

end; 
end; 

get_out_file_name (daiajilejiame, overwrite, expcriment_type, 
got_good_out_ftle_name); 

if not got_good_out_filc_name then 
begin 
chdir (active_directory); 
exit; 

end; 

assign (daia_file, c:viurbo\frbm\ups\allupdaLtxt'): 
rename (daia_file. data_file_name + '.upp'); 
assign (data_file, 'c:\iurbo\irbm\ups\alllwdat.ixt'): 
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rename (drajile, dia_file_name + Mow"): 

end; (procedure save_data ) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

procedure read_daia_file; 
var 

i, j , k, remainder: integer; 
normal.zed_detached_electron_signal: real: 
normaIized_laser_power: real: 
acuve_direciory: string; 

begin ( procedure rcad_data_file ) 
geidir (0, active_directory); 
window (1,1,80,24); 
clrscr, 
GoToXY (1,8): 
writeln ('WARNING : This action will overwrite current data in RAM.'); 
writeln; 
writeln ('If you have not done so already, save the', 

'current data after exiting now.'); 
writeln; 
if not ask_continue then 
begin 

exit; 
end; 

writeln; writcln; 
if not get_in_file_name (data_file_namc) then 

begin 
chdir (active_dircctory); 
exit; 

end; 

case experimem_type of 

tps: 
begin 

end; 
end; 

chdir (active_directory); 
end; ( procedure read_data_file ) 

function compress (file_name: string_80): boolean; 
var 
i, 1: integer; 
command_string: string_80; 

begin ( function compress ] 
I := length (file_name): 
daia_file_name := file_name: 
i := pos (7, fi!e_namc): 
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ifi>Othen 
begin 
delete (file.name. i. (I - i +1)): 

end: 
comp_fiIe_name := file_name + 'Jzh'; 

SwjpVeciors; 
comnund_string := "/c Ccomp.bat' + comp_file_name + " + data_file_name; 
ExecfcrVlosNcommandxom', command.string); 
SwipVectors: 
if DosEiror o 0 then 
begin 

TextColor(I4 +Blink); 
GraphicsOn := FALSE; 
GoToXY (10,12); 
writeln CDos Error # ' , DosError); 
write ("Hit <enter> to continue ...'); 
readln; 
compress := FALSE; 

end 
else 

begin 
GoToXY(UO); 
writeln CCompression of file', daca_file_name,' successful.'); 
delay (2000); 
compress := TRUE; 

end; 

end; [ function compress ] 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * K * * * * * * t x i * * * * * * * * * * * * * * * * * * * * 

procedure reserved; 
begin { procedure reserved ] 

writeln (This key is reserved'); 
writeln (Tor future development.'); 
delay (2000); 

end; ( procedure reserved ) 

l * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * M X * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

end. ( of unit tps_ulil 1 

2.7 codes.pas 

UNIT Codes: 

(SO+) 
(SF+) 

( This unit is simply a list of the ascii codes for the 
various editing and function keys. Any program 
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employing this unit cm use the constant designations in 
a rcadkey statement - I got sick of looking up the 
codes.- IMP.} 

INTERFACE 

CONST 
( Editing Key Codes J 

ESC = #27; 
RETURN = #13; 
UPARROW = #72; 
DOWNARROW = #80; 
LEFTARROW = #75; 
RIGHTARROW = #77; 
HOME = #71; 
PGUP = #73; 
ENDKEY = #79; 
PGDN = #81; 
INS =#82; 
DEL = #83; 

{ Function Key Codes ) 

Fl = #59 
F2 = #60 
F3 = #61 
F4 = #62 
F5 = #63 
F6 = #64 
F7 = #65 
F8 = #66 
F9 = #67 
F10 = #68 
ALTF1 =#104; 
ALTF2 =#105; 
ALTF3 =#106; 
ALTF4 =#107; 
ALTF5 =#108; 
ALTF6 =#109; 
ALTF7 =#110; 
ALTF8 =#111; 
ALTF9 =#112; 
ALTF10 = #113; 

CTRLFI = #94; 
CTRLF2 = #95; 
CTRLF3 = #96; 
CTRLF4 = #97; 
CTRJLF5 = #98; 
CTRLF6 = #99; 
CTRLF7 = #100; 
CTRLF8 = #101; 
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CTWJ"9«#102; 
CTRLF10 = #103 
CTRLF11 = #137 
CTRLF12 = #138 

SHIFTF1 = #84; 
SHIFTF2 = #85; 
SHIFTF3 = #86; 
SHIFTF4 = #87; 
SHI1TF5 = #88; 
SHIFTF6 = #89; 
SHIFTF7 = #90; 
SHIFTF8 = #91; 
SHIFTF9 = #92; 
SHIFTFIO = #93; 

IMPLEMENTATION 

END. 

2.8 tpsparam.pas 

{tpsparam.pas I 

{contents: ) 

( procedure tps_experimental_parameiers ) 

f menu for changing experimental set_up parameters } 

{ procedure get_Ortec_ADC_channels ) 

( procedure get_lowerJeve!_discriminator_seuings ) 

{ function read_set_up: boolean ] 
{ initialize dynamics experimental set-up parameters from a file } 
{ procedure write_set_up ) 
{ write dynamics experimental sei_up parameters to a file ) 

( procedure show_mm_parameiers ) 
( display experimental set_up parameters on right hand side of screen ) 

i * * * * * * % « « * * * * * « « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

unit tpsparam; 

(SO) 
(SF+) 

interface 
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uses tpsjlob.tpi_clilflBjld4ps_swd.DOS.CRT; 

procedure show_mn_parameters; 
procedure get_Mcckmg__trip_full_width: 
procedure gei_TAC_dclay; 
procedure get_Onec_ADC_ch_nneIs: 
procedure get_gatt_ADCs: 
function read_set_up: boolean: 
procedure wriie_sei_up; 
procedure tps_experimaii_l_parameiers; 

implementation 

procedure show_mm_parameiers: 
var 

wind_y: integer, 
begin {procedure show_mm_parameters J 

wind_y := Hi(WindMin) + 1; 
window (37,1,80,24); 
clrscr, textcolor (11); 
with tps_stp do 

begin 
wriie {' Blocking Strip Full Width : ' ) ; 
writeln (blocking_strip_full_width: 10:2); 
write (' TAC Delay:'); 
writeln (TAC_delay:9:l); 
write (' Scale Factor for Z Data : ' ) ; 
writeln (z_scale_factor:10:2); 
write (' Gate Ortec ADCs : ' ) ; 
if tps_stp.gate_ADCs then 

begin 
wrileln (' YES') 

end 
else 

begin 
writeJn (' NO'); 

end; 
write (' Upper Wedge Channel:'); 
writeln (Ortec_ADC_channel [wedge_l]:7); 
write (' Upper Strip Channel:'); 
writeln (Ortec_ADC_channcl [strip_l ]:7); 
write (' Upper Z Channel:'); 
writcln (Onec_ADC_channel [z_lj:7); 
write (' TAC Channel: J, 
wTiteln (Ortec_ADC_channcl [TAC]:7); 
write (' Lower Wedge Channel:'); 
writeln (Ortec_ADC_channel [wedge_2]:7); 
write (' Lower Strip Channel:'); 

. writcln (Onec_ADC_channel [strip_2]:7); 
write 0 Lower Z Channel:'): 
wrileln (Oriec_ADC_channel [z_2]:7); 

end; 
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wMow (1. wkxLy. 80, w W j +1): 
wocolor(M); 

end: {procedure show_tnm_pirameters ] 

procedure jet_blocldng_strip_fulLwk!lh: 
befin (procedure gct_btoctinj_srrip_full_width j 
if askjbr_real (tps_srp.bkxkingi_strip_full_width, 

blocking Strip Full Width [mm]:' , 0,10) then 
show_tnm_parameters; 

end; { procedure bIocking_strip_fulI_width ) 

procedure get_TAC_delay; 
begin { procedure get_TAC_delay ) 
if ask_for_real (tps_stp.TAC_delay, TAC Delay [ns]: ' , 0,1000) then 

show_mm_parameters; 
end; t procedure TAC_delay ) 

procedure get_z_scaleJactor, 
begin [ procedure get_z_scale_factor ] 
writeln (' Z Data Scaling Factor;', tps_stp.z_scale_faclor:3:2); 
if ask_for_real (tps_stp.z_scale_factor, 'New Z Data Scaling Factor:', 

-10,10) then 
show_mm_parameters; 

end; { procedure get_z_scale_factor) 

r ************************************************************************ , 

procedure get_Ortec_ADC_channels; 
var 
y : integer, 

begin (procedure got_Onec_ADC_channels) 
y := wherey + Hi(WindMin); 
window (1 , y, 80, (y + 1)); 
writeln (' Upper Wedge Signal in Ortec ADC Channel:', 

rps_stp.Ortec_ADC_channe! [wedge_l];I); 
if ask_for_imeger (tps_stp.Ortec_ADC_channcl [wedge_l], 

'New Upper Wedge Signal Onec ADC Channel:', 1, 7) then 
wedge_l_channel := (wedge_l -1) mod 4; 
show_mm_parameters; 

writeln (' Upper Strip Signal in Ortec ADC Channel:'. 
tps_stp.Ortec_ADC_channel [strip_lj:l); 

if ask_for_integer (tps_stp.Ortec_ADC_channel [strip_l ], 
'New Upper Strip Signal Ortec ADC Channel:', 1,7) dien 

strip_l_channel := (strip_l -1) mod 4; 
show_mm_parameters; 

wriieln C Upper Z Signal in Ortec ADC Channel:'. 
tps_stp.Ortec_ADC_channel [z_l]:I): 

if ask_for_inieger (ips_stp.Oricc_ADC_channel [z_l]. 
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' New Upper 2 Sipul Onec ADC Q i m e l : ' . 1,7) then 
z_l_<**nnel :x ( i_l - 1 ) mod 4; 
show.mmjarameiers; 

wriieln (' TAC Signal in Onec ADC Channel:'. 
tps_stp.Onec_ADC_channel [TAC]:1); 

if ask_for_integer (tps_sq).Onec_ADC_channel (TAC], 
New TAC Signal Onec ADC Channel:', 1,7) then 

TAC_channei := (TAC -1) mod 4; 
show_mm_parameters; 

writeln C Lower Wedge Signal in Onec ADC Channel:', 
rps_stp.0nec_ADC_channel [wedge_2]:l); 

if ask_for_integer (tps_stp.Onec_ADC_channel [wedge_2], 
'New Lower Wedge Signal Ortec ADC Channel:', 1,7) then 

wedge_2_channel := (wedge_2 -1) mod 4; 
show_mm_paranieters; 

writeln (' Lower Strip Signal in Ortec ADC Channel:', 
tps_stp.Onec_ADC_channe! rstrip_2]: 1); 

if ask_for_integer (tps_stp.Onec_ADC_channel [strip_2], 
"New Lower Strip Signal Ortec ADC Channel:', 1,7) then 

strip_2_ci.annel := (strip_2 -1) mod 4; 
show_mm_parameters; 

writcln (' Lower Z Signal in Ortec ADC Channel:', 
tps_stp.Onec_ADC_channel [z_2):l); 

if ask_for_integer (tps_stp.Onec_ADC_channcl [z_2], 
' New Lower Z Signal Ortec ADC Channel:', 1,7) then 

z_2_channel := (z_2 - 1) mod 4; 
show_mm_parameters; 

end ( procedure gei_Ortec_ADC_channels ); 

procedure get_gate_ADCs; 
begin ( procedure get_gate_ADCs) 
tps_stp.gate_ADCs := ask_for_boolcan ('Gale Onec ADCs ?:'); 
if ips_stp.gaie_ADCs then 

begin 
control_register_2 := S10; 

end 
else 

begin 
control_register_2 := S1F; 

end; 
show_mm_parametcrs; 

end (procedure gei_gate_ADCs ]; 

function read_set_up: boolean: 
var 

i, coupling: integer, 
shg, gating, ch : char: 

begin ( function read_sei_up ) 
if not initiaLread then 
begin 
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writetaC!!!! Are you sore yoo want oread old set op file? '.'.'.•.•.J. 
if not ask.continue then exit: 

end: 
if not exist (tps_sel_up_file_name) then 
bejin 

rcad_set_up := FALSE; 
exit; 

end; 
assign (data.filc, tps_set_up_file_nanie); 
reset (datajile); 
with tps_sip do 

begin 
rcadJn (datajile, bJocking_strip_full_wid[h); 
readln (datajile, TAC_delay); 
readln (daia_file, z_scale_factor); 
for detector_element := wedge_l to strip_2 do 

begin 
read (data_file, Ortec_ADC_channel [detector_elemcnt]); 

end; 
readln (data_file, Onec_ADC_channel [z_2]); 
readln (data_file, gating); 

if gating = T ihcn 
begin 
gate_ADCs := TRUE; 
control_register_2 := S10; 

end 
else 

begin 
gate_ADCs := FALSE; 
control_register_2 := S1F; 

end; 
for deiector_element := wedge_l to snip_2 do 

begin 
read (data_file, lld_setting [detector_element)): 

end; 
readln (dala_file, lld_setiing [z_2]); 
for detector_element := wedge_l to sirip_2 do 

begin 
read (data_file, swd_sctting [dciecior_elcmejit, upper]); 

end; 
readln (data_file, swd_setting [z_2, upper]); 
for detector_element := wedge_l to sirip_2 do 

begin 
read (data_file, swd_setung [dctector_element, lower]); 

end: 
readln (data_file, swd_setting [z_2, lower]); 
readln (daia_file. dmc_seuing [wedge_l]); 
readln (data_file, dmc_setu'ng [strip_I]); 
readln (data_file, dmc_setting [z_l]); 
readln (data_file, dnnc_seuing (TAC]); 
readln (data.file. dmc_setting [wedge_2]); 
readln (daia_file, dmc_seuing (strip_2J): 
rcadln (data_file, dmc_seuing (z_2]); 
rcadln (daia_file. dac_setting [wcdge_l]): 

