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ABSTRACT

We report the status of the programs and projects of the Electronics Di-
vision for the period July through December 1978. The presentation is divided
into three sections: Research, Engineering Support, and Technical Services.
Each of these sections presents the activities and accomplishments of the cor-
responding branch within the Division. The primary goal of the Research and
Development branch is to advance technology for future applications. The pri-
mary goal of the Engineering Support branch is to apply advanced technology to
Laboratory and material problems. The primary goal of the Technical Services
branch is to provide a technical base and support for Laboratory programs.
These goals are reflected in this report.

I. RESEARCH, P. W. KEATON, DIVISION LEADER

A. Solid-State Electronics [Ahrenkiel, E-10]

1. Introduction. Group E-10 performs basic

and developmental research on a variety of solid-

state devices. The work is primarily directed to-

ward the development of high-speed electronics and

radiation detection. It is applicable to a variety

of programs including weapons, nuclear physics, la-

ser fusion, geothermal, solar power, high-energy

physics, nuclear medicine, and nuclear safeguards.

2. Onsets of the Electron-Hole Droplet Lumi-

nescence in Silicon [Hammond, E-10; Silver, T-ll],

The nucleation kinetics of electron-hole droplets

(EHD) from a free-exciton (FE) gas in semiconductors

has been of considerable interest both theoretically

and experimentally. The EHD provide a unique test

of nucleation kinetics because of new phenomena

predicted due to the finite lifetimes of the con-

densing particles. As in ordinary liquid-gas tran-

sitions, there are two threshold gas densities at

each temperature. A coexistence line separates the

lower densities where the liquid is unstable from

the higher densities where the liquid is stable.

At higher densities than the coexistence line, a

supersaturation line, or "onset line," separates

densities where nucleation is too slow to be ob-

served from the densities where nucleation can be

measured. The effects of finite lifetime on these

thresholds are to raise the thresholds above the

infinite lifetime limit, to make them weakly tem-

perature-dependent at low temperatures, and to cause

the coexistence line and supersaturation line to

merge at low temperatures. These predictions and

others, such as stable droplet sizes, have been

successfully tested for EHD in unstrained germanium.

However, other materials where EHD have been ob-

served (silicon, gallium phosphide, cadmium sulfide,

cadmium selenide, silicon carbide, silver bromide)

will provide more stringent tests of the theory be-

cause the EHD in these materials have more than 2

orders of magnitude shorter lifetimes than in ger-

manium. We have done detailed measurements of the
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onsets for EHD formation in silicon, and we have

shown that they are in agreement with finite life-

time nucleation kinetics.

Our experimental conditions were chosen to

minimize the effects of both the temperature varia-

tion of the FE lifetime and of FE diffusion. The

FE lifetimes increase from ~ 1 ps at 4 K up to

- 5 0 us at 12-18 K. The EHD lifetime was 165

± 10 ns and temperature independent for T < 19 K.

The EHD onsets were observed with pulse-excitation

parameters, which insured that the FE density was

proportional to laser power to within < 10%. The

laser-excitation pulse length was 300 ns, the repe-

tition period was 100 us, and the photon counter was

gated to count only during the laser pulse. Thus,

the FE did not decay significantly during a single

pulse but decayed almost completely between pulses.

The effect of FE diffusion during a single pulse was

minimized by the long absorption length of ~ 50 urn

in silicon of the 8505-A excitation radiation from

the gallium-arsenide laser.

In order to determine onsets, the intensities

of silicon luminescence at 1.0960 eV and 1.0806 eV

were measured as a function of laser intensity.

These energies are the peak positions of the strong

FE and EHD recombination luminescence. Onsets were

determined by two methods. Below 8.3 K the lumi-

nescence at 1.0806 eV was observed to rise linearly

with laser power above onset. Thus, linear extrap-

olation to zero intensity as shown in Fig. 1 deter-

mined the onset laser intensity. Above 7.3 K a weak

FE background appeared at 1.0806 eV. At these tem-

peratures the ratio of intensities at 1.0806 eV and

1.0969 eV is constant below onset and is observed

to rise linearly above the onset as shown in Fig.

2. The onsets were measured at 17 temperatures from

2.5 K to 19.3 K.

Figure 3 shows the measured onsets as a func-

tion of V T . Above 11 K the data can be fit to the

form I t h ~ T"' expf-^/T) expected for an infinite

lifetime phase diagram as shown by the solid line.

However, the yielded value of $„ = 44 K ± 10 K is

well below the spectroscopic value of $ = 95 K.

This is somewhat analogous to germanium where de-

terminations of work functions from onset measure-

ments (typically 16-17 K) are consistently below

spectroscopic values (~ 22 K ) .

0 0.5

LASER INTENSITY (REL. UNITS)

Fig. 1. The luminescence intensity at 1.0806 eV is
plotted vs laser pump intensity for 2.5 K.
The linear extrapolation to zero intensity
yields the laser intensity of the onset of
the EHD luminescence.

Figure 4 shows our results (circles) plotted

vs T. The normalization of our measured onset la-

ser intensities to FE densities is determined by

comparison to finite lifetime nucleation kinetics.

Shown as the dotted line is the infinite lifetime

coexistence line using the spectroscopic work func-

tions. Even apart from normalization it is apparent

that with decreasing temperature the measured onsets

LASER INTENSITY (REL. UNITS)

Fig. 2. The ratio of luminescence intensities at
1.0806 eV and 1.0969 eV is plotted vs la-
ser pump intensity for 13.2 K and 16.3 K.
The horizontal line is the value of the
ratio when only FE are present. The linear
extrapolation to the FE ratio yields the
laser intensity of the onse* of the EHD
luminescence.
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THERMODYNAMIC WORK FUNCTION FOR EHD IN SILICON

Fig. 3. The EHD luminescence onsets are plotted vs
T-l. The solid line is a best fi "

-T3/2 exp(-
The solid line is a best fit of the

high T data to I t n - 1
" = 44 K.

The
fit yields *,

in silicon depart increasingly from the dotted line
and become temperature independent at low tempera-
ture as theoretically expected. The variable param-
eters are the surface tension S and the sticking
fraction Y. We find that fits can be obtained only
for S <1.1 x 10~2erg/cmZ and for Y <0.05. The
fits shown in Fig. 4 take the theoretical value
S = 8.75 x 10"3erg/cm2 and y = 0.037, which is bare-
ly within the range of ordinary liquid-gas transi-
tions. Fits could be obtained for arbitrarily small
S provided S/y is fixed at 8.3 x N T 2 for S < 5
x 10"3. At S < 5 x 10"3 the onset line is merged
with the coexistence line, which depends only on
the ratio S/y. These low values of S and T could
be ruled out by the observation of measurable hys-
teresis.

Previous successful fits to EHD nucleation in
germanium assumed a sticking fraction of 1. For
silicon the small sticking fraction may be a phe-
nomenological description of other physical phenom-
ena not included in the model. The very much fast-
er Auge -dominated EHD recombination in silicon

produces a relatively high flux of nonequilibrium
phonons emanating from a droplet. Interaction of
excitons with these phonons could decrease their
probability of capture at the droplet surface.

In summary, we have measured the onsets for the
nucleation of EHD in silicon and have shown them to
be in agreement with finit: lifetime nucleation
kinetics. All of the qualitative phenomena pre-
dicted have been observed. Our fits determine a
surface tension ^l.l x io"2erg/cm? consistent with
theoretical estimates and a sticking fraction <0.05
within the range of other liquid gas transitions.
Our results suggest that finite lifetime nucleation
kinetics will be an applicable theory to EHD forma-
tion in other semiconductors.

0.0

Fig. 4.

4.0 8.0 12.0

T(K)

THRESHOLDS IN SILICON

16.0 20.0

Our data (circles) are plotted vs T. The
solid line is a best fit of our onset data
to the finite lifetime nucleation theory.
Th£ dashed line is the predicted coexis-
tence line. ,Ue assume a surface tension
of 8.75 x lO'^erg/cm^ and sticking fraction
0.037. The dotted line is the infinite
lifetime prediction for the coexistense
line.



3. Superconducting Josephson Digital Elec-
tronics [Hang, E-IOJ.

a. Background. Ultrahigh-speed (13 ps)

switching gates with extremely low-power dissipation

(~ 2 uW/gate) based on Josephson junctions have re-

cently been demonstrated at I"5M. Consequently, a

program for high-speed instrumentation designed to

meet specific needs at Los Alamos Scientific Labor-

atory (LASL) was initiated.

b. Current Activities. Recently, a high-vacu-

um pumping system and a four-hearth electron beam

gun were obtained. The vacuum system was installed

and tested with the base pressure of less than

1.3 x 10"7 Pa (1 x 10"9 torr). The electron beam

system with the proper mechanical drive was in-

stalled. An elaborate fixture for substrates,

masks, and the shutter was designed. This fixture

will allow arbitrary combination of any one of six

different masks to be used with any one of six sets

of substrates without breaking the vacuum. Three

thermal evaporation boats are being incorporated

into the system for either sequential evaporation

of seven different materials or coevaporation of

twelve different combinations of materials. Servo-

contrclled heaters were assembled for outgassing the

vacuum system and maintaining substrate temperature

up to at least 500 °C.

The feasibility of using materials other than

the conventional Nb;)O5 as the tunneling barrier for

niobium-based Jcsephson junctions was investigated.

Si3N^, Al2O3 and hydrogenated silicon are promising

candidates in terms of their mechanical and elec-

trical properties for high-speed switching. Prepa-

rations of these barrier materials will be made when

the system is completely assembled.

c. Future Efforts. The existing power supply

to the electron beam system will be modified to

power the turret electron source. Direct current

glow discharges will be used for cleaning the sub-

strate and electrodes before depositions are made.

A precision automatic gas flow control system to-

gether with rf discharge will be designed and in-

stalled to facilitate control of the barrier forma-

tion. The rf amplifier, the gas flow control sys-

tem, and the thermal evaporation power supply should

be delivered in the next 2 months.

4. Spin-Glass-Like Phase in Reentrant Magnet-

ic Superconductors [Wang, E-10; Kohn, Huang, Q-10;

Smith, CMB-5].

a. Introduction. The study of competing me-

chanisms between magnetic ordering and superconduc-

tivity has been of -onsiderable interest. We have

investigated the interaction between these two op-

posing mechanisms for ordering in the reentrant mag-

netic superconductor GdxErj Rh^B^. Measurements ot

the low-field ac susceptibility on these pseudoter-

nary compounds for x between 0 and 1 have revealed

three different concentration regimes:

• A high-temperature superconducting phase

followed by a low-temperature ferromagnetic transi-

tion and loss of superconductivity for x < 0.26.

• A direct paramagnetic to ferromagnetic tran-

sition for x > 0.28.

• A phase similar in certain respects to that

observed in spin glass for x - 0.28.

A discussion on the nature of the reentrant

magnetic superconductivity in these compounds was

recently presented. Here we report our results

on ac susceptibility measurements for samples with

x — xc, where xc is the critical concentration at

which the superconducting transition temperature T

and the ferromagnetic ordering temperature T_ coin-

cide. Many observed features are similar to the

characteristics of a spin-glass system.

b. Experimental Results and Discussions. The

samples were prepared following the method employed

by Fertig, et al. The susceptibility was measured

at a typical frequency of 400 Hz and a driving field

of the order of 10"2 Oe.

For x — 0.28 the ferromagnetic exchange inter-

action competes with superconductivity. - analo-

gous phase with peculiar ac susceptibility and re-

sistance behavior occurs near the critical concen-

tration.
In Fig. 5 the salient features are:

• The sample is not superconducting down to

0.6 K.

• In the absence of externally applied static

magnetic field H, a pronounced maximum in the ac

X(T) and a minimum in R(T) are observed near 2.4 K

and 2.6 K, respectively.

•With a small magnetic field (H2=10 20e),

the extrema in both x(T) and R(T) are depressed

and rounded with corresponding shifts in the
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Fig. 5. Magnetic field and temperature dependencies
of ac susceptibility y. and resistance R for
Gd0.28Er0.?2Rn4B4-

temperatures at which these extrema occur. With

increasing fields, there is a displacement of the

susceptibility peak (To) temperature towards lower

temperatures, and a second smaller susceptibility

bump begins to appear at increasingly high tempera-

tures.

The temperature and field dependencies of the

magnetic susceptibility in GdQ 2gErQ 72^464 exhibit

striking similarities tu that observed in a spin

glass. In the absence of an external field H = Cl,

we have a sharp peak in x(T) at TQ. Small external

fields { ~10 - 10 Oe) round the maximum in x anil

shift T Q to lower temperatures. In a spin glass

the field hinders the occurrence of the spin gla;s

transition and hence depresses the "frizzing tem-

perature," Tf. By spin glass, we mean that as the

temperature is lowered in the absence of an external

magnetic field, impurity spins become locked in

random directions with no net macroscopic movements

and there is no long-range magnetic order. The

freezing occurs at a well-defined temperature T f.

For values of x < xc, a paramagnetic •*• super-

conducting •*• ferromagnetic transition occurs. For

x > xc these pseudoternary compounds change from

paramagnetic to ferromagnetic ordering directly

without any intervening superconducting or spin

glass-like regime. For x near xc the ordering

energies of the two opposing mechanisms present in

the system nearly balance each other and result in

the mixed regime lying between the two limits.

There might be two different transitions very close

to each other, resulting in a sharp peak of (T) in

the absence of field. With finite fields the ap-

pearance of the second susceptibility bump at a

temperature higher than T Q may imply a ferromag-

netic transition. An external field is favorable

for ferromagnetism and would enhance the ferromag-

netic transition temperature, but it depresses the

spin-glass freezing temperature.

For a spin glass, the order parameter q(T) is

defined as the spatial average of the square of the

thermally averaged local moment. From the tempera-

ture dependence of the inverse susceptibility, the

order parameter can be extracted. The experimental

results are given in Fig. 6 by the solid dots,

whereas the solid curve is a fit of q(T)a (Tf - T)

with B = 0.97 ± 0.03. Excellent agreement of our

data with the mean field prediction (6 = 1) was

obtained.

At present most spin-glass systems are composed

of 3d-magnetic solutes with locally random competi-

tion between antiferromagnetism and ferromagnetic

ordering. The rare earth 4f wave functions are

highly localized, and the indirect exchange inter-

action mediated by conduction electrons is much

weaker. In the reentrant magnecic superconductor

one may ask whether spin-glass phase may be caused

by competition between superconductivity and ferro-

magnetism. More work needs to be performed in order

to characterize the spin-glass-like phase observed

in Gdo.28
ErO.72Rh4B4-

5. P.yroelectric Detectors [Stotlar, E-10;

Gibbs, E-2]. An effort to develop fast pyroelectric

detectors with high-damage thresholds for the LASL

high-energy laser program has been under way since
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Fig. 6. Temperature dependence of the spin glass
order parameter q(T). The solid curve is a
fit of q cc (Tf - T)B with e = 0.97 ± 0.03.
The spin glass freezing temperature Tf was
taken to be the temperature of susceptibil-
ity cusp To. Mean field theory predicts
6 = 1.

June 1978. A pyroelectric detector is a thermal

sensor where the electrical signal is proportional

to a change in temperature. Some of the materials

that will be investigated under this program are

strontium barium niobate (SBN), lithium tantalate

(LiTaO^), lithium niobate (L:NbO-j), lanthanum-doped

lead zirconate (PLZT), and polyvinyl fluoride films

(PVF, PVF2).

Strontium barium niobate with a strontium-to-

barium ratio of 1 (50/50 SBN) was obtained from

Crystal Technology, Inc., and Harshaw Chemical Com-

pany. Preliminary bulk measurements of the Curie

temperature and pyroelectric coefficient were per-

formed. The Curie temperature is measured by plot-

ting the capacitance or dielectric constant as a

function of temperature. The temperature at which

a phase transition occurs (as shown by a maximum

value of e } is called the Curie temperature. The

pyroelectric coefficient is measured by monitoring

the current across the detector as a function of

temperature for a linear heating rate. The electric

field must be held constant during the measurement,

but need not be zero. For constant stress and

electric field the current generated will be

(1)

where I is the pyroelectric current, A the electrode

area, Q the charge, and d /dt the change in tempera-

ture with respect to time (constant). Then the py-

roelectric coefficient p is

n ! dt
p - A de

(2)

For these measurements, the Crystal Technology ma-

terial had a dielectric constant (e = cn/t0A where C

is the capacitance, I the electrode separation, and

E 0 the permittivity of free space) one-third higher

than the Harshaw material, half the pyroelectric

coefficient, and a Curie temperature curve with

several maxima. The material appeared to be a mix-

ture of different stoichiometric ratios.

The first investigation under this program was

the proper mount and mounting techniques for a fast

pyroelectric detector. A rugged, easily available,

easy to use package is the goal. Detectors were

built in connector packages to reduce the number of

interfaces between the chip and the 5-GHz oscillo-

scope, which was designed by Group J-14 and built

by Group E-2. The connectors used included SMA to

BNC, type SMA to N, BNC to BNC, and type N to type

N. Using the time domain reflectometer (TDR) to

evaluate the fall time of the detectors, the SMA to

BNC connector provides the best package for very

fast pyroelectric detectors to follow 100-ps pulses.

A fast detector was designed as shown in Fig.