414 



readln (dau.file. dac.s etling [strip.l ]); 
readln (data_file, dac.seuing [wedge_2]); 
readln (data.file, dac.setung [sirip_2]); 
for coupling := ws to zs do 

begin 
road (daiajile, ctf_setting [upper_ctf, coupling)): 

end: 
readin (datajile); 
for coupling := ws to zs do 

begin 
read (daia_file, ctf_st iting [lower_ctf, coupling]): 

end; 
readln (data_ftle); 

end; 
close (data_file); 
read_set_up := TRUE; 

end; ( function read_sct_i | 

t ****CK»:*S»r**!!rx4r**ar***» «»»3t4(^c*«3CVXK*V«************** W**^*W*(*****4<*iWK4tVKM 

procedure writc_set_up; 
var 
i, coupling: integer; 
shg, gating: char, 

begin ( procedure write_.se up ) 
assign (data_file, tps_set jp_file_narr.».>; 
rewrite (data_file): 
with tps_stp do 

begin 
writeln (data_fi!e, bloc ng_strip_full_width: 12:2); 
writcln (data_file, TAC_dcl »y: 11:1); 
writeln (data_file, z_scafc_l'actor: 12:2); 
for detector_element := wedge_l to sirip_2 do 

begin 
write (data_fi!e. One :_ADC_channcl [detcctor_elemeni]:9); 

end; 
writeln (data_file. Ortcc_ADC_channcl [z_2]:9); 
if gaie_ADCs = TRUE then 

begin 
gating := T ; 

end 
else 
begin 

gating := F : 
end: 

writeln (data_filc.' ', gating); 
for detcctor_elcment:- wedge_l to stnp_2 dc 

begin 
write (data_file, lid cuing [dciector_clcmeni):9): 

end; 
writcln (daia_filc. lid_ cuing [z_2]:9j: 
foi *iclCvio!_-.^injiu - >*C.JL; _l io sinp_C jo 

begin 
write <daa_file. s»d_semng !deEctor_clcment. upper]:9); 
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end: 
writeln (daujite, swd_seumg [z_2. upper]:9); 
for detecior_elemem — wedge_I10 nrip_2 do 

begin 
write (datajile. swd_sening [detector.elemem, lower]:9): 

end: 
writeln (data_file, swd_seiting [z_2. lowerl:9): 
wriieln (datajile, dmc_seuing [wedge_l]: 13:3): 
writeln (data.file, dmc_setling [strip_I J:13:3): 
writeln (datajile, dmc_sening jz_l]:13:3); 
writeln (data.nie. dmc.seuing [TAC]:13:3); 
wriieln (data_file, dmc_seuing fwedge_2]:I3:3); 
writeln (data_file, dmc.seuing [strip_2):13:3): 
writeln (datajile. dmc_setting [z_2]:13:3); 
wriieln (data_file, dac_setting (wedge_l]:13:3); 
writeln (data_file, dac_seuing [strip_l]:13:3): 
wriieln (data_file, dac_setting [wedge_2]:13:3): 
writeln (datajile, dac_setting [strip_2]:13:3); 
for coupling := ws to zs do 

begin 
write (data_file, offsetting [uppcr_ctf, coupling]: 13:3); 

end; 
writeln (data_file); 
for coupling := ws to zs do 

begin 
write (data_file, ctf.setting [lower_ctf. coupling]: 13:3); 

end; 
writeln (data_filc); 

end; 
close (data_file); 

end; ( procedure write_set_up ) 

***»«Mt****«MCW«**!*WiKifc**Nc«c*iK****rj|c*i|.KiWW**»ifiWX«>«**«r****»*WS*i|c4i*4c***v 

procedure tps_experimental_parameters; 
var 

ch: char, 
y: integer; 
minjambda, max_lambda: real; 
procedure show_mm_menu; 

begin ( procedure show_mm_menu ) 
window (1,1,36,24); 
clrscr, textcolor(15): 
writcln ('B : Blocking Strip Full Width'); 
writeln ( T : TAC Delay'); 
writcln C2: Change Z Data Scaling Factor); 
writeln CG : Gate Once ADC Channels'); 
writeln: 
writeln; 
writeln; 
wriieln ('C : Change Ortec ADC Channels'): 
writeln. 
writeln; 
writeln; 
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wruelnCL:SetCAMACLLDiJCriiriinaioO; 
wriieln ("S: Set Software DiscriminatcO: 
wriieln; 
writeln ("R: Read Sei-up from File-): 
wriieln fW: Write Current Set-up to File-); 
writeta: 
writeln CQ: Quit DDD Set-up Menu1); 
writeln; 
writeln C "); 
textcoIor(14); 
upper_left_corner_y := wherey; 

end; { procedure show_mm_menu ) 

begin ( procedure rps_experimemal_parameiers ) 
show_mm_menu; 
full_parameter_listing := TRUE; 
show_mm_parameiers; 
repeat 

window (1, upper_left_comer_y, 80,24); clrscr. 
write ('? > •); 
ch := Readkey; ch := upcase (ch); writeln (ch); writeln; 
case ch of 

'B': get_blocking_strip_full_widlh; 
T : get_TAC_delay; 
T : get_z_scaie_factor; 
'G': get_gate_ADCs; 
' C ; get_Onec_ADC_channels; 
f: begin 

Hd_menu; 
show_mm_.menu; 
show_mm_parameters; 

end; 
'S ' : begin 

swd_menu: 
show_mm_mena: 
show_mm_parameters; 

end; 
•R': begin 

if read_sct_up then 
show_mm_parameters; 

end; 
*W: wriu_set_up; 

end; ( case ch ) 
until (ch = 'Q'); 
full_parameter_listing := FALSE: 
show_mm_parameters; 

end; ( procedure tps_e*perimemai jarameters ) 

{ . . . , „ . . . „ „ , . , , . , . , . , . , . , . „ . . „ . - . . . . , . . , « . „ , . , . „ . . . , . . . . „ . , . . . . . ] 

end. { unit tpsparam ) 
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13 tpc_radc^ws 

{tps_.ndc.pis ) 

unit tps.radc; 

{SO+) 

{SF+J 

interface 

uses ips_gtob,ips_uul.codes.tpsparam,cpsJJd,DOS,CRT; 

procedure read_adc; 

implementation 

(SF-J 

[SI camturbo.v4) 

tSF+) 

procedure read_adc; 
var 
ch: char; 
w, y, i, Ql, Q2 : inieger. 
wedge_l_charge, strip_l_charge, z_l_charge: inieger; 
wedge_2_charge, strip_2_charge, z_2_charge: integer; 
TAC_votage: inieger, 
tps_delta_lambda, lambda, oldjambda: real; 

begin { procedure read_adc } 
show_mm_parameters; 
repeat 
window (1,1,3fc 24); 
clrscr, textcolor(!5); 
writeln; 
writeln CR : Read Once ADCs1); 
wriieln; 
writeln ('L : Set Lower Level Discriminator'); 
writeln: 
writeln: 
writeln; 
writeln; 
writeln ( Q : Quit'): 
wriieln; 
wrueln r "); writdn: 

418 

http://tps_.ndc.pis


texrohx<14): w — wherey. 
repeat 

window ( l .w , 80.24); drscr. 
write f ? > 1: ch := Readkey: ch := upcase (ch); writeln (ch); 
wriieln: 

until ch in fR'. V , 'Q']; 
case ch of 

•R': begin 
set_ap_Ortec_ADCs (tps_stp.lld_seuing): 
CAMCL (dataway.c); 
y := wherey: 
gotoxy(l.y); 
write (TESTING LAMs...'): 
repeat 
CAMI (Ortec_ADC_l, test_LAM, module. D, Ql, X); 
CAMI (Ortec_ADC_2, test_LAM, module, D, Q2.X); 
ifkeypressedihen 
ch := readkey; 
if ch = ESC then 
begin 

DclLine; 
exit: 

end; 
until (Ql = l) or (Q2=l) ; 
DelLine; 
gotoxy(l,y); 
write ('READING ADCs...'); 
CAMI (Ortec_ADC_l, rcad_^ uC_convcrsion, wedge_l_channel, 

wedj;c_l_charge, Q, X); 
CAMI (Ortec_ADC_l, read_ADC_conversion, strip_l_channel, 

strip_l_charge, Q, X); 
CAMI (Ortec_ADC_l, read_ADC_conversion, z_l_channel, 

z_l .charge, Q, X); 
z_I_charge := round (z_t_chargc * tps_stp.z_scale_factor); 
CAMI (Ortec_ADC_l, read_ADC_conversion, TAC_channel, 

TAC_ voltage, Q, X); 
CAMI (Ortec_ADC_2, read_ADC_conversion, wedge_2_channel, 

wedge_2_charge, Q, X); 
CAMI (Onec_ADC_2, read_ADC_conversion, strip_2_channel, 

strip_2_charge, Q, X); 
CAMI (Ortec_ADC_2, read_ADC_conversion, z_2_channel, 

z_2_charge, Q, X): 
z_2_charge := round (z_2_charge * tps_sip.z_scale_factor); 
gotoxy(l.y); 
writeln CUpper Detector Wedge Signal:', wedge_I_charge:4); 
writeln ('Upper Detector Strip Signal:', strip_l_charge:4); 
writeln (' Upper Detector Z Signal:', z_l_charge:4); 
writeln (' TAC Signal:\ TAC_voltage:4): 
writcln CLower Detector Wedge Signal:', wedge_2_charge:4); 
writcln CLower Detector Strip Signal:', strip_2_charge:4); 
writcln C Lower Detector Z S ignal:', z_2_charge:4); 
writeln: 
write (' '): 
write ("press < enter > to continue..."): 
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readln; 
end: 

f: begin 
Udjnenu: 
show_mm_parameters: 

end: 

end: {case ch } 
until (ch = '(J1): 
window (1,1, SO, 24); textcolor (IS): clrscr; 

end; {procedure read_adc ) 

end. { unit tps_radc } 

2.10 tps_exp.pas 

{tps_exp.pas ] 

{contents: ) 

f « W » K « * W * * W * * * N ( * 4 ( * * * * * » * W W K N ( * * i t i « M t * * * « H * i l i W * * * 5 H * W * « * * * * * * * * * * * * * V * * * M 

unit tps_exp; 

(SO+) 
($F+) 

interface 

usestps_g[ob,tps_uii[,tpsparam,tps_lld,tps_dcc.tps_ctf, 
drplot,tpsploi,graph,plotutil,codes,CRT,DOS; 

function test_data (half: integer; tps_data: tps_im_column_array): boolean; 
procedure obtain_tps_data: 
procedure show_tps_parametcrs; 
procedure tps_menu; 

r i t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ! * * ; * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 1 

implementation 

(SF-) 

{SI camturbo.v4} 

ISF+) 