7. This device was compared with a Molectron P5-00

SBN pyroelectric detector in following nominally

100-ps C02 laser pulses (see Fig. 8). The Molec-

tron detector was measured before and after remount-

ing in the LASL package. The full width at half

maximum (FWHM) improved from 184 ps to 169 ps, and

the ringing on the tail was eliminated. The LASL

detector in combination with the oscilloscope and

the pulse had a FWHM of 150 ps.

The fall time of the detector, as determined

from TDR results, was 31 ps (2.2 RC), indicating a

stray capacitance of 0.14 pF. The risetime of the

detector, inductance limited, was less than 15 ps.

These are the fastest measurements of any pyroelec-

tric detector reported to date.

The next phase of this program will be to

measure the damage threshold of various pyroelectric

materials for single and multiple pulses.
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Fig. 7. Schematic drawing detailing a fast detec-
tor.

6. Alternating Current Josephson Effect in

NSN Junctions [Wang, E-10].

a. Introduction. In 1962 Josephson predicted

that a supercurrent would flow through an insulating

barrier between two superconductors (SIS). As a

result of the interference between two macroscopic

quantum states associated with the two superconduc-

tors, the current would be dc at zero voltage dif-

LJ
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/1
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Al\%
h

\
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P5-00 DETECTOR
FWHM I84ps

REMOUNTED
DETECTOR
FWHM I69ps

LASL DETECTOR
FWHM l5Ops

1 ' 1 1 ! 1

TIME (lOOps/DIV)

Fig. 8. Comparison of detector responses.

ference across the two superconductors, but ac

otherwise. Nearly all of Josephson's predictions

have been experimentally verified. The Josephson

phenomena are not unique to tunnel junctions, but

are known experimentally to occur in other weakly

coupled superconductors including superconductor-

normal metal-superconductor (SNS) structures.

It is important and interesting to understand

how generalized the concept of quantum interference

is. Experiments by D. W. Palmer on superconductor-

normal metal (SN) interface suggested the existence

of a modified form of quantum interference from the

rf-induced step structures in the current-voltage

(I-V) characteristics. In the present work,

well-defined planar normal-superconducting normal-

metal junctions (NSN) were examined for evidence of

quantum interference. Critical current and rf-in-

duced step structures were found in the I-V charac-

teristics. The similarity of these characteri. cs

to those of SNS bridges suggests that ac Josephson

or quantum interference effect can exict in NSN ge-

ometry.

b. Results. Planar NSN bridges were fabricat-

ed at California Institute of Technology. Through

proximity effect, as shown in Fig. 9, the bridge

(length, I, and width, W) region has a higher sjper-

conducting transition temperature, T', than that

of the "normal" banks (T ) made from composites

of normal (N) and superconducting (N) films. As an

example, in the upper insert of Fig. 9, 400 A of Ta

film was evaporated on top of 200 A of W film with

I = 0.7 vm, W = 18 urn and thickness difference be-

tween the bridge and the adjacent depressed banks

about 300 A. This NSN bridge showed a transition

temperature in the bridge T^ = 3.3 K and in the

"normal" region T c = 2.22 K (Fig. 9).

Application of low-power rf radiation (0.1-10

GHz) resulted in step structures above the critical

current. The modulation of the differential resis-

tance at the step voltage involved only the resis-

tance at the bridge region 0.015 fi in the example

shown in Fig. 10 and not the series resistance

(0.50 n in Fig. 10) associated with the adjacent

normal banks. A critical current of 2.3 mA was

determined by four terminal measurements at 3.08 K

in the absence of rf radiation (Fig. 10a). When the

bridge was irradiated with microwaves at a frequency

of f = 10 GHz, harmonics and subharmonics of the
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Temper-Hre dependence of the differential
resistance of a particular NSN bridge with
the configuration snown in the upper in-
sert. The bridge is made of 400 A of tan-
tulum film on top of 200 A tungsten normal
film. The length of the bridge, a, in the
current flowiirg direction is 0.7 um, the
width 18 :jm, the depressed "normal" bank
(N) regions 300 A. Superconducting tran-
sition temperature Tc of the bridge, S,
is 3.3 K and that of the bank, N, 1.22 K.
The normal resistance of the bridge (about
0.015 '') is in series with that of N re-
gions (0.5 V.).

fundamental voltage V = hf/Ze (Josephson frequency-

voltage relation) were observed where h is Planck's

constant and e is the electron charge (2e/h ~ 484

GHz/mV). The modulation of the critical current and

step widths with rf power closely resembled the

Bessel function dependence seen in the usual SNS or

SIS junctions.

The effect of rf irradiation at 900 MHz is

shown in Fig. 10c with the higher harmonics up to

n = 4 identified (V = nhf/Ze). Experimental veri-

fications on other geometries of NSN bridges are

under way. A theoretical analysis of this unusual

phenomenon is being developed.

7_. III-V Compound Semiconductors [Ahrenkiel,

Dunlavy, Hammond, Maggiore, Stotlar, E-10]. The

development of metal-insulator-semi conductor (MIS)

technology for III-V compound semiconductors prom-

ises to produce a new generation of solid-state

electronics comparable to s1"1 icon-based MOS devices.

However, such devices have the potential advantages

of higher speed, lower dark current, radiation hard-

ness, and operation at higher ambient temperature.

The MOSFET device structure requires the deposition

or growth of a thin insulating layer on the semi-

conductor surface. A major obstacle to the devel-

opment of MOSFET devices, based on III-V compound

semiconductors, has been the inability to form a

stable insulator with a low density of insulator

charge and interface states. We are currently pro-

ducing MOS structures based on anodically grown ox-

ides on gallium arsenide. Consequently, we have

set up the equipment to make capacitance-voltage

(a) 3.084K, IOGHZ, NOrf

3.0

KitiA)

(b) !2dB

_. 0.S4

0,50

1.0 1.4 l.d 2.2 2.6 3.0 3.1

I (mA)

(c) 3.193K, 900MHz, OdB

200 400 6 0 0 800 1000

I (//A)

Fig. 10. The ac quantum interference effect of an
NSN bridge with bridge dimensions given
in the preceding figure caption. Differ-
ential resistance vs bias current in the
absence (a) and presence (b) of external
rf radiation at f = 10 GHz. The fundamen-
tal (n = 1) and the first subharmonic
(n = 1/2) steps in the Oosephson fre-
quency-voltage relation V = n hf/2e are
identified as shown. Fig. 10c illustrates
the ac Josephson effect at f = 900 MHz
with the higher harmonics (up to n = 4)
identified. The ac quantum interference
was observed from 100 MHz up to at least
10 GHz in the temperature range of 3.25 K
down to at least 2.6 K.



measurements as a function of frequency to charac-

terize the interface and insulator.

Anodic oxides are grown by making the semi-
9 10

conductor the anode of an electrolytic cell. '

The cathode here is a platinum electrode. A con-

stant-current supply capable of peak voltages of

150- to 350-V sets up an electrostatic field at the

semiconductor interface. Under the influence of the

electric field, oxygen ions are pulled to the sur-

face where they combine with the gallium arsenide

surface atoms. The electrolytic solution used here

consists of a 3 to 1 solution of ethylene glycol to

a 1% aqueous solution of tartaric acid that has been

ph adjusted to 6 with ammonium hydroxide. The cur-

rent may be adjusted from 100 yA to 2 mA/cm • The

voltage will rise linearly at about 10 V/min for a

current level of 0.5 mA. The process is terminated

when the voltage reaches a level indicating the de-

sired thickness of the oxide. This thickness is

approximately 21 W . If the current becomes too

small, back etching can occur.

A variation of this method has been used by

Hartnagel. Here a current-limiting resistor in

series with a high-voltage supply produces constant

current at small oxide thickness. As the oxide re-

sistance increases to values comparable to the se-

ries resistor, the current begins to drop. This

apparatus is shown in Fig. 11. We have used Hart-

nagel 's method and the current behaves as expected;

the growth rate decreases as the resistance of the

film increases. If the process is terminated before

the current reaches I0/e, the films do not exhibit

back etching when viewed under 70 times magnifica-

tion. The relationship of the final thickness to

the initial potential is not known. Furthermore,

the visual appearance of the oxides grown by the

constant-current method is far superior to those

grown by the Hartnagel method.

Films with nominal thicknesses of 3000 A have

been grown by the constant-current and Hartnegel

methods. The wafers have been fabricated into ca-

pacitors for CV evaluation.

8. Nuclear Microprobe [Maggiore, E-10 ]. The

nuclear microprobe development has been delayed for

two reasons. The first delay is the delivery of the

superconducting solenoid final lens that is under-

going final tests before installation in the cryo-

stat. The factory where the cryostat is being built

Fig. 11. Oxide formation at a constant potential
in a solution of sthylene glycol to a 4%
aqueous solution tartaric acid, ph ad-
justed to 6 with amonium hydroxide.

was destroyed by a tornado last suiiimer; it is now

back in operation and the cryostat is ready for

magnet installation. Initial magnet tests indicate

some training effects are present and the critical

field is approximately 78 kG. The field is cylir-

drically symmetric to 3 parts in 10 , but this is

probably measurement limited and further tests are

under way. If the asymmetry is real, a trim coil

will be added. By moderate pumping on the liquid

helium, the magnet's critical field can be increased

to 32.5 kG. The training effects are expected to

decrease with repeated cycling of the magnet to the

critical field. Pumping on the liquid helium bath

is possible for those times when a full 80-kG field

is necessary. Installation in the cryostat, final

testing, and delivery is expected tc take an addi-

tional 2 months.

The second delay is the rebuilding of the ver-

tical Van de Graaff accelerator by P-9. Shutdown

of the machine was delayed 2 months for completion

of a high-priority experiment. Tube replacement in

the column is under way and delivery of the new ion



source is expected by January 1, 1979. The P-9

staff estimate that low-energy operation of the ac-

celerator may begin about the first of March.

On the microprobe beam line the vacuum system,

scattering chamber, and liquid nitrogen transfer

control system have been installed. The pump per-
_g

formance is in the low 10 range. When all in-

ternal fixtures are installed, a scattering chamber
o

pressure in the low 10 range is expected. This

pressure is compatible with •ninimizing residual gas

scattering for good spatial resolution.

The microcollimator control circuits have been

checked and calibrated. The control system monitors

the temperature of the jaws and the copper control

rods with thermistors, and adjusts the cooling

water flow to keep the jaws at a preset temperature

and consequently .it a preset separation. The 6-way

cross holding the control rods und jaws is inde-

pendently controlled at a preset temperature to

provide stable reference points for the jaws. The

6-way cross can be controlled to ± 0.005°C, which

means the reference surfaces are fixed relative to

each other to »8.5 x 10 ;im. The jaws and con-

trol rods can be controlled to ±0.033°C from 15°C

to 65°C. This means the absolute separation of the

jaws can be controlled from 10-145 pm + 0.64 ym.

The absolute alignment of the jaws was set by meas-

uring the single-slit diffraction pattern from the

jaws using a helium neon laser.

If there are no further delays in the delivery

of the final superconducting solenoid lens, final

testing will begin as soon as the accelerator is op-

erational. It is hoped this will be March 1, 1979.

B. Electronic Temperature Monitoring and Identi-

fication for Livestock (USDA/H-6) [Bobbett, E-t;

Koelle, E-5; Landt, E-DOR; Salazar, E-2]

The US Department of Agriculture (USDA) and the

Department of Energy (DOE) have been supporting an

electronic identification and temperature-monitoring

project at LASL since early 1973. The development

indicates that a subdermally implanted, electronic

transponder with no batteries can be remotely acti-

vated and will transmit temperature and identifica-

tion information to a receiver in a few tenths of a

second. Development of this electronic identifica-

tion and temperature-monitoring system into a com-

mercially available product line will enable the

cattle industry to carry out more extensive manage-

ment control practices.

10

1. Background. In 1971 LASL began work for

the Animal and Plant Health Inspection Services

(APHIS) branch of the USDA to remotely identify cows

electrically. In the winter of 1972, LASL scien-

tists were also uSkeo to consider the possibility

of passively monitoring the temperatures of animals

during ante mortem inspection at slaughterhouses.

In considering this problem, a remote temperature-

monitoring system was envisioned using encoded mi-

crowave backscatter from a fixed-frequency interro-

gator. It soon became apparent that identification

numbers could also be encoded on the temperature

signal. Thus, a combination of animal identifica-

tion and temperature monitoring seemed possible.

In the fall of 1973, the equipment was demon-

strated at the US Animal Health Association (USAHA)

meeting in St. Louis. The next step was to develop

a temperature-only monitoring transponder, which

would function under the skin without batteries.

It was soon found that animal tissue presented sig-

nificant problems in powering an implanted tran-

sponder and obtaining a valid return signal. Solv-

ing these problems required the development of new

antennas and new circuits for extracting energy from

the interrogating beam. A very important consider-

ation was the necessity of powering the transponder

with an interrogating beam whose intensity was

within acceptable biological nonionizing radiation

standards. A demonstration of the subdermally im-

planted, temperature-only indicating transponder was

accomplished in September 1975. A second unit im-

planted in November 1975 was still functioning as

of May W 7 7 , but had ceased returning temperature

data by July 1977. The unit is still implanted in

order to determine long-term biological effects.

In December 1975 a system for passively moni-

toring the temperature of six cows was installed at

the National Animal Disease Laboratory at Ames,

Iowa, under the supervision of Dr. Gary Seawright

(currently with H-6). This experiment suggested

that an animal's subdermal temperature changes with

even minor stresses. These animals are periodically

subjected to interrogation and observed. There is

no evidence of degradation or biological incompati-

bility.

An informal report, LA-6725-MS, on the Model

75 temperature-only system was published in February

1977 and a progress report, LA-6812-PR, on the Model



76 temperature and identification system was pub-

lished in July 1977.

2. Current Activities. The field tests, which

were to occur this fiscal year, have been delayed

due to the extremely slow progress of negotiations

with the prospective suppliers of the field test

hardware and software. This, in part, is because

of risks associated with commercial development of

a new technology and, in part, due to assurances

LASL personnel have given to the National Livestock

Identification Board (NLEIB) that only a system that

will meet national identification needs will ulti-

mately be adopted. In order to avoid a complete

stop of field-test progress, we are preparing to

enter into the field tests on a very limited basis

(perhaps 50 animals rather than the eventual 1000}

with the electronic identification system we have

developed. This approach will also allow us to re-

cognize and understand problems potential manufac-

turers may have in configuring d system in an un-

familiar environment.

Although no significant technical developments

have occurred in the past 6 months, several improve-

ments have been considered and some have been im-

plemented. A progress report for the USDA has been

written to update the changes that have occurred

since the last formal report, as well as to express

our thoughts on further potential improvements. The

progress report is now in the typing and editing

stage.

The FCC has allocated a frequency of 462.6625

MHz for the electronic identification system. Be-

cause this frequency is in a mobile radio communi-

cations band, and our application must meet FCC

licensing requirements, we are conducting interfer-

ence tests with a company in Albuquerque that has

communications equipment in this frequency.

These quotes have been received from a request

for quote (RFQ) for field-test hardware submitted

to the responders of the Commerce Business Daily

advertisement of January 13, 1978.

This program has received an Industrial Re-

search 100 Aws»-d for the development of a hand-held

interrogator-receiver that remotely interrogates a

passively-powered transponder for its identification

and ambient temperature. A plaque presented to LASL

is on display in the National Security Resources and

Study Center (NSRSC). The hardware was on display

in Chicago for 2 weeks last August.

Z_. High-Temperature Electronics [McCormick, Wilde,

E-4; Helm, Roybal, E-2]

1. Background. The LASL hijh-temperature

electronics program was initiated in response to the

need for this kind of instrumentation in geothermal

environments. Conventional silicon transistor tech-

nology can only be applied over a restricted tem-

perature range and wide-band gap semiconductors,

although possessing great potential, have many un-

solved fundamental problems.

Therefore, the LASL approach is that of the

integrated thermionic circuit (ITC). A typical

cross section of an ITC gain device is shown in Fig.

12. In essence, the ITC is a microminiaturized

vacuum tube that relies on processing techniques

similar to those employed in the fabrication of

standard integrated circuits (IC).

These ITC gain devices have been modeled pre-

viously using computer programs especially developed

to provide high-resolution electron ballistics.

Promising geometries have then been selected and

fabricated. Analytical models have been confirmed

by experiment, Fig. 13, and a library of device

models has been developed for SCEPTRE, a widely used

circuit analysis program.

Primary emphasis has been on developing manu-

facturing techniques amenable to high-yield mass

production. Materials have been selected with

PHOTOLITHOGRAPHICALLY
DELINEATED CATHODE

Fig. 12. Basic gain device for ITC.
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Fig. 13. Experimental verification of the triode
model for ITC.

utmost care and reliable delineation and wire-bond-

ing techniques have been developed.

A high-temperature package development program

has been initiated in conjunction with SLA and a

high-temperature passive program, now funded by DOE,

was begun at the University of Arizona.

2. Processing. Since basic ITC fabrication

techniques have been developed to the stage where

initial high yield can be expected, processing con-

siderations during this period have dealt primarily

with those effects that occur over the device life

span. Therefore, thin-film deposition by electron

beam evaporation was investigated. Film adherance

was evaluated as well as bondability. Based on the

positive results of these tests, a dual beam evapo-

ration system was installed and the ITC thin film

process was converted td electron beam.