( . . . .„ . . . . . . .„ .« . , . , . .„„ .„„ . . , . .„ . . . . . . . , , . . . , . . . . ,„ . . . .„„ ,„ .} 

function test^data (half: integer tps_daia; tps_int_column_array): boolean: 
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var 
start.etemem. end_elemeni: integer, 

befin 
case half of 

upper: befin 
start.elemem := wedge_l; 
end.elcment := z_l; 

end; 
lower: begin 

start_element := wedge_2; 
end_eiement := z_2; 

enl: 
end; 

for detector .element .= sian_elemem to end_element do 
begin 
if (tps_data [detector_element] = 0.0) then 
begin 

zero_data_count := zero_daia_coum + 1; 
rec_zero_data_count := rec_zero_data_count + 1; 
test.data := FALSE; 
exit; 

end 
else if (tps_data [detector_elemem] > 0 ) and 

(tps_data [detector_element] < 
tps_stp.swd_setting [detector_element, lower]) then 

begin 
low_data_count := low_data_count + 1; 
rcc_low_data_count := rcc_low_data_count + 1; 
tost.data := FALSE; 
exit; 

end 
else if (tps_data [detector_elemem] > 

tps_stp.swd_setung [detector_element, upper]) and 
(tps_data [detector_element] < 8064) 
then 

begin 
high_data_count := high_data_couni + 1: 
rec_high_data_count := rec_high_data_count + 1; 
test_data := FALSE; 
exit; 

end 
else if (tps_data [deicctor_element] > 8064) then 

begin 

ovcrflow_count := overflow_couni + 1; 
rcc_overflow_count ;= rec_overflow_count + 1; 
tcst_daia := FALSE; 
exit; 

end; 
end; 

test.data := TRUE; 
end; {procedure test_data | 
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pcocodwe oboifl^ipf_dm; 
w 
ch.df_ch :char. 
i, j , k, y, deteciorjelement: integer, 
wedge_l_dita. strip_l_data. z_l_daa. TAC.data: inceger 
wedge_2_dau, strip_2_daia, z_2_dau: integer. 
wedge_fncuon, stripjiaciion. z_ftaction: real; 
touLchaige: word; 
upper_x_pos, upper_y_pos, lower_x_pos, lower_y _pos: real; 
xjrin, y_bin: integer; 
Ql, Q2: integer. 
result: word; 
tps_raw_data: tps_raw_daia_poimer; 
tps_data: tps_int_eolumn_array; 
test_data_ok. done: boolean; 
e_drive_file, c_drive_file: file; 
niimread, numwnttcn: word; 
block_buffer: array [1..4098] of char, 
test: longint; 

begin 
cJock„on (initial_start_time); 
ch:=#H; 
set_up_Oru'.c_ADCs(tps_stp.lld_seuing); 
done := FALSE; 

tps_reftesh_count := 1; 
rec_zero_data_count := 0; 
rec_low_data_count := 0; 
rec_high_data_count := 0; 
rec_overflow_count := 0; 
rec_oulside_acUve_arca_count := 0; 
rec_non_coincidence_count := 0; 
zero_data_count := 0; 
low_data_count := 0; 
high_data_count := 0; 
overflow_count := 0; 
outside_active_area_count := 0; 
non_coincidence_count := 0; 
tps_data_count := 0; 
tota]_cxp_time := 0; 
total_coimt_time :=0; 

df_max := 1; 
df_plot_max := 15; 
df_min ;= 0: 
df_plot_tnin := 0; 

tps_data_read_cyclcs 
rec_data_read_cyclcs 
draw_detecior_face; 
write_tps_df_legend; 
write_tps_ms_info; 
update ("Initializing'): 

= 0; 
= 0; 
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new (tps_raw_data); 
fori := 1 10nJ_size.Jiinil do 
begin 

for j := wl_coI 10 z2_col do 
begin 

tps_raw_daiaA [i, j] := 0; 
end: 

end; 
new ([ps_df_data); 
for i:=-120 to 119 do 
begin 

for j := -120 to 119 do 
begin 
tps_df_dataA[i,j]:=0: 

end: 
end: 

f 

new (tps_energy_and_angle_dala); 
for i := 0 to 325 do 
begin 

for j :=0to9do 
begin 

for k := 0 to 9 do 
begin 
lps_encrgy_and_angle_dataA [i, j , k] := 0; 

end; 
end; 

end;) 

update ('Acquiring Daia'); 
clock_on (start_iime); 
repeat { until done } 

repeal {until) 
test_data_ok := FALSE; 
CAMCL (dataway_c); 
tps_data_read_cycles := tps_data_read_cyclcs + 1; 
rec_data_read_cycles := rec_data_read_cycles + 1; 
for detector_element := wedge_l to z_2 do 

begin 
ips_data [d?tector_element] := 0: 

end; 

repeat 
CAMI (Ortcc_ADC_l, tcst_LAM, module, D.Ql, X); 
CAMI (Ortec_ADC_2, test_LAM, module. D, Q2. X): 
if keypressed then 

begin 
ch := readkey; 
cli := upcase (ch); 
if (ch = ESC) or (ch = •Q') then 
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befin 
done := TRUE: 

end 
elje if (ch in (LEFTARROW, RIGHTARROW, DOWNARROW. UPARROW]) then 

begin 
df.cn := ch; 
update ('Changing Disp Disc1): 
repeat 
if (df.ch = RIGHTARROW) and 

(df_display_lower_discriminator < df_plot_max * 14 div IS) then 
begin 
i := round ((df_display_lower_discriminator) * 15 

/df_plot_max); 
df_display_Iower_discriminator := round (df_plot max 

/ IS * (i + 1) + 1); 
end 

else if (df_ch = LEFTARROW) and 
(df_display_!ower_discriminator > df_plot_max div 15) then 

begin 
i := round ((df_display_lower_discriminator) * 15 

/ dfJ3ijt_max); 
df_display lower discriminator := round (df_plot_max 

/ 1 5 * ( ' - D ) ; 
end 

else if (df_ch = UPARROW) and 
(df_display_lower_discriminator < dl_plot_max) then 

begin 
df_displayjower_discriminator := 

df_display_lower_discriminaior+ 1; 
end 

else if (df_ch = DOWNARROW) and 
(df_display_lower_discriminator > 1) then 

begin 
df_display_lower_discriminator := 

df_display_lower_discriminator - 1 ; 
end; 

write_tps_df_legend; 
repeat 

begin 
df_ch := readkuy, 

end; 
until df_ch in [LEFTARROW, RIGHTARROW, DOWNARROW, UPARROW, 

ESC, 'Q', RETURN]; 
until df_ch in [ESC, 'Q\ RETURN]; 
plot_tps_ms_data; 

end 
else if ch = L' then 

begin 
update ("Reserved Key1); 

end; 
update ('Acquiring Data'): 

end: 
until (Ql = 1) or (Q2 = 1) or done; 

424 

http://df.cn


if not done then 
begin 
delay (1): 
CAMI (Onec_ADC_l, read_ADC_conversion. 

TAC_channcl, tps_daia [TAC], Q. X); 
{To run in non-coincidence mode, i.e. with no TAC 'enforcement' for flat 
field acquisition, replace the following if statement with the 'if(l=l) then 
statement following it which is normally commented out) 

if (rps.data [TAC] >= tps_stp.swd_seuing [TAC, lower]) and 
(tps_data [TAC] <= tps_stp.swd_setting [TAC, upper]) then 

(if(l = l)then) 
begin 
CAMI (Ortec_ADC_l, read_ADC_conversion, wedge_l_channel, 

tps_daia [wedge_l], Q, X); 
CAMI (Ortcc_ADC_l, read_ADC_conversion, strip_l_channel, 

tps_data [strip_l], Q, X); 
CAMI (Ortec_ADC_l, read_ADC_conversion, z_l_channel, 

tps_data [z_l], Q, X); 
if test_data (upper, tps_data) then 

begin 
tps_data [z_l] := round (tps_daia [z_l] * ips_stp.z_scale_factor); 
tps_raw_dataA [tps_refresh_count, wl_col] := tps_data [wedge_l]; 
tps_raw_dataA [tps_refresh_count, sl_col] := tps_data [strip_l]; 
tps_raw_dataA [tp«._refrcsh_count, zl_col] := tps_d^ta [z..l]; 
tps_raw_dataA [tps_refrcsh_count, TAC_col] := tps_data [TAC]; 

CAMI (Ortec_ADC_2, read_ADC_conversion, wedge_2_channel, 
rps_data [wedge_2], Q, X); 

CAMI (Ortec_ADC_2, read_ADC_conversion, strip_2_channel, 
tps_data [strip_2], Q, X); 

CAMI (Ortec_ADC_2, read_ADC_conversion,z_2_channel, 
ips_data [z_2], Q, X); 

if test_data (lower, tps_data) then 
begin 
tps_data [z_2] := round (tps_data [z_2] * tps_stp.z_scale_factor); 
tps_raw_daiaA [tps_refrcsh_count, w2_col] := tps_data [wedge_2]; 
tps_raw_dataA [tps_refresh_count, s2_coI] := tps_daia [strip_2]; 
tps_raw_dataA [tps_refresh_count, z2_col] := tps_data [z_2]; 
rps_refresh_count := tps_refresh_count + 1; 
tps_data_count := tps_data_count + 1; 
tesLdata_ok := TRUE; 

end; 
end; 

end 
else 

begin 
non_coincidence_coum := non_coincidcnce_count + 1; 
rec_non_coincidcnce_count := rec_non_coincidence_count + 1; 

end; 
end; 

until test_data_ok or done; 
if not done then 
begin 
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kttal_ch*xe :=rpj_cbu [wedte_l] + tps_diu[$tripj] + 
rps_d»u fz_l]; 

wedte_fr»ction := tps.dau t*edge_1] / toul_chirje; 
sripjraction « tpsjiau [strip_l] /loul.cnarge; 

zjraction := tps.dau [z_ 1] / ioul_charge: 
with tps_stp do 

begin 
upper_x_pos := 28399 + dac_sctiing [wedge.l] * 1000 

- round (113596 * dmc.setting [wedge_l] * 
(tps.data [wedge_l] - tps_data [z_l] * 
((ctf.setting [upper_ctf,ws] - cif_setting [upper_ctf,wz]) 
/ (1.0 - 3.0 * ctf_setting [upper.ctf.wz]))) 
/ total_charge); 

upper_y_pos := - 4563 + dac_setu'ng £strip_l] * 1000 
+ round (63750 * dmc_setting [strip_l] * 
(tps_data [strip.l] - tps_data [z_l] • 
((ctf_seiting [upper_ctf,sw] - ctf_setting [upper_ctf,sz]) 
/ (1.0 - 3.0 * ctf_seuing [upper_ctf,sz]))) 
/ total_charge); 

end: 
x_bin := round (upper_x_pos /167); 
y_bin := 12 + round (upper_y_pos / 184); 
( The above constant is 

df.radius [20000 in urn] 1120 = 167 urn per bin J 
if (abs(x_bin) <= 120) and (y_bin <= 120) and 