During this period a new wire bonder was in-

stalled and brought on-line. Since the bonder that

was previously used is no longer in production, we

felt that for technology transfer reasons, a bonder

currently available should be used. Therefore, a

new Unitek parallel-gap bonder was purchased and

modified to meet our needs and a new bonding sched-

ule was developed. For the purpose of testing 5-

and 10-mil-platinum wire bonds to the substrate, we

have defined as acceptable bonds whi_re the wire

broke before the bond failed during pull tests. Our

current bond yield is about 98S», using this very

stringent standard.

The second phase of our recent effort has been

preparation for the high-temperature package. We

have addressed the cleaning, outgassing, and get-

tering techniques to be used with the new package

and these evaluations are continuing. Initial re-

sults indicate that appropriate use of titanium,

zirconium, and tantalum will provide high-tempera-

ture gettering capability.

During the next period, the computer code will

be used to guide device designs for specific circuit

applications.

3. Packaging. With the development of device

fabrication and modeling techniques, the need for a

high-temperature package has increased. Because of

this increased need, SLA is evaluating the applica-

bility of glass ceramics for high-temperature pack-

aging. Glass ceramics may hold great promise in

that the expansion coefficient can be tailored to

match various metals. However, sufficient high-

temperature electrical properties will have to be

incorporated into the technology before a successful

high-temperature geothermal ITC package can be fab-

ricated.

Development possibilities for a metal or con-

ventional ceramic package are also being investi-

gated. One potentially promising approach that we

are studying is the use of a stainless steel package

with alumina pin seals around nickel feedthroughs.

D. Adaptive Optimal Control Applied to Heating,

Ventilating, and Air-Conditioninq (HVAC) Systems

[Farris, Murray, McDonald, E-4; Melsa, University

of Notre Dame]

1. Background and Introduction. The objective

of this project is to investigate the use of adap-

tive control techniques in HVAC systems to minimize

the consumption of auxiliary energy while maintain-

ing a comfortable environment in solar heated and

12



cooled buildings. Optimal control theory is used

in conjunction with the adaptive control techniques

to accomplish this objective. The resulting tech-

nique is known as adaptive optimal control (HOC).

Earlier work 1_-d to simulations of heating

system operation in which an adaptive optimal con-

troller demonstrated a substantial savings, 28.8%,

in auxiliary energy consumption when compared with

operation by a conventional controller. Recent re-

finements have yielded even greater auxiliary energy

savings; these results will be given later in this

report.

2. Nature of the Problem and Solution. Gen-

erally, optimal building control means controlling

the interior temperature within some region of com-

fort while using minimum auxiliary energy to support

the solar system. The parameters of the HVAC system

must be accurately known, regardless of the tech-

nique used to produce the optimal control. Because

of uncertainties, changing system values during op-

eration, and external uncontrollable disturbances,

we believe that an adaptive approach can yield more

effective control strategies than the fixed conven-

tional type of control currently available.

Because the thrust of this study is to investi-

gate minimization of auxiliary energy consumption

with adaptive control techniques, an approach that

minimizes an externally stated cost functional was

selected. In this way, one can ensure minimization

of auxiliary energy consumption for the cost func-

tional selected. In order to make the problem

tractable, we chose the integral quadratic form for

the externally stated cost functional and a linear-

ized model of the plant is used to track plant pa-

rameters. Together, this cost functional and model

provide the linear regulator solution for the con-

trol. A consequence of this problem formulation is

that the resulting control law is closed loop.

This is essential for practical implementation in a

building in order to reach desired set points.

3. System Description. The block diagram for

the AOC solution is shown in Fig. 14. The building,

or plant, represents the nonlinear dynamics of the

building and the entire HVAC system. The model

identification block represents a system identifi-

cation process, which identifies a linear model that

accurately reproduces the nonlinear plant behavior

at the given operating point.

REFERENCE

(SET POINTS)

Fig. 14. System block diagram.

Once the linearized parameters have been iden-

tified, they are used in conjunction with the cost

functional to compute the optimal controller feed-

back gains. The controller then generates the ap-

propriate control ij to minimize the cost functional.

The model identification is an on-line process; af-

ter a fixed amount of time it will have an updated

linear model available. That updated linear model

is then used to recompute the optimal control law.

The control system is adapted to remain optimal as

the system undergoes various changes.

4. Building and HVAC System. Simplified mod-

els of the building solar heating and cooling system

are used. Schematics for the solar heating system

and cooling system are shown in Figs. 15 and 16,

respectively.

Auxiliary energy is provided for both systems

by a steam-to-water heat exchanger. The steam is

supplied by a central steam plant. The cooling

system uses these sources of hot water to drive a

lithium-bromide absorption chiller. The cold water

RECIRCULATION

' r HEATED
X.hwr ENCLOSURE

THERMAL
STORAGE

AUXILIARY
HEAT

EXCHANGER

Fig. 15. oolar heating system model.
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Fig. lb. Solar cooling system model.

from the absorption chiller flows through coils in

the air duct to cool the air flowing over them. The

heating system uses the same coils, but hot water

from the storage tank or the auxiliary heat ex-

changer flows through the coils and heats the air

flowing over them. The heated and cooled space in

the building is represented by a single enclosure.

In both systems, the air-handling system provides

air movement and a capability for recirculation of

sorre of the partially conditioned air. It also in-

troduces fresh air as appropriate. In the cooling

system, an additional capability is provided to by-

pass air around the coils if cooling is not re-

quired, but air movement is. This is necessary be-

cause the evaporator side of th? absorption chiller

requires a continuous flow of water. The heating

system is described by four state variables and the

cooling system is described by seven state varia-

bles. The equations are available on request.

5. Performance Bound. Since the AOC approach

uses a linear model of a nonlinear system, the re-

sulting control is actually suboptimal. In order

to determine how well the AOC approach performs, the

heating system operation was simulated using the

maximum principle directly. The resulting two-point

boundary-value problem (TPBVP) was solved using a

technique to account for the saturation limits on

the control variables.

In this study, perfect knowledge of the weath-

er parameters was assumed in order to investigate

whether such advance knowledge can help control the

building in a more energy-conserving manner. The

AOC approach was simulated using the original par-

tial-derivative system identification process and

the more recently developed sequential least squares

{SLS) system identification process.

The results, shown in Table I, represent a 24-h

simulation. The primary result is that the power-

ful, completely general application of Pontryagin's

maximum principle yielded results that were only

marginally better than the AOC approach. We have a

great deal of confidence in this result and, if it

holds up under further testing, the conclusion can

be made that the adaptive linear regulator approach

used in the AOC technique is an excellent one.

6. System Identification Process. The build-

ing and HVAC system are mathematically described by

a nonlinear system of differential equations. In

order to utilize the optimal control approach and

obtain a closed-loop control law, a linearized sys-

tem representation is needed. In work reported

earlier, the linearized model was obtained by carry-

ing out direct numerical evaluation of the partial

derivatives. This linearization was done at the

beginning of each adaptation interval. Although

this form of system identification is artificial and

could not be used in practice, it was used initially

because of J t s ^ simplicity.,_ Since, the^ simulation

results using this identification approach were

quite encouraging, more practical methods of system

identification were investigated. In particular,

an SLS approach is used to provide a system identi-

fication process that identifies the needed param-

eters.

TABLE r

SIMULATION RESULTS (21 H) FOR OPTIMAL CONTROLLER COMPARISON

System/
Solulion
Technique

Conventional
controller

AOC (partial
derivative
ident ificat ion)

AOC (least s luarps
identification;

TPBVP

Average
Room
Temperature

(-C)

21.17

20.72

20.89

20.89

Room
Temperature
Extremes

r-o

21.00
21.28

20.00
?1.17

20.33
21.22

20.28
2\.22

Auxiliarv
Energy
Used
(10? J)

3.95

2.82

2.82

2.74

% Savings
Compared
to Conven-
tional
Controller

28.5

28.5

30.5

14



This technique was tested on the .olar collec-

tor of the NSRSC. Difficulties were encountered

that we believe are attributable to the long time

constants <;nd consequent lack of spectral richness

in the variables. Further system identirication

technique investigations will be made to overcome

these difficulties.

7. Set-Point Computation. A technique has

been developed to compute the system set points in

an optimal fashion. Some of the system set points

are specified and are not subject to computation;

room temperature is such a variable, although its

set point can be changed to achieve nighttime set-

back. The other set points are recomputed each time

the adaptation takes place. The computation is made

to provide a group of set points that provide an

equilibrium condition for the system. This proce-

dure yields an improvement in the auxiliary energy

savings. It may also solve the erratic behavior

observed in the initial phases of the project when

attempts were made to optimize the collector system

along with the storage and the air-handling systems.

Simulation results ire presented in a subsequent

paragraph.

8. Practical Considerations. The use of hot

water from storage and the auxiliary heat exchanger

to supply energy to.the. HtJAC system require? hard-

ware to combine the two sources. A common practice

is to use a valve arrangement that allows full flow

from one supply while the other is turned off. We

refer to this as a mutually exclusive arrangement.

This technique is used in the conventional control-

ler simulation. The optimal control approach used

here does not readily lend itself to a mutually ex-

clusive arrangement because it considers both sup-

plies available and establishes the optimum use

from each. Thus, earlier reported simulations con-

sidered a mixing-valve arrangement where a continu-

um of flow rate values could be obtained from both

sources simultaneously. Besides being difficult to

implement in terms of hardware, this mixing arrange-

ment makes it possible to use auxiliary energy to

heat the storage tank. There may be situations

where this is desirable, for example, during off-

peak hours, but it is generally considered undesir-

able.

To provide a mutually exclusive arrangement for

the adaptive optimal controller in the heating sim-

ulation, the derivative of the room temperature is

examined at each adaptation time. This derivative

accounts for all the variables affecting the system.

The room temperature is projected during the inter-

val until the next adaptation time using a straight-

line approximation. If the projected room tempera-

ture stops above some comfortable value, the ele-

ments that couple auxiliary energy into the system

are set to zero. This forces the algorithm to con-

sider only the storage tank as an energy supply and

compute controls accordingly. If the projected room

temperature falls below the comfortable value, the

elements that couple the storage tank to the system

are set to zero, the algorithm considers the auxil-

iary heat exchanger as the only energy supply, and

computes the controls accordingly. This strategy

is used because the storage tank is less capable of

heating the building under extreme conditions. The

simulation results employing this development are

presented in the next paragraph.

9. Further Heating Results. Heating simula-

tion results obtained using the AOC developments

described earlier are presented in Table II. The

simulation runs are for a 48-h period. The conven-

tional controller simulation uses the control strat-

egies in the NSRSC with a mutually exclusive ar-

rangement for the two energy sources. The AOC sim-

ulation uses the AOC technique with the SLS identi-

fication procedure. The twt energy sources are

connected by a mixing arrangement. The AOC with

System/
Solut ion
Tpchnique

Conventional
control let*

Adapt i i/e opt i-
tnel control ler
{AOC)

AOC with set
point computa-
tions

AOC with mutual-
ly exclusive
arrangement

HEATING

Averaqe
Room
Temperature

( C)

21.11

20.94'

20.89

20.94

TABLE II

SYSTEM PERFORMANCE

Room

Extremes
1 C)

21.00
? 1.33

19.83
21.39

19.67
21.39

Auxi'\?ry
Eneray
Used'
1109 J'

1.36

4.13

3.46

* Savings
Compared
to Conven-
tional
CiTitro 1 ler

....

38.8

42.0

51.3

15 J



set-point computations simulation uses the AOC

technique with the SLS identification procedure and

the procedure for computing the set points. The two

energy sources are again connected by s mixing ar-

rangement. The AOC with mutually exclusive arrange-

ment simulation uses the AOC technique with the

strategy for forcing the algorithm to select one

energy source or the other, but not both. The set-

point computation process is not used here. All the

control systems simulated maintain the room tempera-

ture within a comfortable range. However, all the

AOC technique simulations do so with a significantly

smaller amount of auxiliary energy, The primary

energy-saving mechanism is operation of the storage

tank at a lower temperature. This collects and uses

more solar energy.

10. Cooling Results. The AOC technique has

also been applied to the cooling model of Fig. 16.

The conventional control simulation uses the control

strategies of the NSRSC with slight modifications.

The AOC controller uses the partial derivative sys-

tem identification technique and does not yet employ

the sei-point computation strategy or the mutually

exclusive arrangement for connecting the energy

supplies. Consequently, these results are still

preliminary, but encouraging. The results for a

48-h simulation are shown in Table III.

The AOC controller offers better temperature

extremes, although the conventional controller's

extreme of 29.06"C occurred during the evening when

the building had low occupancy. There is a signi-

ficant difference in the amount of energy required

to operate the absorption chiller. The load on the

chiller is only moderately less for the AOC con-

troller, but the energy required to drive the chil-

ler is significantly less for the AOC controller.

If we consider the average thtrmal COP for the 48-h

simulation period as

COP
Chilled water energy output
Hot water energy input

we obtain a COP of 60.0% for the AOC controlled

chiller and 53.035 for the conventionally controlled

chiller.

As in the heating system simulation, the stor-

age tank is operated at a lower temperature by the

AOC controller than the conventional controller;

and, again, this accounts for an increase in the

collection of solar energy.

11. Model Upgrading. We have begun to up-

grade the heating model. A second zone has been

added so that the model represents a building with

both an interior zone and a perimeter zone. The

mass of the building har been added for both zones

and the temperature of the mass in each zone has

been defined as a state variable. Improvement and

simplification of the collector model has begun and

an evaluation will be done soon. This upgrading

has been done only in the AOC simulations, so com-

parisons with a conventional controller are not yet

available. Similar upgrading will be done en the

cooling model.

12. Technology Transfer. We made an informal

presentation of thf: AOC technique to members of the

Control Theory and Application Committee of the

American Society of Heating, Refrigerating, and

Air-Conditioning Engineers, Inc. (ASHRAE) at the

Albuquerque, New Mexico, meeting in June 1978.

Comments from the committee were extremely favora-

ble.

TABLE III

COOLING SIMULATION RESULTS

Average Room Cooling Load
Room Temperature (1()9 J)
Temperature Extremes Building
[ j J ^ C J I t l S h l l V e n t .System

Conventional

Adaptive

16

( C J

25.

25.

61

50

21.78
29.06

23.28
26.00

jnt

11

11

ernai

.57

.57

ine

-0

-0

11

.49

.44

Energy Used by Chiller
(1Q9 J) % Savings

of Aux.
Total Solar Aux. Total Energy

0.32 11.40 3.61 18.12 21.75

-0.38 10.75 9.03 13.96 17.99 22.9



Another development in our technology transfer

effort is that Johnson Controls, Inc. (JCI) has

expressed an interest in a joint research project

to implement, test, and develop the AOC technique

in a building such as the NSRSC. In such a proj-

ect, provision would be made for testing other

modern control strategies that may be developed.

Representatives from JCI have visited LASL and the

NSRSC and an outline of a proposal has been pre-

pared. Work is now under way with JCI on the de-

tails of the effort.

13. Plans. Our plans in the technical area

for the immediate future are to complete the simu-

lation models upgrading and continue the simulation

studies. Parameter variations and longer-term

simulations are planned. We should then be in a

position to thoroughly study implementation of the

AOC technique.
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II. ENGINEERING SUPPORT, R. A. GORE, ALTERNATE DI-

VISION LEADER

A. Development Projects

1. Introduction. The activities reported in

this section include both LASL-funded projects and

projects funded by outside agencies. These projects

are usually aimed at obtaining an understanding of

a problem, the development of a solution to a given

problem, or the development of a new capability or

resource required in support of basic research.

2. NSRSC System Performance Studies [Murray,

E-4]. The objectives of the studies of the NSRSC

a^e to provide data acquisition and reduction for

performance analysis on the solar heating and cool-

ing system, to analyze the performance of the sys-

tem, and to perform system optimization experiments.

Data have been provided continuously for two cooling

seasons and one heating season with analysis of the

second heating season now in progress.

During the cooling season, May through Septem-

ber 1978, an improved solar cooling control strategy

was tested. The hardware changes required to im-

plement the new strategy were made during the prev-

ious heating season. The system makes use of both

hot and cold water storage for building cooling.

In the original system, solar-heated water was

stored as an energy source for the water ctriller and

cold water was stored using night "vaporative cool-

ing. The chiller was run only when the building was

sufficiently warm to require additional cooling, and

auxiliary energy was used whenever the solar-heated

water storage tank fell below a preset temperature.

In the modified strategy, the chiller is run

whenever the solar collectors have raised the tem-

perature of hot storage sufficiently, even if the

building does not call for cooling. The excess cold

water is put into storage for later use. Also, the

use of auxiliary energy is prohibited if the cold

storage temperature is below a given set point. The

scheme has the following desirable features:

• The chiller is running while the collectors

are running, reducing collectrr temperature and

therefore increasing efficiency.

• Chiller cycling is minimized.

• The chiller is run at full capacity.

• Cold storage must be exhausted before

auxiliary energy can be used.

Using this strategy the system provided 97% of

the building's cooling needs from solar energy, as

opposed to 75% the previous summer.

Additional software on the data-acquisition

computer provided smoothed hourly data for computer

simulation validation of basic system variables for

LASL and the International Energy Agency.

3. Nambe Pueblo Solar Heating System [Murray,

E-4]. The Nambe Pueblo solar heating system is an

air system with rock bin storage and a reflected

collector. Data collection, started in the spring

of 1978, assesses the performance of the solar

heating systems, studies rock bin behavior, and

gathers data on the performance of the vertical re-

flected collector. The problems encountered with

data acquisition at a remote site were solved and

data for the first full heating season are now being

obtained.

Studies on using the rock bin for night evapo-

rative cold storage are complete. The cooling study

indicates that a large portion of the building cool-

ing load can be shifted to the night hours by using

cold storage. However, the rock bin could not be

cooled sufficiently to meet the entire daytime cool-

ing load.

Heating data gathered so far this winter show,

in Table IV, the following system solar performance

data.

Some problems were encountered with a flow

sensor zero drift, and with collector control system

failure. These problems were solved by replacing

defective components.

Data handling was vastly i'mproveo by storing

the data on an HP-9845 calculator disk and process-

ing it locally rather than at the Central Computing

Facility (CCF). This provides faster turnaround and

TABLE IV

NAMBE 1977-78 SOLAR SYSTEM PERFORMANCE

Month

Oct.

Nov.

Dec.

Solar
Heating

(%)

90

56

39

Collector
Efficiency

33.1

36.0



the atility to quickly provide high-quality Jata

plots as shown in Figs. 17-19.

4. Passive Solar Heating Data Processing [Mur-

ray, E-4]. The Solar Energy Research Group, Q-j 1,

is evaluating the performance of various passive

solar heating systems in New Mexico. Data are ob-

tained from several remote sites in the form of

ASCII coded data cassettes at a nominal rate of !0

per week. These tapes have been transmitted over a

300 baud line to the CCF to create data files for

system performance evaluation and simulation code

validation. In practice this has proved to be an

extremely cumbersome process, requiring the full-

time support of one data analyst.

We suggested to Q-ll that the NSRSC computer,

a PDP-11/34, be used to process the passive system

data tapes. The proposed system includes a 2400-

baud tape cassette reader and a Digital Equipment

Corporation (DEC) 200 UT emulator software package

to transmit the recorded data to machine "0" at the

CCF at 4800 baud.

The hardware and software required to implement

this plan were installed and are now being success-

fully used to process the passive solar heating

program data. Only minor problems were encountered

during implementation, and the entire system runs

without interferring with normal NSRSC data process-

ing operations.

One tape can now be processed and transmitted

in about 1/2 h. This represents at least a factor

STORRGE TEMPERHTURES
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Fig. 18. Nambe Community Center, December 1978,
storage temperatures.

of 4 in overall improvement and a factor of 10 or

more in time reduction.

5. Eastern Gas Shaier Project [Springer, E-4].

The Cottageville gas-shale reservoir in West Vir-

ginia is an area where natural fracturing has made

gas production economical since 1948. The produc-

tion and geological data that have been obtained

from this reserve!" provide a highly concentrated

source of information that we are using to calibrate

and check a simulation we have made. We have ob-

tained much of these data from E. B. Nuckols, West

Virginia University. Production data include well

locations, completion dates, initial open-flow

rates, stimulated open-flow rates, rock pressures,

COLLECTOR INPUT and OUTPUT DRILY TOTRL LOHD.SOLBR and RUXILIRRY
3000

Fig. 17. Nambe Community Center, 1978-1979 heating
season, daily total load, solar, and aux- Fig. 19. Nambe Community Center, 1978-1979 heating
iliary. season, collector input and output.

19



yearly production data, shut-in pressures, and line

pressures. Geological data consist of subsea depths

of various stratigraphic layers obtained from 118

well logs, as well as cere analyses from one or two

wells. Production history is documented for 58 of

the wells, but is missing for 19 of them.

An interactive computer program, ACOT, was de-

veloped to assist in analyzing the Cottageville da-

ta. The program presents the data in various ways.

Some of the tasks ACOT performs include computing

average production over a period, selecting a set

of wpl'ls for which certain attribute conditions are

satisfied; for example, all the wells with natural

open flow > 500 MCF/day and production in the first

5 yr between 50 000 and 150 000 MCF, ranking the

selected set, and mapping the selected wells. Other

tasks include least squares fitting, two-dimensional

graphs, contouring, and rotating the well coordi-

nates.

After studying the data and confirming a cor-

relation between the structure of the producing

shale layer and the wells with high or low initial

open-flow rates, we decided to model the reservoir

flow and pressures on SIMGAS, a modification of a

digital gas diffusion code obtained from the Morgan-

town Energy Technology Center (METC). A 1075-node,

two-dimensional representation of the Cottageville

field''has been set up, with observed flows intro-

duced at well locations. The object is to develop

a method to generate local flow parameters from ge-

ological parameters. Regions of high fracture may

be correlated with the structure that existed in

Devonian time when organic material settled on the

sea bottom and with the change in the structure

since that time. Since the pt labilities may be

highly anisotropic, the simulation mesh is aligned

along the major fracture trend.

In order to show both pressure surfaces and

structural surfaces that are necessary to the model-

ing, we have obtained the National Center for At-

mospheric Research (NCAR) graphics software. This

software provides contouring, isometric surface dis-

play, and other features.

The producino .,-,'ons appear to be continuous

and distinct from the nonproducing regions, so we

have decided to use the CDC 7600 rather then the

hybrid computer for data reduction. At one time it

appeared that a Monte Carlo approach might be war-

ranted in which different fracture distributions

would be used and many solutions of the reservoir

would be required. This would have required the

hybrid computer. The data from Cottageville indi-

cate a more deterministic model with greater detail

and fewer necessary solutions, which the digital

computer cart provide.

6. Short-Pulse Light Flasher and Fast, Low-

Cost Photomultiplier Detector [Hiebert, E-5; D. Mar-

tin, E-2]. A subnanosecond pulsed-light sourcp has

been developed for testing photodetectors. A fast

photodiode detector assembly was used to measure the

flasher properties, and a fast photomultiplier base

assembly was developed and tested with the new

pulsed light source.

There is a need for a triggered, short-duration

light source in an easy to use package for testing

photodetectors. Conventional light-emitting diodes

(LED) or pulsed-arc lamp sources have durations of

several nanoseconds or more, but this is not ade-

quote for the higher speed photodetectors. Several
12years ago, J. R. Andrews described a gallium

arsenide injection laser pulser for testing fiber

optics, and we concluded that a flasher of this type

would be usefui for photodetector tests.

Figure 20 is a schematic diagram of the pulser.

/\ 5-Q. ii.cr.os.tr.ip. transmission line is charged to

about 150 V. An avalanche transistor is triggered

to discharge the line into the GaAs injection-laser

diode. If the wavefront of the current pulse is

fast and if the peak current is 6 A or greater, the

diode will be stimulated into a Q-switching mode and

a short optical pulse will be emitted. The drive-

current amplitude must not be too large, or after-

pulsing will result.

As measured with a fast photodiode assembly,

the pulser has a risetime < 200 ps, an FWHM <400

ps, and a fall time < 400 ps. The measurement val-

ues were limited by the photodiode speed. The yield

is about 0.2 nj/pulse, and holders are provided to

attenuate the light with neutral density filters.

Wavelength is 0.9 nm and maximum pulse rate is about

10 kHz.

A fast lP28-type side-on photomultiplier de-

tector base was designed and tested with the flash-

er. The base was made using a Hamamatsu R928 that

responds to the laser wavelength. To achieve speed,

we truncated the base so that it used only four
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Fig. 20. Schematic diagram of injection laser
short-light pulse generator.

dynodes and provided voltage beyond the structure

specifications. The resulting gain was about 10 000

and thp treasured response times were 1-ns rise and

0.5-ns , Tl-. This- photodetectsr- therefore--eavers-

the domain between photodiodes (good speed but no

gain) and conventional photomultipliers (gain but a

response time of several nanoseconds). The detector

has been applied to the fast fluorescence decay

studies of Group H-10.

7. The Universal Peripheral Calculator System

[Hanna, E-5]. The original goal of this project was

to down load from a host processor to a calculator

system 32 program steps and 5 variables. Since this

required twice the memory available, a dynamic mem-

ory allocation operating system was designed that

allows five variables to be loaded and the remaining

RAM to be used as program steps. Using 1 variable,

42 program steps remain; using 5 variables, 18 steps

remain. Most applications do not require all five

variables, and for applications where more steps are

needed, intermediate results can be found and the

steps can be chained together. In addition, for

interactive calculations, one or more variables can

be changed without re-entering the program. A sci-

entific relation notation for the data was adopted.

A general outline and flew chart fr<~ the operating

system is shown in Fig. 21. Figure ?? details the

job manager input-buffer flow chart.

8. Distributed Computing [Slocomb, E-5] . It

has become apparent that there is an interest in and

a need for general-purpose distributed computing

systems throughout LASL. In an effort to inert this

need, we have begun a program of familiarization ant)

training in the software-hardware aspects of dis-

tributed computing systems and data communication";.

We plan to actively support systems that require a

communications port to the CCF as well as those that

need to communicate with other non-CCF coi.iputer

systems. This will require that we develop suffi-

cient knowledge in vendor operating systems and da-

ta communications software and hardware tc provide

support to LASL groups who have data cormiunirat ions

requirements.

We have invested several men-mnnths in the

first stages of familiarization. We have completed

a survey of the distributed computing literature,

studied data communications software including ?

detailed study of communication protocols, and have

port —

INITIALIZE:
CLEAR RAM
CLEAR I/O
ENABLE IBF

INTERRUPT

HOME: WAIT FOR IBF
INTERRUPT

Fig. 21. Flow chart of the UPI-41, pewer on, ini-
tialization, and idle state.
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Fig. 22. Input buffer full interrupt flow chart.

made an initial study of the VAX-11/780 computer

system.

Our future plans ire to study the VAX-11/780

software and hardware in detail; work with Group C-9

in testing their remote computer concentrator (RCC);

develop, test, and implement an independent computer

connection to the RCC; and maintain an active in-

volvement in development of software for the LASL-

wide network.

9. Computerized Tomography [Lundy, E-5," Rose,

Waechter, E-2]. We have continued with the fabri-

cation and check-out of an x-ray tomograph system

in conjunction with R. Morris, M-l, and M. Cannon

and R. Kruger, M-8. We have not yet produced a to-

mographic image because of unexpected hardware dif-

ficulties, but do expect to accomplish this in Janu-

ary. The project, originally funded by a LASL new

research initiatives proposal (NRIP), continues

through outside funding.

10. Modem Evaluation [Shoemaker, E-5l. The

purpose of this project is to evaluate modems that

will operate on voice-grade telephone lines at

speeds up to 9600 bps. The reason for this evalua-

tion is that modems now in use, the Gandalf 120, are

affected by line conditions; consequently, they do

not operate adequately at times.

Modems from five manufacturers were tested on

some of the telephone lines where problems had oc-

curred. We felt this was a good test because prob-

lems should be apparent and easily identified. The

tictual evaluation was done by using the modems with

graphics terminals. By doing this, the modems ,iere

tested on actual lines under normal operating condi-

tions, which is much more effective than a bench

evaluation.

None of the modems worked well enough to give

the users suitable bit-error rates. As a result,

it appears that a different line than voice grade

is needed. Mountain Bell Telephone Company is in

the process of tariffing a new service specifically

designed for limited-distance modems at jpeeds up

to 9600 bps. This new service will be called series

82. We feel that this new service should be tested

as soon as possible to determine if it will provide

lines that give adequate bit-error rates.

11. Port-Contention Compatibility [Shoemaker,

E-5]. This project, a determination of the require-

ments for a commercially available port-contention

device to interface adequately with the keyboard

concentrator controllers (KCC) in the CCF, was co-

ordinated with C-9 while they wrote the functional

specifications for a new diol-up KCC.

The KCCs now in use do not control or monitor

control signals on the ports; this is a problem when

using them with port-contention devices. For ex-

ample, a terminal user could turn off his terminal

or otherwise be logged off the port-contention de-

vice and not be logged off the KCC. Another user

could then be connected through the port contender

onto the KCC port that had not been cleared. The

second person would then be in the middle of the

previous user's programs.

In order to prevent this, the port contender

and the KCC must pass control signals between them.

This capability exists on port-contention devices

and therefore should be a requirement on the new

KCC.

Another problem area is the interface between

the KCC and the worker computers. If a user is



disconnected from the KCC for any reason, he also

should be logged off the worke1- compute? . Otherwise

another user could be connected through the port

contender to the KCC port of a previous user and

into his programs. To prevent this, the KCC soft-

ware must send a message to the worker computer to

notify it that tne user has been disconnected.

These problems appear to have been solved in

the initial specifications, but C Division has not

released the final revised specifications for the

new KCC.

12. Fuel Cells in Transportation [McCormick.

Lynn. Bobbett, E-4; Nachamkin; E-DOR; Derouin,

E-00].

a. Introduction. The fuel cell is a device

that directly converts chemical energy to electrical

energy. Most fuel cells are hydrogen-air units that

generate electricity directly from the chemical re-

action of hydrogen and oxygen.

The most important property of a fuel cell is

that the energy conversion efficiency is not limited

by the Carnot cycle as are heat engines. Theoreti-

cal efficiencies for a pure hydrogen fuel cell could

be a' high as 83X and fuel cell systems with effi-

ciencies greater than 50% have been fabricated.

Fuel cells have been used extensively in space

applications. More recently, fuel cell development

has been geared toward utilities applications. As

a result of these efforts, fuel cell performance has

been greatly improved. In particular, the weight

and size of the fuel cell has been reduced to levels

reasonable for vehicular application. Furthermore,

the price of fuel cells is predicted to drop dra-

matically in the next few years. Price reduction

due to basic design improvements combined with mass

production techniques could make the fuel cell eco-

nomically competitive with the internal combustion

engine (ICE) in the foreseeable future.

Because the fuel cell has an inherently high-

pnergy efficiency, substantial energy savings could

result from the conversion to fuel-cell-powered au-

tomobiles. This fact alone mandates that the fuel-

cell-powered vehicle be given careful consideration

as a possible replacement for the ICE automobile.

Based on these considerations, the task of this

DOE-sponsored program is to evaluate the applica-

bility of current fuel cell technology to vehicular

applications, identify unresolved technical prob-

lems, and recommend a program of research and de-

velopment to obtain the knowledge and information

necessary to thoroughly evaluate the fuel cell as a

transportation alternative.

This program is a joint LASL, Brookhaven Na-

tional Laboratory (BNL), US Army (Ft. Belvoir) pro-

gram, with BNL evaluating fuel cells, the US Army

providing program management, and LASL evaluating

vehicle systems and economics.

Durirg this report period, we have performed

the following tasks.

• An applications study in which a number of

candidate fuel cell vehicles were evaluated tech-

nically and economically, and recommendations were

developed for future directions in the possible de-

velopment of fual-cell-powered vehicles.

• The formulation of a general computer simu-

lation for the detailed evaluation of fuel cell ve-

hicles.

• The determination of technical data necessary

for the utilization of the computer code. This in-

clude1" a fifth-wheel instrumentation system, devel-

oped by Lamar Instruments, that was programmed at

LASL for application to roll-down vehicle aerody-

namic tests. Parameters derived from these tests

were used in the technical evaluation portion of the

application scenario.

b. Application Scenario. In this study, four

specific vehicle applications are considered, the

city bus, highway bus, consumer vehicle, and deliv-

ery van.

Current fuel cell technology data, supplied by

Energy Research Corporation (ERC) and BNL, is used

in developing both a technical and economic assess-

ment of each of the candidate vehicles. Future fuel

prices, vehicle maintenance costs, and institutional

factors are also included in the evaluations.

The performance of current ICE vehicles for

each of the applications is used as a base line for

comparing both component sizing and performance

evaluation.

(1) City Bus. In considering possible

fuel-cell-powered vehicle applications, the city

bus has a number of features that makes it an

attractive candidate for fuel cell propulsion.

• The procurement cost of a city bus is 8C$

subsidized by the federal government.
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• In total dollar outlay, the cost of fuel and

maintenance tends to be more dominant than procure-

ment costs.

• Particulate and noise pollution are serious

problems.

The city bus application represents a market

of 5000 vehicles per year, in excess of $100 000

each, which would increase the manufacture of fuel

cells in a reasonable increment without demanding

ultimate mass production costs. The bus would be

propelled by propane or methanol fuel in parallel

with a nickel-zinc battery for acceleration.

(2) Highway Bus. A fuel-cell-powered bus

or large highway truck could be an economically and

technically viable option in the 1990 time frame.

The available volume is more than adequate for a

fuel cell propulsion system and the relative weight

increase is small.

The potential for future fuel cost savings,

when combined with reduced maintenance costs, r.ould

save between $29 000 and $49 000 over the vehicle

life span.

These two applications account for 21.9% of the

1972 transportation energy consumption in the United

States. Penetration of fuel cells into these ap-

plications would have a beneficial effect on the

nation's energy requirements.

(3) Consumer Vehicle. A Volkswagen Rabbit

was chosen for a comparison of the gasoline and

diesel engines and the fuel cell for consumer vehi-

cles.

The entire propulsion system (15-kW fuel cell,

methanol reformer, motor, and 4-kWh battery) will

fit under the hood of a Rabbit and will give per-

formance comparable to that of the diesel with a net

weight increase of approximately 020 lb.