(y_bin >= 0) then 
begin 
tps_df_dataA [x_bin, y_bin] := tps_df_dataA [xjrin, y_bin] + 1; 

end 
else 

begin 
outside_active_area_count := outside_active_area_count + 1; 
rec_outside_active_area_count := rec_outside_active_area_count + 1; 

end; 
totaLcharge := tps_data [wedge_2] + tps_data [slrip_2] + 

tps_data [z_2]; 
wedge_fraction := tps_data [wedge_2] / total_charge; 
strip_fraction ;= tps_data [slrip_21 / totaLcharge; 

z_fraction := tps.data [z_2] / total_charge; 
with tps_stp do 

begin 
lower_x_pos := - 28399 - dac_setling [wedge_2] * 1000 

+ round (113596 * dmc_setting [wedge_2] * 
(ips_data [wedge_2] - tps_data [z_2] * 
((ctf_setting (lower_ctf,ws) - ctf_setting [lower_clf,wz]) 
/ (1 .0- 3.0 * ctf_setting [lower_ctf,wz)))) 
/ total_charge); 

lower_y_pos := - 4563 + dac_setting [strip_2] * 1000 
+ round (63750 * drac_setting [strip_2] * 
(tps_data (strip_2] - tps_data [z_2] " 
((cif_seuing [iower_ctf,sw] - offsetting (lower_ctf5zj) 
/ (1.0 - 3.0 * cif_scuing [lower_ctf.sz]))) 
/ totaLcharge): 

end: 
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x_bin :* round (lower_x_pos /167); 
y_bin := -12 - round (Iower_y_pos /184); 
( The above constant is 
df_radius [20000 in umj /120 = 167 urn per bin ) 

if (abs(xj>in) <= 120) and (y_bin >= -120) and 
(y_bin <= 0) then 

begin 
lps_df_dataA [x_bin, y_bin] := tps_df_data/1 [ic_bin, y_bin] + l; 

end 
else 

begin 
outside_active_area_count := outside_acu've_area_count + I; 
rec_outside_active_area_count := rec_outside_active_area_count + 1; 

end; 
if tps_accumulate_mode then 
begin 

ifkeypressedthcn 
begin 
done := TRUE; 

end; 
end 

else if (tps_data_count >= tps_shot_number) then 
begin 
done := TRUE; 

end; 
end; 

if (tps_refresh_count >= tps_refresh_limit) or done then 
begin 
count_iime := elapsed_lime (siart_iime); 
tota!_count_time := total_count_time + count_time; 
total_exp_time := round (elapsed_time (initial_stan_time)); 
update ('New Data to e:7; 
assign (bin_data_file, 'e:\tcmpMps_rd.bin'); 
(SI-) 
reset (bin_data_file, 2); 
IOErrorCode := IOResult; 
if (IOErrorCode <> 0) or (tps_dau_count = ips_refresh_count -1) then 

begin 
rewrite (bin_data_file, 2); 
reset (bin_data_file, 2); 

end; 
(SI+) 
test := filesize(bin_data_file); 
seek (bin_data_file, filesize(bin_data_file)); 
blockwritc (bin_data_filc. tps_raw_dataA, (tps_rcfresh_count -1) * 7, result); 
close (bin_data_file); 

plot_ips_ms_daia; 
write_tps_dfjegend; 
write_lps_ms_info; 

if diskfrec(S) < (rd_size_limit * U) then 
begin 
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done := TRUE; 
end 

else if not done ihen 
begin 
tps_refresh_count := 1; 
rec_data_read_cycles :=0; 
rec_zero_data_count := 0: 
rec_low_data_count .-= 0: 
rec_high_data_count := 0; 
rec_overflow_count := 0; 
rcc_outside_aciive_area_coum := 0; 
rec_non_coincidence_count := 0; 
clock_on (start_time); 
update ("Acquiring Data'); 

end; 
end; 

until done; 
dispose (tps_raw_daia); 
if (DiskFree(O) > 60000) then 
begin 
update ('Detector Face to c:'); 
assign (bin_daia_file, 'c:\turbo\swdev\tps\ips_df.bin'); 
(SI-) 
reset (bin_data_file, 1); 
IOErrorCode := IOResult; 
if IOErrorCode <> 0 then 

begin 
rewrite (bin_data_file, 1); 
reset (bin_data_file, 1); 

end; 
($1+) 
blockwrite (bin_data_file, tps_df_dataA, 240 " 240, result); 
close (bin_data_file); 
dispose (tps_df_data); 

end; 

update ("Write Raw Data); 
assign (int_data_file, 'e:\tempMps_rd.bin'); 
reset (int_data_file); 
if DiskFree(O) > (filesize(int_data_filc) * 6) then 

begin 
assign (iext_daia_filc, 'c:\turbo'«wdev\tpsvjps_rd.ut'); 
rewrite (text_data_file): 
repeal 
if not eof <int_data_file) then 

begin 
read (im_data_file. wedge_l_data. strip_l_data. z_l_da;a. 

TAC_data. wedge_2_daia. stnp_2_daia. z_2_data); 
writeln (iext_data_file, wedge_l_data:4, #9, strip_l_daia:4, «9, 

z_l_data:4. #9. TAC_data:4. )(9. 
wedgc_2_data:4. S9. strip_2_data:4. #9. 
z_2_datx4); 

end: 
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until eof (im_da«a_file); 
close (int_data_file); 
close (text_data_file); 

end 
else 

begin 
close (int_data_file); 

end; 

C 

if (DiskFree(O) > 2000000) then 
begin 
update ('Write E & A Data'); 
assign (text_data_file, 'c:\frbm\dyn\rps_ea.txt'); 
rewrite (text_data_file); 
new (tps_energy_and_angle_data); 
for i := 0 to 325 do 
begin 

writcln (texr_daia_filc. 'Energy = ', i:3); 
for j := 0 to 9 do 

begin 
writeln (text_data_file, 'Theta = ', j:2); 
writcln (text_data_file,' 0-9 9-18 '8-27 27-36 36-45 45-54', 

' 54-63 63-72 72-81 81-90 '); 
tor k := 0 to 9 do 
beg:n 
write (tcxt_daia_filc, tps_encrgy_and_angle_dataA [i, j , k):4); 

end; 
writcln (tcxt_data_file); 

end; 
writeln (text_data_rile); 

end; 
close (text_daia_file); 
dispose 'tps_energy_and_angle_daia): 

end; 
*) 

update ('!!! DONE!!!'); 
sct_done_flag; 
ResiorcCRTMrxle: 
GraphicsOn := F H L S E ; 

end; 

(.-.,.»„..„„..„,..„„.,....„.....,..,.,...«„..,.,.., 

procedure get_tps_shoi_numben 
begin ( procedure get_tps_shot_number) 
if ask_for_long_integer (lps_shot_number. Shots per Scan : ' , 

1.2000000000) then 
slH>w_tps_paramcters; 

end I procedure get jps_shoi_niunber ); 
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procedure slKW_tps_parametere,-
var 

wind_y: byte; 
begin (pnjcedure show_txs_plot_parameters) 
wind_y := Hi(WindMin); 
window (37,1,80,24); clrscr; 
clrscr; textcolor (9); 
GoToXY(l^); 
if tps_accumulaie_mode = FALSE Uien 
begin 

writeln (' Multiple Shot'); 
end 

else 
begin 

writeln (' Accumulate...'); 
end; 

GoToXY (1.7); textcolor (LighlRed); 
if tps_accumuIate_mode = FALSE then 
begin 
write (' Shot Number: '); 
writeln (tps_shoi_numbcr:12); 

end 
else 

begin 
writeln (' Shot Number: Until Stopped'); 

end; 
writeln; 
writeln (' Lower Display'); 
writeln (' Discriminator:', df_display_lower_discriminator: 12); 
window (1, wind_y, 80, wind^y); 
end; ( procedure show_tps_parameters ) 

ptocedure show_tps_menu: 
begin 

if not GraphicsOn then 
begin 
window (1, 1, 37, i-i); 
clrscr, textcolor (15); 
writeln CM; Multiple Shots (sec i 
writeln CU: Until Next Key is Pres 
writeln: 
wriieln ( T : Begin Dynamics Etpcri. . •*; 
writeln: 
wriieln f N : Set Shot Number); 
writeln; 
writeln: 
writeJn f D: Adjust Detector Coosanis'li: 
writelo CC : Adjust Detector CT Foams"): 
wrieJn; 
writelj> (X.: Change Display DJscnmtaaiof1: 
HTIB4. . 
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writeta ("P: PIoi Maui); 
wriiein; 
wriiein (S : Save DSR Data File"): 
wriiein ( H : Read DSit Data File-); 
writeln; 
writeln f Q : Quit Test DSR Menu-): 
wriiein; 
wriiein C "); 

end: 
end: 

procedure tps_menu; 
var 
ch: char; 
i, y, axis: integer, 

begin { procedure tps_menu J 
experiment_type := ore: 
writeln (MemAvaif,' bytes available'),' 
writeln CLargest free block is', MaxAvail,' bytes'); 
writeln (Disksize(5) div 1024,' kilobytes capacity on e: drive'); 
writeln (DiskFree(5) div 1024,' kilobytes free on e: drive'); 
delay (1000); 

df_plot_max := 15; 
repeat 

if not tps_accumuIate_modc then 
begin 

if GraphicsOn then 
begin 
RestorcCRTModc; 
GraphicsOn := FALSE; 
show_tps_parameters; 

end; 
end; 

if not GraphicsOn then 
begin 
show_tps_parameters; 
show_tps_menu; 
y := wherey; 
repeat 

window (1, y, 80,24); clrscr, 
write ("? >'); 
ch := Readkey; ch := upcase(ch): writcln (ch): writeln; 

until ch in ['U'" 'M', T . 'N1, 'F , 'D', 'C, T.', 
P','S','R',#13.'Q']; 

end 
else 

begin 
repeat 

begin 
ch := Rcadlcey; ch ;= upcasc (ch); 

end: 
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anal ch in [V, W . T , W, T , 'D'. XT, V . 
y . -S ' . 'R ' .m'QI; 

end; 
cased) of 

•NT: 
begin 

if not GraphicsOn then 
begin 
tps_accumulate_mode := FALSE; 

end: 
end; 

V: 
begin 

if not GraphicsOn then 
begin 
tps_accurau]ale_mode := TRUE; 

end; 
end: 

T : 
begin 
if tps_accumulaie_mode then 

begin 
obtain_ips_data; 

end: 
end; 

'N': 
begin 

if not GraphicsOn then 
begin 
get_lps_shot_number; 

end; 
end; 

T>': 
begin 
dcc_menu: 
show_tps_parameters; 

end; 
XT: 
begin 
etf_menu; 
show_tps_parameters; 

end; 
•U: 
begin 

repeat 
y := wherey + Hi(WindMin); 
window (1, y, 80, y); 
textcolor (14); 
begin 
write (Press', #24. Y, #25, 

to raise/lower DSR Display Lower Discriminator: •): 
repeat 

begin 
ch := readkey. 
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end: 
until ch in tLSTARROW, RIGHTARROW. DOWNARROW. UPARROW. 

ESC.lQ/.#i3J: 
if (ch « RIGHTARROW) and 

(df_dispby_tower_discrirninaior < df_plot_max * 14 div 15) Uien 
begin 
writ* (#24); delay (100): 
i := round ((df_dispIay_lower_discriminator) * 15 

/df_plot_max); 
df_dispby_lower_discriminator := round (df_plot_max 

/ 1 5 * ( i + l ) + l); 
end 

else if (ch = LEFTARROW) and 
(df_displayJower_discriminator > df_plot_max div 15) then 

begin 
write (#25); delay (100); 
i := round ((df_display_Iower_discriminaior) * 15 

/ df_plot_max); 
df_display lower discriminator := round (df_plot_max 

/ 1 5 * ( i - l ) ) ; 
end 

else if (ch = CJPARROW) and 
(df_display_lower_discriminator < df_plot_max) then 

begin 
write (#24); delay (100); 
df_display_lower_discriminator:= 

df_dispIay_lower_discriminator + 1; 
end 

else if (ch = DOWNARROW) and 
(df_dispIay_lower_discriminator> I) then 

begin 
write (#25); delay (100); 
df_display_lower_discriminator := 

df_display_lower_discriminator-1; 
end; 

end: 
show_tps_parameters; 

until ch in [ESC, 'Q1, RETURN); 
end; 

' P ; 
begin 

tps_plot_mcnu: 
end; 

S\-
begin 

reserved; {save_daia_file;} 
end; 

•R' : 
begin 
reserved: (read_data_file;) 

end: 
#13 : 

begin 
ifGraphicsOnthcn 
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begin 
RatoreCRTMode: 
GraphicjOn := FALSE; 

end; 
show_tps_Darameters: 

end; 
Q': 
begin 

if GraphicsOn then 
begin 
ResioreCRTMode; 
GraphicsOn := FALSE; 

end; 
end; 

end; 
until (ch = 'Q'): 

experiment_rype := tps; 
window (1,1,80,24); textcolor (15); clrscr; 

end; (procedure tps_menu } 

end. { unit tps_exp ) 

2.11 dfplot.pas 

(dfplot-pas ) 

unit dfplot; 