Using cost and vehicle mark-up data derived

from Ford Motor Company, the Department of Trans-

portation, and Volkswagen, and assuming $200/kW for

the fuel cell reformer system, a fuel-cell-powered

Rabbit was projected to have a sticker price of

$7239.33.

Fuel consumption was calculated for both cruise

and 0227 metropolitan drive cycle. Substantial im-

provements in vehicle system efficiency were found;

however, considering the projected fuel costs for

1990, no clearcut economic advantage based on fuel

savings was found. It was projected that reduced

maintenance costs and reliability could be extremely

favorable factors in the marketplace.

(4) Delivery Van. Data on delivery ven

drive cycles are difficult to obtain, therefore no

detailed analysis or preliminary system design was

performed. It was concluded, however, that a con-

ventional battery electric vehicle with, fuel-cell

augmentation for on-board recharging would be sig-

nificantly more efficient than a comparable ICE ve-

hicle and would significantly incrpase the range and

number of applications for electric delivery vans.

In addition to the reduced maintenance costs, 30-40%

or battery-powered electric vans demonstrated by the

Bell System and United Parcel Service, further re-

ductions in maintenance are expected with the fuel

cell addition. The fuel cell not only reduces the

number of batteries, but maintains 3 voltegp across

the cells, thus prohibiting deep discharge and cell

reversal.

Currently available fuel cell modules could be

interconnected to r;"ovide a fuel cell power source,

thereby allowing consioerable evaluation of the fuel

cell in a vehicular environment without requiring
the development of either a special vehicle or fuel

cell.

c. Computer Simulation. In order to manage

the complex interactions between the various vehicle

subsystems, we have developed an all-electric ve-

hicle software program rodel that may be used as a

tool f;r evaluating the performance of individual

vehicle subsystems as well as evaluating the total

performance of a simulated vehicle. We are working

jointly with BNL to provide the fuel cell, fuel

processor, battery performance, and physical data

that will meet the propulsion system requirements

we define. Only real or conservatively extrapolated

fuel cell system and battery data were used to dem-

onstrate what can be achieved with the current

state of the art.

In the computer program each major vehicle sub-

system is separately modeled as a subroutine. Fur-

thermore, each subsystem is modeled in terms of its

fundamental 1/0 variables such as voltage, current,

torque, and rpm. With this approach there is no

need to interleave the subsystem models. Thus, the

user can easily substitute or modify a model of a

particular subsystem in order to test its impact on

overall vehicle performance.
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Figure 23 shows the major components involved

in propelling a fuel-celi-powered vehicle. The fol-

lowing paragraphs briefly summarize the basic rela-

tionships on which each model is based.

(1) Vehicle Road Load. An equation relat-

ing tractive effort, FT, with the retarding forces

of change in momentum per unit time, F^: rolling

resistance, FR; aerodynamic drag, FD; and road

grade, FG:

FT = FA + FR + FD + FG pounds , (3)

where

FA = Kl We d v / d t

FR = KrW cos(tan"
:G)

FD = K2 cdAvr

"1FG = W sinftan"
1 G)

where

Kj = 0.0455

K 2 = 0.0334

Kr = coefficient of rolling resistance

W = weight, 1b

We = effective weight, 1b

G = per cent grade/100

dv/dt = acceleration, mph/s

p = air density, Ib/ft

Cd = drag coefficient

A = projected frontal area, ft

vr = relative vehicle speed (wind plus

ground speed, mph)

The coefficients, Kr and CdA, are determined

from coast-down tests.

(2) Drivetrain. The differential is de-

scribed by an equation relating torque as a function

of load as derived from gear efficiency curves,

Eff = 1/(1 + (4)

where K is the loss coefficient and T is the load

torque.

The transmission is modeled identically to the

differential, except the loss coefficient K may have

a different value.

Specific traction motor curves that (Fig. 24)

relate both flux as a function of motor current and

motor efficiency as a function of motor current and

speed are used as the basis for calculating motor

output torque and losses. Relating the motor per-

formance to flux allows the use of measured data

that includes degree of saturation.

The motor controller is modeled as a solid-

state SCR chopper circuit with variable frequency

and variable pulse width controls.

Battery voltage and state of charge is deter-

mined from battery curves that relate battery volt-

age capacity, and state of charge (discharge) as

shown in Fig. 25. Curves such as those shown in

Fig. 26 are used to derate the battery as a function

of discharge rate.

Fig. 23. Fuel cell vehicle configuration.
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Fig. 24. ElectraVan's baldar motor 100-V charac-
teristics.
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Fig. 25. Lead-acid battery charge-discharge char-
acteristics.
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Fig. 26. Rate of discharge vs A-h capacity (yield)
at different temperatures.
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Fig. 27. Characteristics of 60-kW ERC methanol fuel
cell system.

The fuel cell output voltage is derived from
curves relating fuel cell voltage and load current
for a specific fuel cell type and rating (Fig. 27).

The fuel cell processor is the hardware asso-
ciated with reforming a liquid fuel in order to sup-
ply the fue1 cell with hydrogen. The processor hy-
drogen output is determined from data relating ef-
ficiency as a function of fuel cell output power.

The fuel cell-battery controller subsystem de-
termines how much vehicle power is supplied by the
battery, fuel cell, or both. It also controls when
and how much current is available from the fuel cell
for battery charging.

The structure and capability of the vehicle
simulator described will allow the user to predict
vehicle performance. The simulator outputs are in
terms of fundamental variables in orde- to directly
compare results with measured vehicle data.

d. Microprocessor-Based System for Roll-Down
and Acceleration Tests. A microprocessor-based,
road-test system for measuring and recording roll-
down and acceleration data for various vehicles has
been designed and built. The system provides
for rapid vehicle testing, can be operated by one
person, and allows detailed data acquisition when
required. Digital data storage and output capabil-
ity allow direct exchange of data with other com-
puters or calculators for data analysis and reduc-
tion. System input is distance, which is obtained
from a fifth wheel, and elapsed time. The micro-
computer system records time to the nearest 0.01 s,
distance to the nearest foot, and calculates veloc-
ity to the nearest 0.1 mph. Data can be stored at
specified time, distance, and velocity intervals.
Current time, distance, and velocity are displayed
on a liquid-crystal display panel. A calculator
prints a summary of the run. Detailed data are
stored in RAM and are output to magnetic tape at the
end of the run. The tapes are input to plotting
programs and to data reduction programs that cal-
culate rolling friction and aerodynamic drag. The
road-test system has been used to test a number of
vehicles. In most of the tests one person drove the
vehicle and operated the system.

(1) Hardware Configuration. A simplified block
diagram of the road-test system is shown in Fig. 28.
The primary system input is 100 pulses/ft from the
fifth wheel. These pulses are divided by 100 for
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MINIMUM CONFIGURATION
512 BYTES OF RAM
2K ROM MONITOR
2K PROGRAM ROM
8 6 BIT I/O POPf O

Fig. 28. Simplified diagram of Lamar Instrument's
road-test system.

the distance counter and fed directly to a BCD

counter for the velocity calculation. The remaining

inputs are provided by two timers and the status

switches. The time counter is updated every 10 ms.

Velocity is determined by reading the BCD counter

every 68 ms. Then

N/100 60 . N mnh
UJ05B * W ' TO mph (5)

where N is the number of counts.

The status switches define whether an acceler-

ation or coast-down run is required and whether the

system is in the run or standby condition. A coast-

down run begins when the run-standby status is

changed from standby to run. An acceleration run

begins automatically when the foot counter reaches

1 ft.
The two timers and the foot counter interrupt

the microprocessor so that it can update time, dis-

tance, or velocity. The timers interrupt at 10- and

68-ms intervals; the foot counter interrupts at

1 60 = 0.68
v BE ~v (6)

For v = 100 mph, the foot counter interrupts the

processor every 6.8 ms. The three interrupts occur

on the average of every 3.82 ms. The external stat-

us switches are read during initialization, in the

background program, and immediately after each in-

terrupt.

The highest priority is assigned to the 68-ms

timer, which is the most critical interrupt. The

BCD counter must be disabled, read, reset, then en-

abled at precise intervals in order to give accurate

velocity readings. The disable, read, reset, enable

sequence takes 22 us, or about 0.03% of the 68-ms

count time. As long as the 10-ms timer and foot

counter are updated before the next time interval

or foot occurs, there is no error accumulation in

time or distance.

The system diagram shown in Fig. 29 includes a

more detailed description of the processing unit.

The processing unit contains a MOS Technology 6502

microprocessor, 4 kbytes of read-write memory,

sockets for up to 8 kbytes of program read-only

memory, twelve 8-bit I/O ports, 10 timers, 4 shift

registers, and a 2-kbyte monitor stored in ROM. The

road-test system requires 512 bytes of RAM (2 to 4

kbytes for detailed data storage), 2 kbytes of pro-

gram ROM, eight 8-bit I/O ports, 3 timers, and the

2-kbyte ROM monitor. The remaining capacity can be

used for an expanded vehicle instrumentation system.

System output is provided by a 16-digit liquid

crystal (LC) display and on an HP-97 printing cal-

culator. The LC display is normally placed on the

vehicle dashboard and shows elapsed time and dis-

tance and current velocity. The HP-97 prints

elapsed time and distance and velocity at specified

times, velocities, and distances. For acceleration

runs the printer prints at 10 and 20 s (at each

10-mph interval) and at 100, 300, 500, 900, 1320.

and 1400 ft. The print points for coast down are

10, 20, 50, 70, and 90 s (each 10-mph interval) and

100, 500, 1000, 2000, and 5000 ft.

Additional data can be saved in RAM if desired.

The data can then be output to tape or printed on a

data terminal at the end of the run. Time, veloc-

ity, and distance are now saved each second and each

mile per hour for both acceleration and coast down.

In addition, data are saved every 200 ft for accel-

eration runs and every 500 ft for coast down. For

most applications, saving data each second is ade-

quate. Both the print points and the sa'e points

are software defined and can be easily changed.

The data stored on tape can be processed by a

number of systems. At LASL most of the data were

processed by a HP-9820A desk calculator with s 9S62A

plotter. Some data processing was done with a 6502

microprocessor system and some with a CDC 7600 com-

puter.

27



100 PULSES

BCD COUNTER c 16 DIGIT
LC DISPLAY^

I/O
A

I/O
B

SR

T2

i

•8

I/O
A

I/O
B

SR

Tl T2 1 
65

22
-2

4K

RAM

PER FOOT
100

it

I/O
A

I/O
B

SR ,

T l T 2

6
5

2
2

-3

ADDRESS/DATA/CONTROL BUS

11
8K

ROM
SOCKETS

6502
MPU

DO
g" PRIORITY Q

D3 INTERRUPT
g;» ENCODER
D6 AND LATCH
D7

INT ID

ENABLE. RESET

I/O
A

I/O
B

SR

T l T 2

.INT RESET

I/O
B

I/O
A

Is

-?
o
£

K 
R

O
M

o

6
5

3
0

-

1/0

B

T

I/O
A

r
PERIPHERAL BUS

1

TTY
INTERFACE

KEYBOARD
AND

DISPLAY

AUDIO
TAPE

INTERFACE

2 to

l l j </> CO

/"AUDIO TAPE
V̂  CASSETTEJ

Fig. 29. Lamar Instrument's computerized road-test system.

The keyboard and splay can be used to address

memory, enter data, begin execution of a program,

reset the system, or interrupt the processor. The

display consists of six 7-segment digits to display

the address (4 digits) and data (2 digits).

A data terminal can be connected through the

TTY interface to enhance the I/O capabilities of the

system. Specifically, a Tl 733 ASR with a TTY to

RS-232C adapter is used, although other TTY 20-mA

current loop or RS-232C compatible terminals can be

used.

The audio tape is used to enter data and pro-

grams into RAM or store them on tape. In addition,

the Tl 733 ASR can be used for the same purpose,

except that the tapes are in a digital format com-

patible with the LASL CCF, as well as most other

data centers.

(2) Software Description. The major por-

tions of the software are the initialization rou-

tine, the background programs that provide ouiout

to the LCD and the printer, the interrupt ID rou-

tine, and the three interrupt service routines tnoi;

update velocity, distance, and time.

The turn-on sequence and background programs

are shown in Fig. 30. After the processor is ini-

tialized, the default print and save values for

time, velocity, and distance are loaded from ROM to

RAM. Once in RAM, these values can be changed with

the keyboard, if desired. The default values are

stored in an erasable PROM and are easily changed

with an EPROM programmer. The LCD-output routine

updates the display with the current values of

elapsed time, velocity, and elapsed distance. The

display is updated every 0.5 s. If the display is

updated too rapidly, readability is reduced. The
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Fig. 30. Initialization and background program.

HP-97 output routine sends data to the HP-97 as long
as there are data in the print buffer. Since there
is no handshaking with the HP-97, delays are used
between output commands. A delay of 120 ms between
each data character and a 1.28-s delay between print
commands provides reliable operation.

The interrupt identification routine first
saves the accumulator and the two index registers,
reads the external status switches, and reids the
priority interrupt encoder. The routine then de-
termines if the interrupt was from the 68-tns timer,
the foot counter, or the 10-ms timer, and jumps to
the velocity distance or time service routine ac-
cordingly.

The interrupt service routines update velocity,
distance, and time when required. A flow chart of
the velocity update routine is shown in Fig. 31.
This routine reads the BCD counter, stores '•he cur-
rent value of velocity, determines if a run is in
progress (system in run and distance greater than 1

Fig. 31. Velocity update routine.

ft), saves data if appropriate, resets the mph in-
terrupt flag, and returns. The foot and time rou-
tines increment and store distance or time when ap-
propriate, reset the interrupt flag, and return to
the background program.

The 2-kbyte ROM monitor, supplied by MOS Tech-
nology, permits input and output through the key-
board and display, a TTY-compatible data terminal,
and an audio tape unit. Use of a TI 733 ASR and
RS-232C adapter permits I/O from digital tape cas-
settes. The monitor also allows program execution
to be started or stopped from the keyboard or the
data terminal. Deta are saved on tape at 1-s and
1-mph intervals and are then available for plotting
or further data reduction.
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Some additions to the MOS Technology monitor
have been written that

• provide more convenient display of a memory

block on the data terminal,

• move memory block 1 to memory block 2,

• set memory block to a hex number,

• compare memory block to a hex number,

• compare memory block 1 to memory block 2. and

provide faster dump of memory block to audio tape.

e. Determination of Vehicle Rolling Resistance

and Aerodynamic Drag.

(1) Data Analysis Techniques. The rolling

resistance and aerodynamic drag were determined for

a number of vehicles by conducting roll-down tests

at the Albuquerque, New Mexico, drag strip. This

section describes the data analysis techniques, the

testing procedures, and the results of those tests.

Straight-line vehicle motion on a level surface is

described approximately by

pC.A
(7)

where F = road force, pounds

W = vehicle weight, pounds

v = vehicle velocity, miles per hour

w = velocity of wind component parallel to

vehicle and in opposite direction,

miles per hour

a = slope, degrees

t = time, seconds

kr = rolling resistance

P = air density, lb/ft3 (p = 0.0766

at 15°C, 1 atm)

Cd = drag coefficient

A = frontal area, ft .

When the vehicle is coasting, F = 0 and

v = -21.95(k_ + sin a) -
PCdA

1.364W (v + wf (8)

For a level surface and no wind, this equation has
the solution

v = tan (tf - t)

30

(9)

- tan Bt

1 + — tan Bt

where

= 29.94
PC dA

16.10

and

v0 = initial coast-down velocity.

Equation (8) indicates that for coast down with

constant grade and w = 0, acceleration is a linear

function of v . Then, if acceleration is calcu-

lated from the coast-down data and plotted as a

function of v , the linear regression line can be

used to calculate kr and PCdA. The correlation

coefficient provides an indication of the quality

of the data, provided a reasonably large number of

points are used.

If the wind is not negligible, v vs v2 from

Eq. (8) departs from a straight line. Ideally, the

coast-down tests should be done with no wind; how-

ever, program schedules and deadlines rarely permit

this luxury when a number of vehicles are to be

tested. Therefore, the effects of the wind were

approximated so that corrected values of kr and

CdA can be obtained. In addition, the wind can

be calculated from the coast-down dat.i and compared

with the value measured at the time of the run.

When a vehicle is being characterized with

coast-down runs, half of the runs should be done in

one direction, the other half should be done in the

opposite direction. This partially cancels the ef-

fects of wind and grade. To illustrate, Fig. 32

shows v vs v for a number of east and west runs

done with a Rabbit. The linear regression lines for

each direction are also shown. The different slopes

of the east and west regression lines are caused by

an east to west wind of approximately 5 mph.
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Bw = 21.95(kr - sin a) + j-^ (w - f vojw , (15)

(16)M

and

P Cd A /, . 15 W

L"dft /, 15 w_\
- 1-364W [l - 8 vj (17)

MPH SQD

The B's and M's are the intercepts and slopes

of the east and west linear regression lines, which

can be obtained graphically. The values obtained

Fig. 32. Acceleration as a function of V2 for a
 for the Rabbit are 9iven in M 9 - 32" H a v i n9 deter'

VW Rabbit. mined the B's and M's, Eqs. (14)-(17) can then be

used to determine w, C^A, and kr, provided the

The approximate effects of the wind can be ob- vehicle w e i 9 h t and air den^itv are

tained from the east and west coast-down equations,

which are

PCHA
-*E = 21.95 (kr + sin „) + j - ^ m (vE + * HO)

and

21.95 (k r- Sin a) • -2w) (11)

where an east to west wind is positive. If the wind

effects are small, Eqs. (10) and (11) can be approx-

imated by

-vE =

and

"w V

(12)

(13)

where the effects of the wind modify the B and M

coefficients. If the least square error criterion

is used to match Eqs. (12) and (13) with Eqs. (10)

and (11), then

BE = r, .95{kr sin a) • (w • | , (14)

known

(18)

(19)

and

- (ME
2 x 21.95 (20)

The coast-down data are therefore analyzed in

the following manner. First, a linear regression

analysis is performed on all the east runs and all

the west runs (an equal number in each direction

should be used). Next, Eqs. (18)-(20'l are used to

verify the wind velocity, then calculate CJA and
2 ?

kr. If v vs (v + w) or v is plotted using the

correct value of wind, Eqs. (10) and (11) indicate

that the east and west regression lines should be

parallel. This provides an additional check on the

data and the calculations. An example of the pro-

cess is given in the results section.