(SO+) 
(SF+) 

interface 

usestps_glob,tps_uUl,pIoiuu!,graph,grafulil,CRT,DOS; 

procedure update (display_str: string_80); 
procedure draw_detector_face; 
procedure plot_tps_ms_data; 
procedure write_tps_df_legend; 
procedure write_tps_ms_info; 

implementation 

procedure update (display_str: string_80); 
begin 
if GraphicsOn = FALSE then 
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bCffal 
exit: 

end; 
DefineWindow (750,0.1000,100): 
DcfincUserCoordinatcs (1,1,20. S): 
SeiFillSiyle (EmpiyFill. EmptyFill): 
MoveUserd, 1): 
DrawBarUser (20,2): 
SetColor (Magenta); 
bSeiTcxtSlyle (Font, HorizDir, 1): 
SetTextJusiify (LefiText, TopText); 
OutTextXYUscr(l, l.display_str); 

end; 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * » * * * v * « * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 4 i 1 

procedure draw_detector_face; 
const 

field_of_vicw_radius = 19000; 
var 

i : integer; 
blocker_half_width: real; 

begin 
if GraphicsOn = FALSE then 
begin 
SetGraphMode (GraphMode); 
GraphicsOn := TRUE; 

end; 
SetColor (3); 
SeiFillStyle (InterleaveFill, 3); 
DcfineWindow (250,0,1000,1000); 
DefineUserCoordinates (-df_radius, df_radius, df_radius, -df_radius); 
DrawCircleUscr (0,0, df_radius); 
DrawCircleUser (0,0, field_of_view_radius); 
blocker_half_width := tps_stp.blocking_strip_fuIl_width * 500; 
MoveUser (-field_of_view_radius, -blocker_half_widlh); 
DrawBnrUscr (fic!d_of_view_radius, blockcr_half_width); 

end: 

procedure plot_tps_ms_daia; 
var 

i, j , FillColor: integer, 
begin 
update ('Plotting Data); 
SetPalctte(I, Magenta); 
SetPaletie (2, LighiMagenta); 
SetPalelte (3, DarkGray); 
SeiPalette (4, Blue); 
SetPalctte (5, LightBlue): 
SctPalette (6, Cyan); 
SclPaleue(7. LightCyan); 
SetPalcttc (8, Green): 
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SetNene{9. LiftaGreen); 
SetPileoc {10, Brown): 
SeiPdeue (11. Yellow): 
SaPdenc(12.Red): 
SetPikne {13, LighlRcd); 
SetPaleae (14, LightGray); 
SetPjlene (15. White): 
DefineWindow (250.0,1000.1000); 
DefineUsetCoordinates(-120,120.120, -120); 
for i:= -120 to 119 do 
begin 
for j := -120 to 119 do 

begin 
if tps_df_dataA [i, j] >= df_display_lower_discriminaior then 

begin 
FillColor := trunc ((tps_df_dataA [i, j] 

/(df_plot_max + ]))*15) + 1: 
SctFillStyle (SolidFill, FillColor); 
MoveUser (i, j); 
DrawBarUser (i + 1, j + 1); 

end; 
end; 

end; 
end; 

f **WW****W*WW*W*W**********W*W**WW*W**W*W***WW****W**W********»********** 1 

procedure write_ips_df_legend; 
var 
higher_color_value_label, lower_color_value_label: string; 
color_valueJabel_string '• string; 
tps_display_lower_discriminator_Iabel: string; 
higher_color_value, lower_color_value: word; 
i, lowest_visible_color; integer; 

begin (procedure write_tps_df_legend ) 
if GraphicsOn = FALSE then 
begin 

SetGraphMode (GraphMode); 
GraphicsOn := TRUE; 

end; 
DefineWindow (0,500,40,1000); 
DefineUserCoordinates (0,16,1,1); 
SetPalette (1, Magenta); 
SetPalette (2, LightMagenia); 
SetPalette (3. DarkGray); 
SetPaletle(4, Blue); 
SetPalette (5, LightBIue); 
SetPalette (6, Cyan); 
SetPaleae (7, LighiCyan); 
SetPalette (8, Green); 
SetPalette (9, LightGreen): 
SetPalette (10, Brown); 
SeiPalette( 11. Yellow); 
SeiPaleue(12.Rcd); 
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SeiPaletie(13.Ufl)tRed): 
SeiPalene (14, LighiGray); 
SetPaleue (IS. While); 
lowest_visible_cotor := round (df_display_lowcr_discriminaior * 15 

/df_ploi_max); 
for i := lowest_visible_color 10 15 do 

begin 
SeiFillStyle (SolidFill, i); 
MovcUser (0, i): 
DrawBarUser (1, (i + I)): 

end: 
{label colors J 
bSeiTexlSlylc (Font, HorizDir, 1); 
SetTexUustify (LeflText, TopTcxl); 
SetFillSlylc (EmpiyFill, EmplyFill); 
Bar (40, MaxY, 155, MaxY div 2); 
for i := lowest_visiblc_color to 15 do 

begin 
SelColor (i); 
highcr_color_value := round (df_plot_max / 15 * i + 1); 
sir (higher_color_value:5, highcr_color_valuc_label); 
!owcr_color_value := round (df_plot_max /15 * (i -1) + 1); 
str (lower_color_valuc:6, lower_coIor_value_labcl); 
color_vaIue_labcl_string := lower_color_value_label + ' -' + 

highcr_color_value_Iabe[; 
OutTcxtXY (30, (MaxY div 31 * (32 - i) - i + 5), 

color_valuc_label_siring); 
end; 

sir (df_display_lower_discriminator: 1, tps_displayJowcr_discriminator_label); 
tps_displayJower_discriminator_labcl := 'Disc : ' + 

tps_display_lower_discriminator_label; 
bSeiTcxtScylc (Font, HorizDir, 1); 
SetTcxdustifY (LeftTcxl, TopTexl); 
SelFillSlylc (EmptyFill, EmplyFill); 
Bar (175, MaxY, 300. MaxY * 46 div 48); 
SetColor (lowest_visible_color); 
OulTcxtXY (175, (MaxY - 9). tps_displayJower_discriminator_labeJ) 

end; { procedure write_lps_df_lcgend 1 

procedure writc_tps_ms_info; 
var 
validnumstr, goodstr, zerostr. lowsir, highstr: string; 
overstr, oaastr, ncostr: string; 
recentvalidnumstr, reccntgoodsir, recentzerostr: string; 
reccnilowstr, recenihighstr: string; 
rccentovcrstr, rccentoaastr, rcccntncostr: string; 
hstr, mstr, sstr; siring; 
x_pos, y_pos: string; 
refresh_limii_str: suing; 
count_rate_sir. average _count_raie_str: suing; 
couni_iimc_str. iotal_count_time_sir. toui_exp_time_sir: siring. 
good. zero. low. high, over, oaa, nco: real; 

437 



igood. rzero. riow, rhifh. rover, rou. mco: teal: 
begin {procedure wriie_tps_ms_info) 
if GnphicsOn = FALSE then 

begin 
SetGraphMode (GraphMode); 
GraphicsOn := TRUE: 

end: 
DefineWindow (0,0,300,500); 
DefineUseiCoordinates (1,1,24,25): 
SetColorflLightRed); 
bSetTexlSlyle (Font, HorizDir, 1): 
SetTextfustify (LeftText, TopText); 
OutTextXY (1,1,'Events Last[%] Cum[%]'); 
if rec_data_read_cycles = 0 then 
begin 
rec_data_read_cycles := 1; 
if tps_data_read_cycles = 0 then 

begin 
tps_data_read_cycles := 1; 

end; 
end; 

good := tps_data_count / tps_data_read_cycles * 100; 
zero := zero_data_count/ ips_data_read_cycles * 100; 
low := low_daia_count/ tps_data_rcad_cycles * 100; 
high := high_daia_count / tps_data_read_cycles * 100; 
over := overflow_count / tps_data_read_cycles * 100; 
oaa ;= outside_active_area_count / tps_data_rcad_cycles * 100; 
nco := non_coincidence_count/ tps_data_read_cycles * 100; 
rgood := (ips_refresh_count -1) / rec_data_read_cycles * 100; 
rzero := rec_zero_data_count / rec_data_read_cycles * 100; 
rlow := rec_Iow_data_count / rec_data_rcad_cycles * 100; 
rhigh := rec_high_data_count / rec_data_read_cycles * 100; 
rover := rec_overflow_count / rec_data_read_cyc!es * 100; 
roaa := rec_ouiside_active_area_count / rcc_data_read_cycles * 100; 
mco := rec_non_coincidence_count / rec_data_read_cycles * 100; 

str (good:5:l, goodsir); 
str(zero:5:l,zerosir); 
str(low:5:l,lowstr); 
str (high:5:l, highstr); 
str (oven5:1, overstr); 
str(oaa:5:l,oaastr); 
sn-(nco:5:l,ncostr); 
str (rgood:5:1, recentgoodstr); 
str (rzero:5:1, recentzerosu); 
str (rlow:5:1, recentlowstr); 
str (rhigh:5:l. reccnthighsir); 
str (roven5:l, recentoverstr); 
str (roaa:5:1. recentoaastr); 
sir (mco:5:l, reccntncostr); 

goodstr :=' Valid:' + reccmgoodstr +' ' + goodsir 
zerostr :=' Zero:' + reccnizerostr +' ' + zerostr. 
lowstr :=' Low :' + recentiowstr +' ' + lowstr 
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hijhnr:*' Hijh:' + recenihifrhsu +' ' + highstr: 
overstr :=' O.F.:' + rccemoverstr+' ' + overstr; 
oaastr :='O.A.A.:' + lecentoaastr + ' ' + oaastn 
ncostr :* 'Non Co: ' + recentncostr +' ' + ncostr. 
SelFillStyle (EmptyRJl, EmpiyFill); 
MovcUser(l,2); 
DrawBartJser(24,13): 
SetColor (LighlRed); 
OutTextXYUser (1,3. goodstr); 
OutTextXYUser (1,4. zerosir); 
OutTexlXYUser (1,5, lowstr); 
OutTextXYUser (1.6, highsir); 
OutTextXYUser (1,7, overstr); 
OutTextXYUser (1,8, oaastr); 
OutTextXYUser (1,9, ncostr); 
if (tps_data_count > 0) and (tps_rcfrcsh_coum > 1) then 
begin 

str (count_time:5:1, count_iime_str); 
count_timc_str := Times : ' + count_time_str + ' s'; 
OutTexlXYUser (1,11, count_time_str); 
count_rate := tps_refresh_count / count_time; 
sir (count_rale:5:l, count_rate_str); 
count_rate_str := Kates : ' + count_rate_str + ' Hz'; 
OutTextXYUser (1,12, count_rate_str); 

end; 

SeiFillStylc (EmptyFill, EmptyFill); 
MoveUser(l, 18); 
DrawBarUser(16,24); 

str ((tps_refresh_limit -1): 1, refresh_limit_str); 
refresh_limit_str := Refresh : ' + refresh_limit_str; 
str (tps_daia_count: 1, validnumstr); 
validnumstr :=' Points:' + validnumstr; 
h := total_exp_time div 3600; 
m := (total_exp_time mod 3600) div 60: 
s := (total_exp_time mod 3600) mod 60: 
hstr := W2S (h, 0); 
if length (hstr) = 1 then 
begin 

hstr := '0' + hstr; 
end; 
mstr := W2S (m, 0); 
if length (mstr) = 1 then 
begin 

mstr := '0' + mstr, 
end; 
sstr := I2S (s. 0); 
if lengdi (sstr) = 1 then 
begin 

sstr := t)' + ssm 
end: 
total_exp_ume_su := ' + hstr + ':' * mstr + ':' + ssir. 
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SetCoior (LifhtGreen); 
bSetTextStyle (Font, HorizDir, 1); 
SetTextJustify (LeftText, TopText); 
OurTextXYUser(l, 17. refresh_limit_sr): 
OutTextXYUser (1,19. 'Valid Dais'); 
OulTextXYUser (1,20. validnumstr); 
OulTexrXYUser (1,22. 'Elapsed Time1); 
OutTextXYUser (1,23. total_ex,>_time_sir); 

SetCoior (LightGreen); 
bSetTextStyle (Font, HorizDir, 1); 
SeiTexJuslify (LeftText, TopTexl); 
OutTextXY (480, (MaxY - 9), 'Hit Esc to Quit...); 

end; ( procedure wriie_tps_ms_info ) 

end. { unit dfplot) 

2.12 tps_dcc.pas 

(tps_dcc.pas } 

unit rps_dcc; 