(2) Test Procedures. Roll-down tests were

conducted on 12 vehicles over a 3-day period at the

Albuquerque, New Mexico, drag strip. At least four

runs were made for each vehicle; one run in each
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direction from approximately 60 to 35 mph and from

approximately 40 to 0 mph. Time was measured to the

nearest 0.01 s, velocity to the nearest 0.1 mph, and

distance to the nearest foot. Velocity and distance

were saved in read-write memory at 1-s intervals,

then stored on magnetic tape at the end of each run.

The tapes were then used as input to plot routines

and for data reduction programs that calculate C^A

and kr.

Extreme care was taken in conducting the coast-

down tests so that valid data would be obtained.

Vehicles were thoroughly warmed up, weighed, tire

pressures checked, windows rolled up, and wind ve-

locity, air temperature, and air pressure were meas-

ured. The drag strip was surveyed and the quarter

mile section was found to be level (average grade

0.006%, maximum grade 0.07%). The maximum grade was

0.29% at the end of the deceleration track. This

would change the acceleration by 0.064 mph/s and,

for a 3000-lb car, would change the force by 8.7 lb.

This portion of the track was not used for coast-

down tests. Equation (10) or (11) shows that a

constant wind velocity changes C^A by a factor

-, + 15 w_

for a one-way run. For a 5-mph wind and an initial

velocity of 60 mph, the factor is 1.156. When the

two-way average is taken, this error is substan-

tially eliminated.

It was found that vibration and bounce of the

fifth wheel seriously affected the coast-down tests.

A substantial effort was made to minimize wheel vi-

bration and bounce. A smooth test track is also an

important factor in minimizing vibration and bounce.

Most of the data analysis and reduction was

done on an HP-9820A desk calculator with a 9862A ink

plotter. Both calculator and plotter were taken to
the test track so that plots could be obtair.ed and

data analyzed immediately. This provided valuable

immediate feedback for evaluating the quality of

data obtained and the effects of factors such as

wheel bounce, wind, and variations in track grade.

(3) Results. As an example, C^A and kr will be

calculated for a Rabbit from data obtained from the

roll-down tests. Five runs were done in each

direction and data were saved at 1-s intervals.

Figure 33 shows a v vs t plot, corresponding to Eq.

(3), for one of the runs. The v vs v plot for all

10 runs and the linear regression line for each di-

rection are shown in Fig. 32. In addition, the

values of ME, Mw, BE, and By are given in the equa-

tion for v^ and vw.

The altitude of the drag strip is 5000 ft, the

pressure was 24.9 in. of mercury, and the ambient

temperature was 25°C. The density of dry air is

(21)

where P 0 is a known density at absolute temperature

T o and pressure Po. Since Po = 0.0766 lb/ft
3 at

15°C, 1 atm (29.92 in. of mercury), the corrected

air density is

P = 0.0766 x |{j§ x = 0.0616 lb/ft3 (22)

The test weight of the Rabbit was 2500 1b anu the

initial coast-down velocity was 62.3 mph. Using the

values for the B's and M's in Fig. 32, the calcu-

lated wind is

w = 8 x 62 3 x g-2J3 - 1.597

= 5.37 mph (east to west).

The aerodynamic drag and rolling friction are

CdA = 10.5

(23)

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150160 170 ISO
SECONDS

Fig. 33. Coast-down plot for a VW Rabbit.
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and

0.6528 - 0.0110
2 x 21.95

= 0.0146.

2
It was pointed out above that when v vs v is

plotted using the correct value of wind, the east

and west regression lines should be parallel. Fig-

ure 34 is a plot of v vs v of the two regression

lines for a 5.4 mph east to west wind, showing that

the two lines are, in fact, essentially parallel.

Acceleration was calculated every second and

velocity was measured to the nearest 0.1 mph. This

allows a same direction run-to-run variation of

0.2 mph/s, which accounts for much of the scatter

in data shown in Figs. 32 and 34.

The same technique was used to calculate roll-

ing friction and aerodynamic drag for the other ve-

hicles tested. The results are tabulated in Table

V. These results have been used in a technical and

economic evaluation of Fuel-cell-powered vehicles.

They have also been used as input to a computer

program capable of detailed simulation of a battery-

powered or fuel cell battery-powereii electric vehi-

cle.

(4) Conclusions. During this period, the

preliminary technical and economic evaluation of

fuel-cell-powered vehicles has been performed and a

number of basic tools necessary for a more detailed

analysis have been developed. A general electric

vehicle simulation code has been written and a fifth

wheel microp''ocessor-based vehicle instrumentation

system has been developed.

The mode of this program at the present time,

based on the resuHs obtained during this period,

is cautious optimism. It appears that the fuel cell

vehicle may indeed be a viable option in the future;

however, there remains fa*" more preliminary work to

be performed before final conclusions can be drawn.

MPH SQD

TABLE V

ROLLING FRICTION AND AERODYNAMIC DRAG RESULTS

Vehicle

Fig. 34. Acceleration vs v? corrected for wind.

Honda Accord

VW Rabbit

Ford Granada

Ford Pinto

ElectraVan

Ford pickup truck

Air Force truck (1-1/2-ton Dodge)

Air Force bus

Toyota
GMC plus camper

Ford van

0.0166

0.0146

0.0164

0.0166

0.0183

0.0197

0.0142

0.0117

0.0129

0.0170

0.0155

10.4

10.5

12.8

13.6

14.4

26.7

38.7

39.2

11.6

5fi.7

24.5
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B_. Program Support

1. Introduction. This section of the report

describes E Division's role in those LASL programs

where there is a long-term dedicated effort. The

discussions include the general nature of the over-

all program, as well as the technical nature of our

support.

2. Security and Alarm Systems (Associate Di-

rector, Administration) [Des Jardin, Brenner, Corn-

well, Criscuolo, Hall, Hart, Hartway, Horn, N. John-

son, P. Johnson. Kissane, Parker, Reitzel, Rivera,

Rose, Sanders, Shoemaker, Whitfill, Wilkins, Wil-

liams, E-5; Lucero, Gentry, Myers, E-2; Schwalm,

E-l].

a. Central Alarm Station. The central alarm

station (CAS) is under construction and should be

completed by early summer 1979. The building will

initially be occupied by the Group E-5 Security and

Alarm Section personnel, who will prepare it to ac-

commodate the separately contracted LORAX CAS com-

puter system. Depending upon the successful con-

tractor for LORAX, early equipment staging in the

CAS may be necessary; therefore, allocation of all

CAS space has not been done.

b. LORAX FY-78 Purchase. The functional spec-

ifications for LORAX have been completed -ind re-

leased with an RFQ by the Supply and Property De-

partment. The final specification included 4 vol-

umes with a total of 370 pages. Approximately 150

copies were sent to LASL and DOE personnel, invited

bidders, and interested subcontractors. From a list

of 120 interested parties, 40 companies were se-

lected and invited to bid as prime contractors on

the LORAX. The RFQ was written as a total system,

firm fixed-price purchase, from a single prime con-

tractor over a two-phase procurement. Phase I in-

cludes all CAS equipment necessary to accomplish the

full upgrading of the intrusion detection system

(IDS); it must be compatible with phase II additions

of fire, plant, and Badge Office security systems

(BOSS). Phase I field implementations require mul-

tiplexing a few buildings for IDS, an IDS operator

console in Station 100 and the CAS, and miscellane-

ous support function consoles for maintenance and

data communications expansion. Phase II field im-

plementations- wi I 1 include all field upgrading for

the remaining IDS, all fire and plant alarm operator

console upgrading in all DOE fire stations, com-

puter-aioed dispatching capabilities, further sup-

port capabilities in the CAS, and implementation of

the BOSS.

The RFQ was let in mid-October and a bidders'

conference hosted by Group E-5 was held at LASL on

October 30, 1978. Approximately 20 companies reg-

istered and LASL, DOE, and other interested person-

nel attended. The conference was well received by

the attendees and approximately 10 companies indi-

cated their intention to bid as prime contractors.

Following the general bidder conference, 3 wk

of individual sessions were held with interested

bidders. These sessions helped bidders signifi-

cantly in their understanding of the LORAX program

and provided an opportunity for our personnel to

assess the bidder capability for LORAX. Clarifica-

tions resulting from the bidders' conference and

the individual sessions were provided to all

invited bidders as a 45-page errata list covering

program- matic, contractual, and technical aspects

of the LORAX purchase.

The initial due date for the proposals was

January 4, 1979, but this was extended to January

29, 1979, because of the holidays. The LASL pro-

posal evaluation of the proposals is expected to

take about 60 days. Because of DOE approval time

and other unknown factors, the contract will proba-

bly not be awarded until July 1979. Delivery times

and implementation schedules will be determined

entirely by the successful bidder, but typical times

would be an 18-month installation, shakedown, and

acceptance test period, with final IDS alarm opera-

tion by LASL and DOE personnel within 24 months.

Phase II contracting should begin with the

award of the contract with the available fire pro-

tection improvements funding from FY-79 and any re-

maining FY-76 funds. Phase II IDS funds are still

being negotiated. The total phase II upgrading for

all integrated fire, security, and plant alarm sys-

tems is expected to take place over a 5-yr period.

c. Intrusion Detection Sensors. Because much

higher technology is required in the interim system

and LORAX, the efforts of Group E-l are being aug-

mented by the E-5 Security and Alarm Section in sup-

plying engineering effort for data communicati'm,

sensor development, multiplexers, and computer sys-

tems.
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The E-5 responsibilities include developing a

statement of work (SOW) for each alarmed security

area. The SOW will indicate the purpose of the work

and provide data on senrr>r selection, coverage, op-

eration, validation, and maintenance. In addition

to the SOW, we will be responsible for establishing

schedule, budget, and manpower requirements. After

necessary approvals have been obtained, we will be

responsible for the sensor and control set implemen-

tation.

Current activities involving the existing ADT

system include expanding it with additional alarms

installed in TA-78, TA-21, and TA-3. Upgrading ac-

tivities involving TA-3, SM-29, and TA-41, W-4, nave

been completed and are now the only areas on the

interim system. We expect to begin upgrading TA-3,

SM-66, and SM-35 in January. Areas to be upgraded

in the near- future include TA-18; TA-16; and TA-3,

SM-164. We have not yet determined sensor require-

ments for these areas.

Representatives from Sandia Laboratories,

Albuquerque (SLA) visited LASL to examine TA-21,

DP-3 and DP-4, in response to a request from the

Albuquerque Operations Office (ALO). The SLA rep-

resentatives requested that we supply them with pre-

liminary plans for alarming these buildings. A

first-pass plan was explained in a memorandum that

specified only the types and numbers of devices ex-

pected to be used in the buildings. More accurate

information was not available because tests could

not be completed due to time constraints.

The PM-203 portal monitor, manufactured by Tom

Scurry Associates, was evaluated from the standpoint

of the its susceptibility to defeat. This examina-

tion revealed that the monitor could be protected

with little difficulty, that it possessed better

line supervision, and that it was easier to operate

than portal monitors now in use at LASL.

Two new microwave space alarms are being pur-

chased for evaluation from Omni Spectra, Inc. The

first is a Model 120-33062, which is a ceiling-mount

detector. This detector will ••: evaluated for use

in areas that would otherwise require numerous

standard wall-mount detectors. The second space

alarm is a Model 160-33059 that incorporates a

120-Hz filter. The filter allows this detector to

be used in areas that must be illuminated by fluor-

escent lights in the secure mode.

Investigations into perimeter alarms for spe-

cial nuclear material (SNM) areas have begun. These

investigations include obtaining various meteorolog-

ical and seismic data for SNM areas. We have con-

tacted Del Norte Technology, Inc., a supplier of

perimeter alarm equipment, about using either their

AIDA or CIRCE system at LASL. The Del Norte Tech-

nology representative made a number of suggestions

including making on-site seismic studies. It is

evident that these studies must be made; however,

until funds become available the study must be post-

poned. The Del Norte system, as well as other sys-

tems such as the Sylvania FPS-II system, will be

investigated in more detail in the future.

d. Communications. Data communication links

must be provided from the Los Alamos Area Office

(LAAO) to interim system sites. These sites include

the CMR building, TA-41, Sigma, TSL-87, and TA-21.

Communication line speeds up to 4800 bps are re-

quired. Type 82 lines will be ordered fo>" the in-

terim system. These lines will be evaluated for

availability and line speed requirements. The two

most pressing needs in terms of interim system com-

munications are documentation requirements and com-

patibility with LORAX.

The access control booths at TSL-87 must be

supplied with TV and data communications lines. A

bid of $42 000 for installation of coaxial cable

from TSL-87 to Pajarito road was received. After

reviewing this bid, a tentative pi ̂ n to use slow-

sca-. TV was formulated, although this approach may

not be as effective.

A determination of the data communications

needs for LORAX must be made and recommendations of

how to meet these needs developed. Liaison and

guidance will be required in these areas. A deter-

mination of LORAX needs for a LASL-wide data com-

munication system must be made. One problem has

already become apparent. Since the LASL-wide com-

munication system may not be ready, the LORAX system

will have to operate over telephone lines initially.

When the wideband communication lines are available,

the telephone line modems will not be readily

switchable to the coaxial cable. Conversations with

Network Analysis Corporation have indicated that

they are wining to advise us and work with us. If

this is not done soon, modems may be purchased for

LORAX ti;at will later be unusable. Properly
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conditioned telephone lines are difficult to main-

tain to their specifications. This will become a

major problem for the LORAX and, coupled with the

above mentioned modem problem, should provide ade-

quate reasons to rapidly press for a LASL wideband

communication system to provide the reliability and

redundancy needed.

e. Fire Liaison. Liaison with the Los Alamos

Fire Protection Advisory Committee (LAFPAC), ENG-2,

and the DOE Fire Department has been initiated.

Fire Department personnel have ^een given a set of

E-5 floor plan drawings for the CMR building to mark

for appropriate fire alarm system (FAS) signa-

tions. An outline of work to be initiated in the

areas of microfiche, fire preplans, multiplexer in-

stallation, and the interim system was made and a

preliminary book on the CMR building was started.

An on-site review of work related to the SESCOA

dialing systems at TA-54 and TA-36, with its asso-

ciated bunker sites, was conducted.

f. LORAX Plant Monitor System. Initial con-

tacts have been made with ENG-4 personnel in pre-

liminary efforts to initiate problem definition and

system requirements. We are awaiting documentation

thot describes the existing ENG-4 SCAM plant monitor

system.

g. Interim Security System. The interim se-

curity system central station equipment consists of

a PDP-11/34 computer and support peripherals includ-

ing a programming terminal, a data base manager

terminal, a high-speed alarm logger, and an alarm

operator console. The field equipment includes the

communications network, 20 data concentrators (mul-

tiplexers), the wiring plant, and various alarm de-

vices. The interim system is intended to satisfy

the need for immediate security coverage until a

more comprehensive and flexible system can be de-

signed and acquired.

The computes' and peripherals were installed at

TA-0 and checked out in June 1978. The typical

problems attendant with new equipment were solved

by the second week of July. This part of the system

has run continuously since that time with only per-

iodic maintenance interruptions.

The multiplexers were delivered in three

groups: five in June, ten in August, and five in

December. The TA-3 (CMR) installation, which re-

quired eight multiplexers, was essentially complete

by mid-August. It has been running in a test mode

since that time in order that we may observe relia-

bility and develop appropriate displays and proce-

dures for the security operators. The installation

at TA-41, which required two multiplexers, is fin-

ished except for the data base entries and system

check-out. These items will be completed soon.

Plans have been made for installation at SM-164,

SM-66, SM-35, TA-35, and TA-21. Surveys are being

conducted for future expansion into TA-16 and TA-18.

The diesel generator and uninterruptab'le power

supply have been installed at LAAO, building 100,

and acceptance tests run. The power system is com-

plete except for some items associated with the

diesel generator and final closure of the distribu-

tion boxes. The entire system should be completed

by the third week of December.

The computer system was moved to building 100

during the first week in November. Problems gener-

ated by the move have now been solved and the sys-

tem is functional. Protective force training will

start on Monday, December 18, and the system should

be fully operational for TA-3 and TA-41 during Jan-

uary 1979.

The software has been modified to provide the

displays, logs, and communication monitoring re-

quired for this kind of system. Innocent appearing

program changes can often produce catastrophic mal-

functions, but virtually all the repairs have been

made by E-5 programmers working from PDP-11 code

listings. The applications programming is now com-

plete and the present package appears to be stabil-

izing; however, the possibility exists that as more

areas aie brought into the system some problems may

appear.

h. CMR Access Control System. A contract was

awarded to Harco Industries, Inc., for a stand-alone

automated Security Access Control System (SECA) to

be installed in the CMR building. This SECA will

be usod to control physical access to the CMR area,

building, and vaults. Control will be accomplished

through the use of the standard LASL magnetic-stripe

badges, which are encoded with personnel and badge

identification numbers. In some instances, a mem-

orized 4-digit identification number will also be

required to be input for more highly controlled ac-

cess into sensitive areas. The SECA is comprised

of a NOVA-3 minicomputer, associated control and
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interface electronics, four badge reading units, one

redundant indicator panel, a system activity logger,

and a printer-keyboard terminal. Only three of the

badge reading units will be operable when the SECA

first becomes operational. Two of the badge reading

units will aid the inspectors in controlling access

through the front door and loading dock entrances;

one unit will be used to control access to a storage

vault and the other unit will be used to control

access to the CMR area through the Mardix booth lo-

cated at the back gate entrance. The redundant in-

dicator panel informs the inspectors at the front

door station of vault and booth activity by redun-

dantly displaying the access status of the various

stations through indicator lights.

The system logger is also located at the front

door station. Its chief functions are to inform the

inspectors of any unusual activity, record all vault

activity, record all after-hour activity, and pro-

vide on-demand status reporting such as listings of

all personnel in the building. The printer-keyboard

terminal is primarily used to enroll authorized

personnel into the data base, which is used to de-

termine if access is to be permitted or denied. All

updating and querying of the data base can be ac-

complished only through this terminal.

Harco delivered and installed the SECA during

the latter part of November 1978. Acceptance test-

ing was conducted December 2, 1978. All deliverable

hardware, firmware, and software were acceptable

with the exception of the redundant indicator panel.

Changes required to make the redundant indicator

panel acceptable are currently being implemented,

and the unit is expected to be operational by the

end of December 1978. The SECA documentation is in

various stages of completion. Most of the documen-

tation has been completed and needs only to be put

into a more formally orqanized package.

The application software for the SECA is being

implemented. This effort is scheduled for comple-

tion during the latter part of January 1979. The

software effort includes all access control algor-

ithms, data base management, and information re-

trieval reporting. The operational target date for

the SECA is February 1, 1979.

i. TSL-87 Access Control Booth. A proposal

was submitted September 1978 in response to a re-

quest from L-DO for an unattended automated access

control booth for building TSL-87. The proposed

booth is to be used for controlling access to the

security areas of TSL-87 during all periods outside

established working hours.

The proposal was approved by ALO, LASL Secur-

ity, and L-DO with some minor modifications in No-

vember 1978. A work order was issued the week of

December 4, 1978, and the implementation effort was

started at that time. The booth should be opera-

tional by the latter part of June 1979.

The TSL-87 access control booth will eliminate

the need for the physical presence of a guard in

order to enter or exit from the security area within

the building during off-hour periods. Individuals

desiring entrance to TSL-87 will be required to pos-

sess a valid LASL magnetic-stripe badge, be properly

enrolled into the TSL-87 data base, and possess a

key to the outside set of vestibule doors. Entrance

will be permitted only when the access control booth

properly validates ar individual's LASL badge and

the individual enters a designated number. Access

will not require any guard intervention. If any

unusual conditions are detected by tho booth, the

individual will be required to use the telephone

located at the booth to contact Station 100 so the

situation can be satisfactorily resolved. All booth

activity will be permanently recorded on the system

logger located at Station 100.

3. AP-Division Support f Deal, Robinson, Wins-

ton. E-5; Shapolia, E-2 ]. We provide electronic

support to the various AP laser photochemistry ex-

periments before and while they are conducted. In-

dividual experiments r:ay vary in length from a few

days to several years. Almost all of them are con-

ducted in a high EMI environment and the more so-

phisticated ones employ computer-based real-time

control and data-acquisition systems. The elec-

tronics for these experiments must, therefore, be

designed or specified by those knowledgeable in the

special requirements of this composite environment.

Our contribution to this effort requires that

we design new circuits, modify existing circuits for

new applications, modify new and old instruments for

compatibility with existing hardware, supervise

technicians in the fabrication, testing, and in-

stallation of new equipment, write specifications

and order new instrumentation, trouble shoot the

experimental equipment and software and fabricate



and install urgently needed electronic components.

This includes such tasks as the control circuitry

for the PRL-III experiment, a computer interface for

an optical multichannel analyzer, and a three-dimen-

sional servopositioner.

One experiment, 1 aser-induced fluorescence

(LIF) studies, used all available computer mem. ry,

yet program requirements continued to grow. The

solution was to use a fiber optic link to a host

computer, a Data General Eclipse, for data analysis

and reduction. Data can now be acquired on the NOVA

satellite, quickly sent to the Eclipse user disk,

and later recalled for analysis and plotting. This

eliminates the need to use floppy disks to transport

data to the host. The LIF experimenter can quickly

switch to the Eclipse and run data analysis using

the NOVA as an intelligent terminal, and switch back

to collect more data. By removing all data plotting

and analysis from the satellites, about 25% more

satellite memory is available to the experimenter.

Support for the JUMPer project during this

period has involved developing components for fiber

optics links. A relay control link for a noisy en-

vironment was developed and operates satisfactorily.

Additional units have been built. A light puiser

was developed for AP-2. The light source is an in-

jection laser with an output of up to 20 W. The

pulser, which will dump up to 100 A into the laser,

way be externally triggered or run at its own rate

from 10 Hz to 3 kHz. Transmitter and receiver cir-

cuitry for a fiber optics link was developed for

AP-2. This system now being fabricated will evalu-

ate a special laser diode, a light-sensitive diode,

and fiber optics. A fiber optics link with a high-

voltage output for firing spark gaps was also de-

signed. An output pulse of 50 'o 100 kV is re-

quired. The link has been completed, but difficul-

ties are being encountered with the pulser.

4. CMB-Division Support.

a. TSTA (CMB-3) [Grundmann, McDonald, Spring-

er, E-4; Damran E-5J.

Analysis. The Tritium System Test Assembly

(TSTA) is a LASL facility being constructed for the

purpose of developing, demonstrating, and interfac-

ing technologies required in the deuterium-tritium

fuel cycle of future fusion reactor systems. An ar-

tistic version of this facility is shown in Fig. 35.

The facility is basically a physical simulation of a

Fig. 35. Tritium systems test assembly.

fusion reactor tritium system including the vacuum

system, fuel injection, fuel cleanup, isotope sepa-

ration, control, and emergency systems. Flexibility

is being designed into the system to allow testing

of new components under actual deuterium-tritium

conditions. The overall objective of the project

is to demonstrate the long-term reliability and

safety of deuterium-tritium handling facilities.

The estimated cost of the project is $12 million and

is presently scheduled for completion in the 1980-81

time frame.

E-Division support involves assisting in the

design and installation of the instrumentation and

computer control system in the facility. To aid in

the TSTA effort, computer simulations of the vacuum,

fuel cell cleanup, and isotope separation systems

are in progress. These simulations will aid in the

design process by providing simulated performance

evaluation of any component as it interacts with the

rest of the system in which it operates. The first

computer simulation of a major component was com-

pleted in November 1978. It is a dynamic model of

one isotope separation system distillation column

including automatic controls. This simulation is

described below.

When the distillation column design was com-

pleted, analysis revealed that controls would be

necessary to maintain constant tritium concentration

overhead (YT2) even when tne tritium concentration

of the feed (ZJ2) varied (see Fig. 36). This

overhead control can be accomplished by controlling

the flow out of the column at the bottom (B). Hand

calculations can verify the validity of bottom con-

trol when they are manually operated. However, if
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Fig. 36. The distillation column modeled by 66 fi-
nite difference nodes with overhead trit-
ium stabilized by ? bottom flow control
loops.

automatic bottom controls such as those in Fig. 36

are desired, then a dynamic simulation of the entire

column with controls is required to verify the auto-

matic control loop stability.

The required dynamic simulation was implemented

by first writing equations that model the two con-

trol loops in Fig. 36. One loop is a fast acting

proportional feed forward control loop. The other

loop is slow acting (due to transport delay between

the column feed and overhead), but it eliminates

overhead error in the tritium concentration (Yf2)

by using proportional plus integral control action.

The second part of the simulation is a 66-node fi-

nite difference model of the distillation column.

At each node equations that describe mass and energy

balances were written. There are 330 equations de-

scribing the column.

When completed, the simulation was run first

without controls and then with controls. The re-

sults of these runs are shown in Fig. 37. Without

controls the concentration of tritium overhead (Y,?)

increased from 4.9% to 6.9% in response to a 5% in-

crease in tritium at the feed fZT.j). With the

automatic control loops, the overhead tritium shows

a slight oscillation immediately following the in-

crease in tritium at the feed but the overhead then

settles down to its original value. Since, the con-

trols are stable and prevent permanent offset of

tritium in the overhead, the simulated control

schemes were judged to be adequate. Subsequently,

construction of the controls for the actual distil-

lation columns was initiated.

b. Master Data-Acquisition and Control System

(MDAC) for TSTA. The E-5 responsibility for this

project includes the design, procurement, fabrica-

tion, installation, check-out, and operation of the

data-acquisition and control subsystems that will

interface with the computer subsystem (CSS). The

original design of the CSS was performed by R.

Stutz, ENG-8. A temporary reduction in program

funding-required redesign of the CSS. Group E-5

assisted in this redesign, which resulted in replac-

ing two minicomputers with two microcomputers and

reducing the overall scope of the CSS. The MDAC

system design description (SDD) has been revised to

incorporate these and other changes to the MDAC pre-

cipitated by this redesign. Group E-5 is also re-

sponsible for the design and implementation of a

man-machine interface subsystem, an uninterruptahle

power supply (UPS) for the MDAC, and an emergency

generator set (EGS) for the TSTA.
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Fig. 37. Response of the distillation column over-
head (Y-i?) to a 5% increase in feed qual-
ity (Z T 2).
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(1) System Functions. The primary compound

purpose of the MDAC is to accurately measure per-

formance parameters and provide control of compo-

nents, subassemblies, and the TSTA as a whole; to

assure adequate safeguarding and records accounta-

bility of the large tritium inventory; to provide

alarms for out-of-limit processes and conditions;

and to record the resulting information as a perma-

nent data base.

(2) System Description. The MDAC hardware

configuration consists of a data-acquisition sub-

system (DAS), a process control subsystem (PCS), a

man-machine interface subsystem (MMI), a CSS, and

software subsystem (SSS). A block diagram of the

hardware subsystems and the interfaces between them

is shown in Fig. 38.

(3) Data-Acquisition Subsystem. The data-

acquisition subsystem (DAS) contains a collection

jf transducers and other signal sources, intercon-

necting cabling between these sources and major DAS

equipment components, and a collection of major

equipment components used for conditioning, format-

ting, and interfacing TSTA parameters to the CSS.

Figure 39 shows a block diagram of the DAS and its

interface to the CSS subsequent to the redesign of

these two subsystems. The analog signals from the

facility will be brought into the control room and

routed to the appropriate signal conditioning-cali-

bration circuit by way of a patch board system.

This circuit will condition all signals to ±5 Vdc

full scale and filter them to a bandwidth of 1, 3,

or 10 Hz as applicable before they are patched to

I MICRO CPU'S i 2 I 2 I 2 I

t ! 1 t 1 t

IT TT ITTT

Fig. 38. TSTA MDAC subsystems interface.

Fig. 39. MDAC-DAS and PCS block diagram.

an analog multiplexer and sent to the 12-bit analog-

to-digital converter (ADC). These d̂ .ta will be

stored in the microcomputer (CPU-3) memory that con-

trols this section of the DAS. The data will then

be transferred to CPLJ-1 or -2 as applicable at a

predetermined rate.

The digital signals from the facility will be

brought into the control room and routed to optical

or relay signal isolation circuits by way of a

patch board dedicated for digital signals. The

signals will be patched into registers that will be

read by micro CPU-3 and the information passed onto

CPU-1 or -2 when a status change is recognized.

The signal conditioning and calibration units

will be printed circuit boards (PCB) placed in

drawers located in two 48.3-cm racks. The multi-

plexer, ADC, digital isolation circuits, registers,

and micro CPU will be CAMAC equipment located in

other racks in the control room. These input sig-

nals will make up branch 1 of the parallel CAMAC

system specified in IEEE Standard 596-1976.

The data-acquisition and control functions of

the ISS subsystem will be controlled by micro CPU-4

and be dedicated to branch 2 of the CAMAC system.

The analog and digital measurements will be trans-

ferred to CPU-1 or -2 at a predetermined rate.

The CAMAC branch couplers will be located in a

CAMAC master (system) crate. This master crate will

be interfaced to all four computers in the computer

subsystem. A priority arbitration circuit in the

master crate allows only one CPU at a time to have

control of a CAMAC cycle.

Figure 40 depicts the master crate redundancy

that contains the interface to the four CPUs of the
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Fig. 40. MDAC-CAMAC subsystem block diagram.

CSS and the CAMAC branches. The CAMAC branches will

be multiplexed to either of two identical master

crates. The four CPUs will be interfaced to both

master crates. This configuration permits communi-

cations with the facility should a malfunction in

either master crate occur. Redundancy is not car-

ried beyond this point in the DAS and PCS subsystems

with the exception of some duplication of trans-

ducers.

Separate power supplies for signal condition-

ing, transducers, logic circuits, calibration volt-

ages, and control voltages are part of the DAS and

PCS subsystems. With the exception of the calibra-

tion voltage power snpply, each unit will be dupli-

cated for redundant operation. The power supplies

will be operated in parallel with diode isolation

so that should one power supply fail, the back-up

unit will automatically assume the load. Connecting

the units in this manner eliminates switching trans-

ients and power interruptions. Each power supply

will be able to carry the full load indefinitely

with no degregation in performance.

The calibration of the DAS instrumentation

channels may be accomplished either under manual or

computer control. A single channel may be addressed

and calibrated separately or all channels calibrated

as required by operational circumstances. Under

normal operational conditions, periodic calibration

of all DAS instrumentation channels shall be accom-

plished under computer control.

The 2-bay and 6-bay racks have been received

and installed in the control room. The patch board

system, not wired, and the CAMAC crates have been

installed in these racks.

The DAS signal conditioning and calibration

sections are now being designed. Purchase orders

have been placed for candidate hardware to evaluate

before a final design. The instrumentation and con-

trols are being designed and purchased for the

emergency tritium cleanup, isotope separation, heat-

ing and ventilating, and facilities subsystems.

The facility J box panels were prepared for

installation of the terminal boards, and the termi-

nal boards were installed during this reporting

period. The wire list for the installation of the

analog and digital MDAC cables from these J boxes

to the control room is complete and has been ap-

proved and released. The installation of these MDAC

cables has started and is scheduled for completion

by mid-February 1979.

(4) Process Control Subsystem. The PCS and

the DAS are integrated subsystems. All process-

oriented functions of the TSTA will be computer con-

trolled. The amount or type of computer control

will vary for each application. The exact control

required for each process has not yet been estab-

lished. A block diagram of the PCS is shown in

Fig. 39.

The analog control signals will be received

from CPU-1 and -2, conditioned by digital-to-analog

converters (DAC) before they are patched to an ana-

log control signal patch board then sent to a con-

troller located on a facility subsystem. The DAC

will be packaged in CAMAC configuration.

The digital control signals will be received

from the CPUs, sent to optical or relay isolation

circuits, and then through drivers to the controller

display alarm located in the facility. These digi-

tal control signals will be routed through a patch-

board dedicated for digital control functions.

Again, CAMAC equipment will be used to identify,

isolate, and condition the control signals sent by

the CPUs.

Micro CPU-4 will be dedicated for the data-

acquisition and control functions of the ISS. To

include the ISS in the closed-loop control of the

entire TSTA process loop, CPU-1 or -2 v.; .end the

necessary closed-loop control instructions to the

ISS micro CPU.
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Branches 3 and 4 of the CAMAC system are dedi-

cated to facility control (other than ISS control)

These branches will contain the OACs, registers,

digital isolation circuits, and drivers required for

facility control.

(5) Man-Machine Interface Subsystem. The

MHI serves as an interface between system operators

and the MDAC. Two CRT monitors, are provided for

viewing TSTA operation and performance displays.

Two keyboards permit operators to input data, super-

visory control commands, and requests for displays

to the computer. The logging printer provides for

sequential logs of alarms, supervisory control ac-

tions, and TSTA system performance.

A display generator serves as the interface

device between the computer and the keyboard CRT

monitor. This display generator has dual ports,

which allows the connection of both CPU-1 and -2 to

the unit for redundant operation. The detailed de-

sign and subsequent purchase of this subsystem is

scheduled for FY-79.

(6) Computer Subsystem. The TSTA CSS is a

modular redundant system wherein computer and disk

facility control and data-handling functions can be

shared in case any one or more units malfunctions.

The TSTA system can therefore continue safe opera-

tion. This redundant network of CPUs and disks is

required for a highly reliable and fault tolerant

system.