(SO+) 
(SF+) 

interface 

uses tps_util,tps_glob,DOS,CRT; 

procedure show_dcc_parameters (dmc_sctting : dcc_real_coIumn_array; 
dac_setting: dcc_real_coiumn_array); 

procedure get_detector_multipIier_constant_settings 
(var dmc_setting: dcc_real_column_array; 

dac_setting: dcc_real_column_array; 
ch: char); 

procedure get_deicctor_addiu've_constant_setu'ngs 
(dmc_seuing: dcc_real_column_array; 

var dac_seuing: dcc_real_co]umn_array; 
ch: char); 

procedure dcc_menu; 

implementation 

procedure show_dcc_paramcicrs (dmc_seuing: dcc_real_column_array; 
dac_setting: dcc_real_column_array); 

var 
wind_y: byte; 

begin ( procedure show_dcc_paramctcrs ] 
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wind_y:« HiCWindMin) +1; 
window (37,1.80.24); 
clrscr. texlcolor(ll); 
with tps_stp do 

begin 
write (' Upper Wedge Channel: y, 
writein (Ortec_ADC_channel [wedge_l]:7); 
write (' Upper Strip Channel:'): 
writein (Ortec_ADC_channel [strip_l ]:7); 
write (' Upper Z Channel:"); 
writeln (Onec_ADC_channel [z_l]:7); 
write (' TAC Channel: y, 
writein (Ortcc_ADC_channel [TAC):7); 
write (' Lower Wedge Channel:'); 
writein (Ortec_ADC_channel [wedgc_2]:7); 
write (' Lower Strip Channel:'); 
writein (Ortec_ADC_channe! [strip_2]:7); 
write (' Lower Z Channel:'); 
writein (Ortec_ADC_channel [z_2]:7); 

end; 
writcln; 
write (' Upper Wedge DMC Setting:'); 
writein (dmc_setling [wedge_l]:l 1:3); 
write (' Upper Strip DMC Setting :'); 
writein (dmc_setting [slrip_l];]l:3); 
write (' Upper Z DMC Selling :'); 
writein (dmc_setting [z_l]:11:3); 
write C TAC DMC Selling:'); 
writein (dmc_selting [TAC): 11:3); 
write (' Lower Wedge DMC Setting :'); 
writein (dmc_setting [wedge_2]:ll:3); 
write (' Lower Strip DMC Setting:'); 
writcln (dmc_setting [strip_2]:Il:3); 
write (' Lower Z DMC Setting :'); 
writein (dmc_setting [z_2]: 11:3); 
wriiein; 
write (' Upper Wedge DAC Setting:'); 
writcln (dac_setting [wedge_l]:ll:3); 
write (' Upper Strip DAC Setting :'); 
writein (dac_setting [strip_l]:ll:3); 
write (' Lower Wedge DAC Setting:'); 
writein (dac_setting [wedge_2]:ll:3); 
write (' Lower Strip DAC Setting :'); 
wriiein (dac_seuing [strip_2]: 11:3); 
window (1, wind_j\ 80, (wind_y + I)): 

end; ( procedure show_dcc_parameters ) 

procedure gci_deiecior_muliiplier_consiant_seuings 
(var dmc_setting: dcc_rcal_column_array; 

dac_setting: dcc_rcaLcolumn_array; 
ch : char); 

var 
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yrinteten 
befin (proceduregeuJeiecu>r_muluplier_constant_seuings} 
case ch of 

'A': begin 
y := wherey + Hi(WindMin); 
window ( l , y , 8 0 , y); 
if ask_for_real (dmc_seiiing [wedge_I], 

' New Upper Wedge Detector Multiplier Constant Setting:', 0,10) then 
begin 
show_dcc_parameiers (dmc_setting, dac_setting); 
texicolor (14); 

end; 
if ask_for_real (dmc_seuing [strip_l], 

' New Upper Strip Detector Multiplier Constant Setting:', 0,10) then 
begin 
show_dcc_parameters (dmc_setting, dac_setting); 
textcolor (14); 

end; 
if ask_for_real (dmc_seuing [z_l]. 

New Upper Z Detector Multiplier Constant Selling:', 0,10) then 
begin 
show_dcc_paramcters (dmc_setting, dac_seeting); 
textcolor (14); 

end; 
if ask_for_real (dmc_setting [TAC], 

New TAC Detector Multiplier Constant Setting :', 0,10) then 
begin 
show_dcc_parameters (dmc_setting, dac_setting); 
textcolor (14); 

end; 
if ask_for_real (dmc_setting [wedge_2], 

' New Lower Wedge Detector Multiplier Constant Setting :', 0,10) then 
begin 
show_dcc_parameters (dmc_setting, dac_setting); 
textcolor (14); 

end; 
if ask_for_real (dmc_setting [strip_2], 

' New Lower Strip Detector Multiplier Constant Setting:', 0,10) then 
begin 
show_dcc_parametcrs (dmc_seuing, dac_setting); 
textcolor (14); 

end; 
if ask_for_real (dmc_seuing [z_2], 

New Lower Z Detector Multiplier Constant Setting:', 0,10) then 
begin 
show_dcc_parameiers (dmc_setung, dac_setting); 
texicolor (14): 

end: 
end; 

T : begin 
if ask_for_real (dmc_seuing (wedge_l], 

' New Upper Wedge Detector Multiplier Constant Selling : 0.10) then 
show_dcc .parameters (<troc_seuing. dac_scuing); 
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end; 
7 ' : begin 

if ask_for_real (dmc_setting [sirip_I], 
' New Upper Strip Detector Multiplier Constant Seuing:', 0,10) then 

show_dcc_parameters (dmc_setling, dac.setting); 
end; 

' 3 ' : begin 
if ask_fot_real (dmc.seuing [z_l], 

New Upper Z Detector Multiplier Constant Setting;', 0,10) then 
show_dcc_parameters (dmc_seuing, dac_setting); 

end; 
'4 ' : begin 
if ask_for_real (dmc_setting [TAC], 

New TAC Detector Multiplier Constant Setting:', 0,10) then 
show_dcc_parameters (dmc_se;ting, dac_setting); 

end; 
'5 ' : begin 
if ask_for_real (dmc.setting [wedge_2), 

' New Lower Wedge Detector Multiplier Constant Selling : ' , 0,10) then 
show_dcc_parameters (dmc_setting, dac_se«ing); 

end; 
'6 ' : begin 
if ask_for_real (dmc_setting [strip_2], 

' New Lower Strip Dciector Multiplier Constant Setting:', 0, 10) then 
show_dcc_parameters (dmc_sclting, dac_setting); 

end; 
7 ' : begin 
if ask_for_real (dmc_setting [z_2]. 

New Lower Z Detector Multiplier Constant Selling ; ' , 0, 10) then 
show_dcc_parameters (dmc_setling, dac_setting); 

end; 
end; 

end ( procedure get_deiector_multiplier_consiant_settings ); 

procedure gei_detector_addiiive_cons^ .it_settings 
(dmc_setting: dcc_real_column_arrey; 

var dac_scuing; dcc_real_column_array; 
ch : char); 

var 
y : integer; 

begin ( procedure get_detector_additive_constani_seuings) 
case ch of 

'A': begin 
y := wherey + Hi(WindMin); 
window ( 1, y, 80, y); 
if ask_for_real (dac_scuing [wcdge_l], 

' New Upper Wedge Detcctoi Additive Constant Seuing:', -le9. Ie9) then 
begin 
show_dcc_paramctcrs (dmc_seiling. dac_seuing); 
texicolor (14); 

end; 
if ask_for_rcal (dac_seaing [strip. 1 ]• 
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• New Upper Strip Detector Additive Constant Selling:', -le9, le9) then 
begin 
show_dcc_paramciers (dmc_setting, dac_setting); 
textcolor (14); 

end; 
if ask_for_real (dac_setting [wcdgc_2], 

' New Lower Wedge Detector Additive Constant Setting:', -le9, le9) then 
begin 
show_dcc_paranieters (dmc_setting, dac_setting); 
textcolor (14); 

end; 
if ask_for_real (dac_setting [strip_2], 

' New Lower Strip Detector Additive Constant Setting:', -le9, le9) flien 
begin 
show_dcc_parametcrs (dmc_setting, dac_setting); 
textcolor (14); 

end; 
end; 

' 1 ' : begin 
if ask_for .real (dac_setting [wedge_l], 

' New Upper Wedge Detector Additive Consunt Setting:', -le9, !e9) then 
show_dcc_parameters (dmc.setting, doc_setting); 

end; 
'2 ' : begin 

if ask_for_real (dac_setting [strip_l], 
' New Upper Strip Detector Additive Constant Setting :', -le9, !e9) then 

show_dcc_parameters (dmc_setling, dac_setting); 
end; 

'5 ' : begin 
if ask_for_real (dac_setting [wedge_2], 

' New Lower Wedge Detector Additive Constant Setting:', -le9, le9) then 
show_dcc_parametcrs (dmc_setting, dac_setting); 

end: 
'6 ' : begin 
if ask_for_real (dac_setting [strip_2], 

' New Lower Strip Detector Additive Constant Setting:', -le9, le9) then 
show_dcc_parameters {dmc_setting, dac_setting); 

end; 
end; 

end ( procedure get_deiector_addilive_consiant_settings ); 

procedure dcc_menu: 
var 

dmc_semng: dcc_real_colunin_array; 
dac_selting; dcc_real_column_array; 
ch, dcc_ch: char. 
y : integer; 

begin {procedure dcc_mcnu J 
dmc_setting := tps_stp.dmc_seuing; 
dac_seuing := tps_stp.dac_setting; 
show_dcc_paramcicrs (dmc_setiing. dac_setling); 
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repeat 
window (1,1,36.24); 
clrscr; exicoior (15); 
wriie ("Change the D-); 
icxicolor (12); 
write ("M"); 
icxicolor (IS); 
writcln CC Setting On: ' ) ; 
writeln CA: All Channels'); 
wriieln CI: Upper Wedge'); 
writeln 0 2 : Upper Strip'); 
writcln ( 3 : Upper Z'); 
writcln ('4 :TAC); 
writeln C5: Lower Wedge"); 
writeln f 6 : Lower Strip1); 
writehi ( 7 : Lower Z1); 
writeln; 
writf ('Change the D'V 
te,-.u;olor (12); 
write ('A"); 
textcolor (15); 
writeln f C Setting On: y, 
writeln ('A: All Channels'); 
wriieln 0 1 : Upper Wedge'); 
writeln ('2: Upper Strip'); 
wriieln ('5: Lower Wedge'); 
wriieln ('6: Lower Strip'); 
writeln; 
writeln ('Q : Quit DCC Menu'); 
wi.'-eln; 
writeln (' '); 
writeln; y := wherey; textcolor (14); 
repeat 
window (1, y, 80,24); clrscr; 
write C" > ")'• ch := Readkey; ch := upcase(ch); write (ch); 

until ch in ['M', 'A', 'Q']; 
if ch o 'Q' then 
begin 

if ch = 'M' ihen 
begin 

repeal 
window (1, y, 80,24); clrscr, 
write ('Which DMC do you warn to change ? > •); 
dcc_ch := Readkey; dcc_ch := upcase(dcc_ch); writeln (dcc_ch); 
writeln; 

until dcc_ch in ['A', '1 ' , '2', '3', '4', '5', '6', 'V, 'Q']; 
if dcc_ch o 'Q' then 

begin 
get_detector_mulliplier_constant_settings(tps_stp.dmc_setting, 

tps_stp.dac_setting, 
dcc_ch): 

end 
else 

begin 
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end: 
end: 

if ch = 'A" then 
begin 
repeat 
window (1, y, 80,24); clrscr, 
write ("Which DAC do you want to change ? >"); 
dcc_ch := Readkey; dcc_ch := upcase(dcc_ch); writcln (dcc_ch); 
write In; 

until dcc.ch in ['A'. 1', V, '5'. '6'. 'Q1; 
ifdcc_cho'Q'then 
begin 
get_detector_additive_constant_settings(tps_stp.dmc_setting, 

tps_stp.dac_setting, 
dcc_ch); 

end 
else 

begin 
ch := 'Q'; 

end; 
end; 

end; 
until (ch = 'Q'); 
window (1,1,80,24); tcxtcolor (15); clrscr; 

end; ( procedure dcc_mcnu ) 

end. ( unit tps_dcc ) 

2.13 tps_ctf.pas 

(tps_ctf.pas ] 

unit tps_ctf; 

(SO+) 
(SF+) 

interface 

uses tps_util,tps_glob,DOS,CRT; 

procedure show_ctf_parameters (ctf.setting: ctf_real_column_array); 
procedure gei_detector_cross!alk_factor_settings 

(var ctf_setting: ctf_real_coluron_array; 
ch: char); 

procedure ctf_menu; 
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implementation 

procedure show_ctfjaranieiers (ctf_seuing: ctf_real_column_array): 
var 
wind_y: byte; 

begin {procedure sbow_ctf_parameiers } 
wind_y := Hi(WindMin) + 1; 
window (37,1,80,24): 
clrscr. textcotor (11); 
write flipper Wedge-Strip CT Factor:"); 
writeln (cuf_setting [upper_ctf.ws]:ll:3); 
write (' Upper Wedge-Z CT Factor:'); 
writeln (;tf_setting [upper_ctf, wz]: 11:3): 
write ('Upper Strip-Wedge CT Factor:'); 
writeln (ctf_seiting [upper_ctf, sw]:ll:3); 
write (' Upper Strip-Z CT Factor:'); 
writeln (ctf_setting [upper_ctf, szj: 11:3); 
write (' Upper Z-Wedge CT Factor: ")\ 
writeln (ctf_setring [upper_ctf, zw]:ll:3); 
write C Upper Z-Slrip CT Factor:'); 
writeln (ctf_setting [upper_ctf, zs]:ll:3); 
writcln; 
write ('Lower Wedge-Slrip CT Factor:'); 
writcln (ctf_setting [lower_ctf, wsj:l 1:3); 
write (' Lower Wedge-Z CT Factor:'); 
writeln (ctf_setting [lower_ctf, wz]:ll:3); 
write ('Lower Snip-Wedge CT Factor:'); 
writeln (cif_seuing [lower_ctf, sw]:l 1:3); 
write (' Lower Strip-Z CT Factor:'); 
writeln (ctf_setting [lower_ctf, sz]:l 1:3); 
wr:;e (' Lower Z-Wcdge CT Factor:'); 
writeln (ctf_setting [Iower_ctf, zw]:l 1:3); 
write (' Lower Z-Strip CT Factor:'); 
writeln (ctf_setting [lower_ctf, zs]:l 1:3); 
window (1, wind_y, 80, (wind_y + 1)); 

end; ( procedure show_cif_parameters } 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

procedure get_detector_crosstalk_facior_seuings 
(var ctf_seuing: ctf_real_coIumn_array; 
ch: char); 

var 
y: integer; 

begin ( procedure get_detector_crosstalk_factor_setiings ) 
y := wherey + Hi(WindMin); 
window (1, y, 80, y); 
case ch of 
'U': begin 
if ask_for_real (clf_setiing [upper_ctf. ws], 

'New Upper Detector Wedge-Strip Crosstalk Subtraction Factor:', 
-100.100) then 

begin 

447 



sbow_af_p«rime»ers (ctf_«tint); 
lextcotor {K); 

end: 
if askjbr_real (etf_scaing [upper_ctf, wz], 

' New Upper Detector Wedge-Z Crosstalk Subtraction Factor:". 
-100,100) then 
begin 
show_ctf_parameters (ctf.seuing); 
textcolor (14); 

end; 
if ask_for_rcal (ctfjsetting [upper_ctf. sw], 

"New Upper Detector Slrip-Wedge Crosstalk Subtraction Factor:', 
-100,100) then 
begin 
show_ctf_parameters (cif_setiing); 
textcolor (14); 

end; 
if ask_for_rcal (ctf_setting [upper_ctf, sz], 

' New Upper Detector Strip-Z Crosstalk Subtraction Factor:', 
-100,100) then 

begin 
show_clf_parameters (cu"_setting); 
textcolor (14); 

end; 
if ask_for_real (ctf_setting [uppcr_ctf, zw], 

' New Upper Detector Z-Wedge Crosstalk Subtraction Factor:', 
-100,100) then 

begin 
show_ctf_parameters (ctf_setting); 
textcolor (14); 

end; 
if ask_for_real (ctf_setting [upper_ctf, zs], 

' New Upper Detector Z-Strip Crosstalk Subtraction Factor:', 
-100,100) then 
begin 
show_ctf_parameters (ctf_setting); 
textcolor (14); 

end; 
end; 

T-': begin 
if ask_for_real (ctl'_setting [lower.ctf, ws], 

'New Lower Detector Wedge-Snip Crosstalk Subtraction Factor r', 
-100,100) then 
begin 
show_ctf_parameters (ctf_setting); 
textcolor (14); 

end; 
if ask_for_real (ctf_sctting [lowcr_ctf, wz], 

' New Lower Detector Wedge-Z Crosstalk Subtraction Factor:', 
-100,100) then 
begin 
show_ctf_parametcrs (ctf_setting); 
textcolor (14); 

end; 
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•raskjfor_real {aSjK&nt Oow.ctf, sw], 
"New Lower Detector Strip-Wedje Crosstalk Subtraction Factor:', 

-100,100) then 
befin 
show_ctf.parameters (ctf.setting); 
texicolor (14); 

end; 
if asfc_for_real (ctf_setting [tower.ctf. szj, 

' New Lower Detector Suip-Z Crosstalk Subtraction Factor:', 
-100.100) then 

begin 
show_ctf.parameters (ct/_setting); 
textcolor (14); 

end; 
if ask_for_real (ctf_setling [lower_ctf, zw], 

' New Lower Detector Z-Wedge Crosstalk Subtraction Factor:', 
-100,100) then 
begin 
show_ctf_parameters (ctf.setting); 
textcolor (14); 

end; 
if ask_for_reaI (ctf_setting [Iower_ctf. zs], 

' New Lower Detector Z-Strip Crosstalk Subtraction Factor:', 
-100,100) then 
begin 
show_ctf_parameters (cif_scuing); 
texicolor (14); 

end; 
end; 

end; 
end; [ procedure gel_detector_crossialk_facior_seuings ) 
. * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ] 

procedure ctf_menu; 
var 
ctf_setting: ctf_real_column_array; 
ch, ctf_ch : char; 
y: integer; 

begin | procedure ctf_menu ) 
ctf_setting := tps_stp.ctf_seuing; 
show.ctf.parameters (ctf.sctting); 
repeat 

window (1, 1,36,24); 
clrscr, textcolor (15); 
writeln; writeln; 
writeln CChange the CT Factors On :'); 
writeln; 
writeln; 
wri'.eln ('U: Upper Detector'); 
writeln; 
writeln ("L ; Lower Detector'); 
writeln; 
writeln; 
writeln ('Q: QuitCTF Menu): 
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wmeta; 
wriieln {' *); 
wriidn: y :* wherey: textcolor (14); 
repot 
window (1. y. 80,24): clrscr, 
wrile (•?>*): ch:=Readkey; ch := upcasc(ch); write (ch); 

until ch in rf.'L'.'Q']: 
i fcho'Q'then 
bejin 
|et_detecior_crosstalk_facior_seuings (tps_srp.ctf_seuing, ch); 

end: 
until (ch = 'Q"): 
window (J, 1,80,24); textcolor (15); clrscr, 

end: { procedure cif_menu } 

1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

end. ( unit tps_ctf) 

2.14 tpsjld.pas 

(tpsjld.pas ) 

unit tpsjld; 

{SO+) 
{SF+} 

interface 

uses tps_uciI,tps_glob,DOS,CRT; 

procedure show_Hd_parameters (lld_sctting : tps_im_column_array); 
procedure get_lowcrjevel_discriminaior_scttings 

(var lld_setting ; tps_int_column_array; ch : char); 
procedure sel_up_Onec_ADCs (lld_seuing : tps_int_column_array); 
procedure Hd_menu; 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

implementation 

(SF-) 

(SIcamturbo.v4) 

(SF+) 

I * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

procedure show_lld_parameicrs (lld_setiing : ips_ini_column_array); 
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w 
wind_y:byie; 

begin i procedure show_Ud_parameiers) 
wind_y:* HifWindMin) +1; 
window (37,1.80,24): 
clrscr. texicolor (11); 
withtps_sipdo 

begin 
write (' Upper Wedge Channel:'): 
wriieln (Onec_ADC_channel [wedge_IJ:7); 
write C Upper Strip Channel:'); 
writeln (Ortcc_ADC_channel [strip_l ]:7): 
write C Upper Z Channel:'); 
wriieln (Ortec_ADC_channel (z_l]:7); 
write (' TAC Channel: y. 
writeln (Ortcc_ADC_channel [TAC]:7); 
write (' Lower Wedge Channel:'); 
writeln (Ortec_ADC_channel [wedge_2]:7): 
write C Lower Strip Channel:'); 
writeln (Onec_ADC_channel [strip_2]:7); 
write (' Lower Z Channel:'); 
writeln (Ortec_ADC_channel [z_2]:7); 
writclr.; 

end; 
write (' Upper Wedge LLD Seuing : '); 
writeln (Ild_setting [wedge_l]:7); 
write C Upper Strip LLD Setting : ' ) ; 
writcln (lld_setting [strip_ll:7); 
write (' Upper Z LLD Setting : ' ) ; 
writeln (Ild_sctting [z_l];7); 
write (' TAC LLD Setting:'); 
writeln (lld_seiting [TAC]:7); 
write (' Lower Wedge LLD Setting : '); 
writeln (I!d_setu'ng [wedge_2]:7); 
write (' Lower Strip LLD Selling : '); 
wriieln (lld_seiting i;*rip_2]:7); 
write (' Lower Z LLD Seuing ; '); 
writeln (lld_setting [z_2]:7); 
window (1, wind_y, 80, (wind_y ••• 1)); 

end; ( procedure show_lld_parameters ) 

1 *»««*»»******»«*»*««*****«***•*»*«****» *** ************ ***************** 1 

procedure gct_lowerJevel_discriminaior_setiings 
(var l!d_seiting : tps_int_column_array; ch : char): 

var 
y, new_setting, detector_elcment: integer; 

begin ( procedure. gcUower_lcvcl_discriminator_$eitings ) 
case ch of 

'A'; begin 
y := wherey + Hi(WindMin); 
window ( 1 y, 80, y); 
if ask_for Jnieger (new_seiling, 

'New Lo»«er Level Discriminator Sellings [mV]:', 0, 512) then 
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begin 
for deiector.element := wedfe.l to z_2 do 

bejin 
Ud_seuin| Idcteoor.elenwnt] := newseuing: 

end; 
showjldjjarameters (lld_setung): 
textcolor (14); 

end: 
end: 

' 1 ' : begin 
if «sk_Ibr_imeger Qld_seuing [wedge_lj, 

'New Upper Wedge Lower Level Discriminator Selling [m V): ' , 0,512) then 
showjld jjarameters (lld_seuing): 

eid; 
2' - begin 
if ask_for_integer (lld_sctting [strip_l], 

'New Upper Strip Lower Level Discriminator Setting [mV]:', 0,512) then 
show_lld_parameters (lld_setting): 

end; 
' 3 ' : begin 

if ask_for_integer (lld_setting [z_l], 
' New Upper Z Lower Level Discriminator Seuing [mV\:', 0,512) then 

show_lld_parameters (IId_setting); 
end; 

'4 ' : begin 
if ask_for_integer (lld_seuing [TAC], 

New TAC Lower Level Discriminator Seuing [mV]:' , 0,512) then 
show_lld_parameters (lld_setting); 

end; 
' 5 ' : begin 

if ask_for_inieger (lld_setiing [wedge_2), 
'New Lower Wedge Lower Level Discriminator Setting [mV]:', 0,512) then 

show_lld_paramcters (!ld_setting); 
end; 

'6 ' : begin 
if ask_for_integer (lld_setting [strip_2], 

'.̂ rew Lower Slrip Lower Level Discriminator Setting [m V] : ' , 0,512) then 
show_lld_parametcrs (lld_setting); 

end; 
'7 ' : begin 

if ask_fcr_integer (l!d_seiling (z_2], 
' New Lower Z Lower Level Discriminator Setting [mV]:', 0,512) then 

show_lld_parameters(Ild_seuing); 
end; 

end; 
end ( procedure get_lowerjevel_discriminator_settings); 

procedure set_up_Ortec_ADCs (lld_setting ; tps_int_column_array); 
var 
deiector_elcment: integer; 

begin 
CAMCL (dataway_z); 
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CAMCL{diuwty_i): 
CAMO (Onec_ADC_l, wriie.coniroLregisier. cotmol_rcgisier_l_locaijoti, 

coniroi_reeisier_l_Ori«:_I. Q. X): 
CAMO (Onec_ADC_l. write_cor.lrol_register. controi_regia£r_2_location. 

conlrol_rcgiaer_2. Q, X); 
CAMO (Onec_ADC_2, write_control_register, control_registcr_ljocaiion, 

control_regisier_l_Onec_2, Q, X): 
CAMO (Onec_ADC_2, wriic_coniroI_register, comrol_register_2_location, 

comrol_registcr_2, Q, X): 

for detector_elcment := wedgc_l to z_2 do 
begin 
lld_scuing [dctcctor_element] := lld_seuing [detector_eIement] div 2; 

end: 

CAMO (Ortcc_ADC_l, write_lld_seu.ing, wedge J ..channel, 
Hd_setiing [wedge_l], Q, X); 

CAMO (Ortec_ADC_l, wriie_lld_seuing, strip_l .channel, 
lld_setting [strip_l], Q, X); 

CAMO (Ortec_ADC_I, writcjld_setting, z_l_channel, 
1td_seuing[z_l],Q,X); 

CAMO (Onec_ADC_l, wrile_lld_seuing, TAC_channel, 
lld.setting [TAC], Q. X); 

CAMO (Ortec_ADC_2, wriie_lld_seiting, wedge_2_channel, 
lld_seuing [wedge_2], Q, X): 

CAMO (Ortcc_ADC_2, write_lld_setting, sLrip_2_channel, 
lld_selting [so-ip_2], Q, X); 

CAMO (Ortcc_ADC_2, writc_lld_setling, z_2_channel, 
lld_setling[z_2],Q,X); 

end; 

procedure lld_menu; 
var 

lld_setting: tps_int_column_array; 
ch: char; 
y : integer; 

begin ( procedure lld_menu ) 
Ud_seuing := tps_stp.lld_seuing; 
show_lld_parameters(lld_sci.ing); 
repeat 

window (1, 1, 36, 24); 
ciisrr; textcoIor(15); 
writeln ('Change die LLD Selling On : ' ) ; 
wrileln; 
writeln ('A : All Channels'); 
writeln; 
writeln ( '1; Upper Wedge'); 
writeln ('2 : Upper Strip'); 
writeln ('3 : Upper Z'); 
writeln ('4 ; TAC); 
writcln ('5: Lower Wedge'); 
writeln C6: Lower Strip); 
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wrileln ( 7 : Lower £); 
wrileln; 
wrileln CQ: Quit LLD Menu"); 
wrileln; 
writeln C "); 
writeln: y := wherey; iexicolor(14): 
lepeu 
window (1, y. 80,24); clrscr, 
write C?>'); ch:=RcEdkey; ch := upcase(ch); writeln (ch); 
writeln; 

until ch in ['A', T . '2\ T , '4', '5'. '6\ T, 'Q']; 
i fcho'Q'then 
begin 

get_lower_level_dUcriminator_settings (tps_stp.Ild_seiu'ng, ch); 
set_up_Ortec_ADCs(tps_stp.lld_setting); 

end; 
until (ch = 'Q'); 
window (1,1,80,24); textcolor (15); clrscr; 

end; [ procedure Hd_menu ) 

f * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

end. ( unit ipsjld J 

2.15 tps_swd.pas 

{tps_swd.pas 

unit tps_swd; 

( S O ) 
(SF+) 

interface 

uses tps_util,tps_glob,DOS,CRT; 

procedure show_swd_parametcrs (swd_setting : swd_int_column_array); 
procedure get_softwarc_discriminator_sem'ngs 

(var swd_retting: swd_int_column_array; ch : char); 
procedure swd_menu; 

r * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ] 

implementation 

(SF-) 

{SI cam turbo. v4) 

(SF+) 

454 



[ 

procedure show_swd^parameters (swd.sctting: swd_int_column_array); 
var 
wind_y: byte; 

begin (procedure show_swd_parameters ) 
wind_y := Hi(WindMin) + I; 
window (37,1,80,24); 
clrscr, texlcolor(l 1); 
with tps_stp do 

begin 
write C Upper Wedge Channel:'); 
writcln (Onee_ADC_channel [wedge_l):7); 
write (' Upper Strip Channel: y, 
writeln (Ortec_ADC_channeI [strip_l]:7); 
write (' Upper Z Channel: y, 
writeln (Ortec_ADC_channel [z_l]:7); 
write (' TAC Channel: y. 
writeln (.Ortec_ADC_channel [TAC]:7); 
write (' Lower Wedge Channel:'); 
writcln (Onec_ADC_channel [wedge_2]:7); 
write (' Lower Strip Channel:'); 
writeln (Ortec_ADC_channel [strip_2):7); 
write (' Lower Z Channel:'); 
writeln (Ortec_ADC_channel (z_2]:7); 

end; 
write (' Upper Wedge Upper SWD Setting : '); 
writeln (swd_setting [wedge_l, upper]:7); 
write (' Upper Strip Upper SWD Setting:'): 
writeln (swd_setting [strip_l, upper]:7); 
write (' Upper Z Upper SWD Setting : '); 
writeln (swd_setting [z_l, upper]:7); 
write (' TAC Upper SWD Setting : '); 
writeln (swd_setling [TAC, upper]:7); 
write (' Lower Wedge Upper SWD Setting; ); 
writeln (swd_seuing [wedge_2, upper]:7); 
write (' Lower Strip Upper SWD Setting : '); 
writeln (swd^setting [strip_2, upper] -7); 
write (' Lower Z Upper SWD Seti g : '); 
writcln (swd_setting [z_2, upper]:7); 
write (' Upper Wedge Lower SWD Selling : '); 
writcln (swd_setting [wcdge_l, lower]:7); 
write (' Upper Strip Lower SWD Setting : '); 
writeln (swd_setting [strip _', !ower]:7); 
write (' Upper Z Lower SWD Selling ; '); 
writeln (swd_setting [z_l, lower[:7); 
write (' TAC Lower SWD Setting : ' ) ; 
writeln (swd„setting [TAC, lower]:7); 
write C Lower Wedge Lower SWD Setting:'); 
writeln (swd_setting [wedge_2, lower):7); 
write C Lower Strip Lower SWD Setting:'); 
writeln (swd_scuwg [strip_2, lower]:7); 
write (' Lower Z Lower SWD Setti.ig ; ' ) ; 
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wriieta (jwd_jetting [z_2, lowerJ:7); 
window (I. wind jr, 80, {wind_y +1)); 

end; ( procedure sbow_swd_parameiers J 

[.„.....„...,.....,...........-.,..»...,.....................„... . , 

procedure ge[_sof(ware_discriminau>r_scuings 
(var swd_seuing : swd_int_column_array; ch: char); 

var 
y. new_seuing, detecior_eIement: integer; 

begin {procedure get_software_discriminaior_scuings ) 
y := wherey + Hi(WindMin); 
window ( l , y , 80, y); 
case ch of 

U : begin 
if ask_for_imeger (new_seuing, 

'New Software Upper Discriminator Settings [ADC Channels]:' 
, 0,8064) then 
begin 
for detcctor_element := wedge_l lo z_2 do 

begin 
swd_setting [detector_element, upper] := new_sctting; 

end: 
show _swd_parameiers (swd_setting); 
tex:>;olor(14); 

end; 
end; 

V: begin 
if ask_for_imcger (ncw_si'ting, 

'New Software Lower Discriminator Settings [ADC Channels]:', 
0,8064) then 

begin 
for dctector_element := wedge_l to z_2 do 

begin 
swd_setting [dctector_elcment, lower] := new_setting; 

end; 
show_swd_parameters (swd_setting); 
textcolor (14); 

end; 
end; 

T : begin 
if ask_for_inlegei ;;wd_setting [wcdgc_l, upper), 

'New Upper Wedge Software Upper Discriminator Seuing [ADC Channels]:', 
0,8064)then 

begin 
show_swd_parameters (swd_setling); 
textcolor (14); 

end: 
if ask_for_integer (swd_setting [wedge. 1, lower], 

'New Upper Wedge Software Lower Discriminator Seuing [ADC Cha'.nels]:', 0,8064) then 
show_swd_parameters (swd_setling); 

end; 
1': begin 
if ask_for_iniegcr (swd_seuing [strip_l, upper]. 
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"New Upper Wedfe Software Upper Discriminator Setting [ADC Channels]:', 
0.8064) then 

begin 
show_swd_parameters (swd_setting); 
textcolor (14); 

end: 
if ask_for_inieger (swd.setling [strip_l,lower], 

'New Upper Wedge Sofiware Lower Discriminator Setting [ADC Channels]:', 0,8064) then 
show_swd_parameters (swd_seiting); 

end; 
' 3 ' : begin 
if ask_for_integer (swd_scuing [z_l, upper], 

New Upper Wedge Software Upper Discriminator Setting [ADC Channels]:', 
0,8064) then 

begin 
show_swd_parameters (swd_setting); 
textcolor (14); 

end; 
if ask_for_integcr (swd_setling [z_l, lower], 

'New Upper Wedge Software Lower Discriminator Setting [ADC Channels]:', 0,8064) then 
show_swd_parameters (swd_setling); 

end; 
'4 ' : begin 
if ask_for_integer (swd_setting [TAC, upper], 

'New Upper Wedge Software Upper Discriminator Setting [ADC Channels]:', 
0,8064) then 
begin 
show_swd_parameiers(swd_setting); 
textcolor (14); 

end: 
if ask_for_integer (swd_seuing [TAC, lower], 

'New Upper Wedge Software Lower Discriminator Setting [ADC Channels]:', 0,8064) then 
show_swd_parameters (swd_setting); 

end; 
'5 ' : begin 
if ask_for_integcr (swd_setiing [wedge_2, upper], 

'New Upper Wedge Software Upper Discriminator Setting [ADC Channels):', 
0,8064) then 

begin 
show_swd_parametcrs (swd_setting); 
textcolor (14); 

end; 
if ask_for_intcger (swdjctling [wedge_2, lower], 

'New Upper Wedge Software Lower Discriminator Setting [ADC Channels]:', 0,8064) then 
show_swd_parameters (swd_setling); 

end; 
'6 ' : begin 
if ask_for.integer (swd_setting [strip_2, upper]. 

New Upper Wedge Software Upper Discriminator Setting [ADC Channels]:', 
0, 8064) then 

begin 
show_swd_parameters (swd_sctting); 
textcolor (14); 

end; 
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if ask_for_ime(er ($wd_jetting fstrip_2. lower], 
"New Upper Wedge Software Lower Discriminator Selling (ADC Channels]:'. 0,8064) then 

show_swdjararoeters (swd_seiting): 
end: 

T : begin 
if ask_for_imeger (swd.seuing (z_2. upper], 

'New Upper Wedge Software Upper Discriminator Setting (ADC Channels]:'. 
J. 8064) then 
begin 

show_swd_parameiers (swd_setting); 
texicolor (14); 

end: 
if ask_for_inieger (swd_selting [z_2, lower], 

'New Upper Wedge Software Lower Discriminator Selling [ADC Channels]:', 0,8064) then 
show_swd_parameters (swd_setting); 

end; 
end; 

end [ procedure get_software_discriniinator_scttings ); 

procedure swdjnenu; 
-ar 
swd_setting: swd_int_column_array; 
ch: char; 
y : integer; 

begin { procedure swd_menu ) 
swd_setling := tps_sip.swd_setling; 
show_swd_parameiers (swd_seuing); 
repeat 
window (1,1,36,24); 
clrscr, textcolor (15); 
writeln; 
writeln ('Change the SWD Settings On : '); 
writeln; 
writeln; 
writeln ("U : All Upper SWD Levels'); 
writeln; 
writeln ('L: AH Lower SWD Levels'); 
writeln; 
writeln; 
writeln CI: Upper Wedge); 
writeln C2 : Upper Strip'); 
writeln ( 3 : Upper Z'); 
writeln ('4 : TA•".'); 
writeln ('5 :1 ••wer Wedge); 
writeln C6: i-ower Strip'): 
writeln ( 7 : Lower Z'): 
writeln; 
wriieln: 
writeln fQ : Quit SWD Menu'); 
writeln; 
writelnC '): 
writein; y := wherey; textcolor (14): 
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repeat 
window (1, y. 80,24); clrscr, 
wriie C? >'); ch := Readkey; ch := upcase(ch); writeln (ch); 
writeln: 

uniil ch in [V, 'L'. '1', '2', '3\ '4', 5'. '6\ T . 'Q']; 
if ch <> 'Q' Ihen 
begin 
get_soflware_discriminator_settings (tps_stp.swd_setiing, ch); 

end; 
until (ch = 'Q'); 
window (1,1,80,24); textcolor (15): clrscr; 

end; ( procedure swd^menu ] 

end. { unit tps_swd ) 
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