The major components of the TSTA computer sub-

system, along with the logic data paths, are shown

in Fig. 41. The function of each component during

normal operation is:

• CPU-1 is the main control computer that over-

sees the complete operation of the TSTA and computer

subsystem.

• CPU-2 is intended to serve for system studies

(simulation), data reduction, software development,

and back-up to the other CPUs.

• Micro CPU-1 is a back-up for CPU-1 and -2,

in that it will automatically shut down the facility

in a safe and order1 manner should both CPU-1 and

-2 fail.

• Micro CPU-2 is used in conjunction with CPU-2

to perform system studies, data reduction, software

development, and back-up functions for micro CPU-1.

• Disk 1 will be used to store the software for

CPU-1, data for the control software, and collected

TO CAMAC
A ) = MASTER CRATES

I a 20

Fig. 41. Basic data flow paths for CSS.

data from the controlled- and monitored functions.

These data will be transferred to disk 2 for dsta

reduction.

• Disk 2 is used to store software for CPU-?,

data for reduction and display, and software for

systems simulation.

• Floppy disk 1 is used for short-term storage

of selected data from monitored functions and

facility shutdown software for micro CPU-1.

• Floppy disk 2 is used for storage of software

for micro CPU-2 and will be used in conjunction with

CPU-2 for TSTA simulation and software development.

This disk, along with micro CPU-1, also provides a

back-up for floppy disk 1.

• A magnetic tape unit will be used to record

data, back-up copies of all disk files, software

programs, and TSTA operational documentation.

• A high-speed printer will output operating

reports, results of data-reduction programs, copies

of software documentation, listing of control pro-

grams, wire lists, catalogs of disk files, and

other reports related to the TSTA.
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• The I/O bus switch will be used to link the

printer and magnetic tape units to either CPU-1 or

-2, thus removing the present need for two magnetic

tape units.

As a result of the reduction in scope of the

CSS, the various optional modes are:

• With the loss of CPU-1, CPU-2 functions as

the main control unit of the TSTA; however, the sys-

tem operates without the off-line data reduction

capability.

• With CPU-1 operating, loss of CPU-2 is iden-

tical to the operation described above.

Only in the event of the loss of both large

CPUs (CPU-1 and -2) does the system have to be shut

down using micro CPU-1 or -2. With loss of CPU-1

and -2, the majority of all data-recording capabil-

ities are lost.

• Loss of either of the micro CPUs (micro CPU-1

or -2) results in the remaining micro CPU being used

for controlled shutdown of TSTA.

• Loss of both micro CPUs or a combined loss

of a micro CPU and large CPU will still result in

full control function capabilities and data-acquisi-

tion functions; however, no off-line data reduction

or system studies can be performed. The TSTA can

operate normally in this mode.

• With the loss of any three CPUs the system

must be shut down under controlled procedures.

• With the loss of all four CPUs the TSTA fa-

cility would require manual shutdown.

The CSS was received from Data General Corpor-

ation during the last reporting period. The six

computer racks, a'\onc with all peripherals, have

been moved into the control room and secured to the

floor as required. Data General personnel have com-

pleted the acceptance tests on this subsystem as

required by the purchase specification. Interfacing

of the CSS to the CAMAC equipment in the DAS has

been initiated.

(7) Uninterruptible Power Supply. A UPS

will be provided that will supply the total power

requirements of the MDAC at the specified frequency,

voltage, and phase. A specification for this equip-

ment has been drafted; however, procurement has been

delayed until FY-79. The SDD for this subsystem was

revised during this reporting period.

(a) Emergency Generator Set. An EGS to

supply power to the TSTA in the event of a power

line failure will be provided. Purchase of this

item is scheduled for FY-80; therefore, design ef-

fort will be scheduled in FY-79.

(b) Software Subsystem. The software for

the TSTA computer subsystem consists of the computer

operating system, TSTA control-data collection, data

reduction, simulation, and the software controller.

The software task is being outlined and the speci-

fication controlling its structure is being pre-

pared.

5. G-Division Support.

Seismic Monitoring System (G-2) [Jennings,

Seamons, E-5]. A prototype microprocessor adaptive

data acquisition system (MADAS) seismic monitoring

system was completed for group G-2 during this per-

iod. Group G-2 installs and operates sensing in-

strumentation for a network of seismic stations in

New Mexico and at NTS for seismic measurements as-

sociated with tests. The seismic stations telemeter

raw data to a central reading station at LASL. The

number of stations involved, and sampling frequen-

cies required, generates vast quantities of field

data to be stored and subsequently analyzed. Group

G-2 is automating the collection and analyses of the

data at the central location. The group is investi-

gating various approaches in the use of intelligent

data collection at remote sensing locations to im-

prove the quality of data collected, drastically

reduce the volume of data transmitted to the central

station, and reduce the elapsed time for entry of

significant data into the seismic data base. One

approach to the intelligent remote station uses the

MADAS developed by Group E-5. Two MADAS units, con-

figured to G-2 hardware and software applications,

have been fabricated and programmed. Group G-2 is

setting up a facility to evaluate the units before

they are installated in the field. A block diagram

of the G-2 MADAS system is shown in Fig. 42. Stan-

dard MADAS peripherals are used to interface to G-2

equipment. The G-2 input to the system consists of

one seismometer channel operating into an 8-bit ADC

unit with 125 ys conversion time and a time-sync

pulse, implemented as an interrupt to the MADAS

1802-CPU, used for synchronizing the MADAS clock to

an external time base.

The MADAS outputs are candidate seismic events
recorded on the cassette logging unit and universal
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Fig. 42. MADAS block diagram.

asynchronous receive and transmitter (UART) output
to formatted graphic output for display of candidate
events in plot form on a 4010. This output is tem-
porary and is intended only to facilitate laboratory
evaluation of the system.

Another output is UART to modem for transmis-
sion of data to seismic station network. The modem
is not yet installed on the G-2 units, but an equiv-
alent modem has been used on another MADAS applica-
tion.

The system objective is to continuously sample
a seismometer analog input channel, sense and report
out, or record, only valid seismic events. The re-
ported events must be tagged with precision time to
enable subsequent time correlation of events from a
network of monitoring stations. Signal frequencies
of interest range from 5 to 50 Hz.

The event-sensing algorithm implemented for the
current system consists of data acquisition at a
100-Hz rate with a continuous recalculation of a
short-term ratio to long-term average. A candidate
event is declared when this ratio exceeds a desig-
nated (variable) threshold. The candidate event is

time tagged to the nearest hundredth of a second and
logged as a 256-sample s-'-jment of raw data that pre-
ceded event declaration. The system monitors the
maximum ratio attained and the duration of the
event; these attributes are logged out with the as-
sociated event.

This method of exception logging will provide
a significant reduction in the amount of data re-
corded at the remote stations. The data segments
logged are to be further analyzed by G-2 to deter-
mine more detailed event specifics such as precise
time onset and frequency characteristics of the
event. An end objective is to develop one or more
adaptive event pick algorithms to be implemented at
the remote station, which would further reduce sta-
tion event reporting to onset time, duration, and
magnitude.

The initial software written for the system is
based on the use of a general syste1" -software pack-
age developed for MADAS systems in support of the
AQES/SANDIA project. Under this system, most pro-
grams are applications-specific and are written in
the form of tasks, which are called and executed
from a generalized system EXEC program. The G-2
MADAS system is organized into four tasks. Minor
modifications to the general system interrupt han-
dler were required to accommodate the specific G-2
input configuration. The main applications task,
EPIC, which does the candidate event sensing, is
structured so that add-on of more sophisticated
event pick algorithms will require a minimum of
change to other components of the software system.

6. H-Division Support.

a. Group H-l [Backsen, Seamons, E-5; Carrier,
Lucero, E-2].

(1) WADI. Design and development of the
Wahl display interface (WADI) was completed, and
four of these interfaces were packaged in a single
chassis and installed at NTS during this reporting
period. An instruction manual is being prepared.
The WADI, shown in the block diagram of Fig. 43,
uses an Intel 8748 microprocessor to interface the
NTS telemetry and release analysis system (TARAS)
PDP-ll/20 to a digital display system, built by Wahl
Electronics, Albuquerque, New Mexico. The digital
display system consists of 24 separately addressable
display modules and associated electronics. The
display modules are used to indicate dose-rate
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radiation reading from remote detectors over a range
for 0.01 mR/h to 9.9 kR/h. The primary function of
the WADI is to translate the data encoded in the 16-
bit parallel word from the PDP-11 DR11-C to a 19-bit
format compatible with the Wahl display as shown in
Table VI. These data are then transmitted in a se-
rial-synchronous mode to the Wahl display. The dis-
play modules are identical, are updated on an indi-
vidual basis (one 16-bit DR11-C word updates one
module), and have a display format as shown.

.X .Y
K

where normally,

X = 0 - 9, MSD BCD encoded data,

Y = 0 - 9, LSD BCD encoded data,

M when lit indicates mR/h,

K when lit indicates kR/h,

Decimal points are lit for the desi>?d valve,

and R is always lit.

The address bits, X-BCD bits and Y-BCD bits map di-

rectly as shown in Table VI. The 3-bit exponent

(DR11 bits, 8 through 10) determines which, if any,

of the 2 decimal points are to be lit and whether

or not the M or K will be lit. These data are

translated as shown in Note 2 of Table VI and en-

coded as shown in the Wahl serial-bit description.

The Wahl display system is capable of address-

ing 64-display modules; the WADI is capable of ad-

dressing 32 modules, and in actual practice only 24

modules are attached to 1 display system. For this

reason, bit 2 of the Wahl serial data code is always

0. The start bit is always 1.

There are some exceptions to the normal data

translation, as shown in Note 3 of Table VI. The

WADI now recognizes the request for three special

display formats. The DR11 Y character is used to

obtain these special display formats as follows.

DR11
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• If Y = 1111, the display module will be

blanked.

•If Y = 1110, both decimal points will be lit.

•If Y = 1101, brackets will be lit.

The WADI recognizes these special Y characters

and sets up the Wahl code format appropriately.

When a special Y character is detected, all other

data in the DR11 word, other than the display module

address, are ignored.

The circuitry for one system is mounted on a

single Wyle-size pc card and consists of an Intel

8748 microcomputer chip and associated circuitry,

as shown in Fig. 43. Ports 1 and 2 of the 8748 are

used to read the 16-bit parallel data word from the

DRI1-C. The data are translated and output in a

serial-synchronous mode to the Wahl display. The

control circuitry consists of a REQ and RDY (Tl)

flip-flop used to handshake with the DR11-C. A 3-JJS

machine cycle time is derived from the 5-MHz crys-

tal. Each interface card has a separate 5-V power

supply.

The timing is a function of the firmware (soft-

ware in PROM). A normal timing sequence is:

•The 8748 generates a request pulse (REQ).

•A request for new data is issued to the

DRil-C (REQ A flip-flop).

• The DR11-C acknowledges the request and out-

puts a new 16-bit data word to the WADI (NEW DATA

RDY).

• The 11 flag indicates to the 8748 that new

data are available.

•The 8748 acknowledges the 11 flag (ACK pulse)

and reads the data.

•The 8748 translates and outputs the data in

a serial-synchronous mode, at a 5-kHz rate, to the

Wahl display.

•The 8748 delays for 10 ms, allowing the Wahl

display system to reset, then repeats the above cy-

cle.

There are two exceptions to the above timing

sequence.

• On reset (power-on or front panel), the 8748

goes through an initialization process, including

generation of an ACK pulse, preceding the normal

timing sequence.

• If a request for new data (REQ A) is not

serviced by the PDP-11 (NEW DATA RDY) within 20 ms,

a time out results and the timing sequence is re-

started (new REQ pulse generated). This prevents

the possibility of a system hang-up, where the REQ

A flip-flop is reset prematurely due to noise,

before the PDP-11 has a chance to acknowledge it.

The firmware, software in PROM, is used to

generate the timing and translate the data. The

software was developed on an Intel Intellec ISIS II

software development system. An Intel Prompt 48 was

used for the firmware development.

The software is written in modular form and

contains a main program and four major subroutines.

The main program controls the timing associated with

the DR11 and issues calls to the subroutines. On

reset, the program initializes the system by clear-

ing the bus port and generating an ACK pulse to

clear the external circuitry. The normal timing

loop is then entered and proceeds as follows.

• A REQ pulse is generated, resulting in a re-

quest for new data from the PDP-11 (DR11-C).

•The interval timer is loaded to a 20-ms time

out and the time out starts.

• The program then enters a loop that contin-

ually examines the 11 flag and the time-out flag.

If an 11 flag is detected, indicating a new data

word is available from the DR11, the program exits

the loop and continues. If new data from the DR11

(11 flag) are not available within 20 ms after a re-

quest has been issued, a time out occurs. This is

an indication that the system might be hung op (REQ

flip-flop reset prematurely by noise) and a new re-

quest pulse is generated.

• On detection of an 11 flag, new data ready,

an ACK pulse is generated, resetting the 11 flip-

flop.

•The new data word is read (ports 1 and 2).

•The special character subroutine is called,

which tests to see if the new data contain a spe-

cial Y character.

•If a special character is detected, the out-

put subroutine is called and the appropriate data

are output to the display system.

• If a special Y character is not detected, the

exponential subroutine is called, which translates

the E character bits according to Table VI and loads

the appropriate bits in the output word.

•The data subroutine is called, which maps the

address bits and X- and Y-character bits appropri-

ately in the output word.
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•The output subroutine is called, which seri-

ally outputs the data, along with a 5-kHz clock, to

the display system, thus updating the appropriate

display module.

• The WADI at this point delays for 10 ms, al-

lowing the display system to reinitialize, before

issuing another request for new data and repeating

the cycle.

(2) TARAS. All software modules associated

with real-time display of radiction levels on the

Wahl LED display were replaced. The former Wahl

device driver operated in time mode slaved to the

computer system clock. The revised Wahl system,

using the WADI interface described above, uses the

output ports of the three DRll-Cs available in the

system, so that display outputs are now handled on

an interrupt basis with less system overhead. The

TARAS dead-start procedures were modified to assign

system clock functions to a KW11-L clock in the ab-

sence of the programmable KW11-P clock. This change

was made to facilitate check-out of revised TARAS

software on the PDP-11/34 before NTS verification.

The TARAS operation has been expanded to monitor

status from a set of permanent station probes at

NTS. At the request of H-l, the arithmetic sections

of the software were modified to extrapolate and

convert raw data from these probes in the range 0.01

to 0.99 mR/h. The arithmetic change also enables

definition of two additional log decades of dose

rate. These changes required rework of output-for-

matting subroutines associated with dose-rate dis-

play, print, and plot. Several changes were made

in the operator input command logic verification to

improve operability of the system. At the request

of H-l, NTS test operations were observed to assess

the state of repair of the 11/20 TARAS compute sub-

system. Group E-5 recommended to Reynolds Electri-

cal & Engineering Company, Inc., and H-l that the

11/20 be ECO upgraded and placed on a regular DEC

maintenance schedule.

b_. H-7 Radioactive Liquid Waste Management

[Reitzel, Wilkins, E-5]. Group H-7 is engaged in a

construction program to modernize existing radioac-

tive liquid waste handling equipment. Group E-5 is

providing an automated data-acquisition and control

system that will allow H-7 to monitor and control

liquid waste handling from TA-50.

System requirements have been defined and

specifications written with the intent of buying a

commercially available turnkey system. The RFQs

have been sent to prospective bidders and the bid

due date has been set for mid-March 1979. Contract

award is expected by mid-1979.

c. Instrumentation for Automated Cancer-Cell

Sorting and Analysis (H-10) [Hiebert, Greenwood,

E-5; Van Lyssel, Rose, E-2]. Cell biology research

support for the National Cancer Institute (NCI)

though Group H-10 continues. Primary emphasis is

on special instruments for high-speed measurement

and control of individual biological cells in flow

systems. Physical and optical properties of cells

are measured at high rates, the data are processed

through computer control, and cell-sorting decisions

are made. The technique of rapidly identifying and

isolating closely related types of cells can be a

powerful tool for cell biologists. Significant

progress has been made on a new general-purpose

data-acquisition system, on several new light-scat-

ter systems, and on several special-purpose instru-

ments.

The prototype LACEL data system has been com-

pleted and delivered for implementation with the

detectors and computer. As many as eight input pa-

rameters can be processed. Input timing decisions

are made with 8-fold logic, and two sorting direc-

tions are established on the basis of time and am-

plitude decisions made on four parameters for each

direction. The system is arranged to allow simul-

taneous experiments to be operated through the in-

terface to a single computer. The system is modu-

lar, i;nd the final element to be completed is the

sort module. Earlier modules in the system devel-

opment were the dual-analog data-in module that re-

ceives two parameters and digitizing their values

for transmission to the computer, and the data co-

incidence module that makes input timing decisions

under computer control.

Light-scatter instruments are evolving to high-

er levels of sophistication and usefulness. The

amplifier sections of the Model 74 scattered-light

processing system have been modified to cope with

signals from either the wedges or the rings of the

recognition systems photosensor array, or the custom

Model 1527 photodiode arrays we have designed.

Three of these unique arrays with amplifiers have
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been fabricated in our hybrid facility. Preliminary

tests indicate excellent array performance with ac-

tual cell scatter signals. The new electronics for

the Model 8174 scattered-light processing system to

be used with the arrays has been designed, and fab-

rication is nearly complete. The system will as-

similate data from as many as 32 photodetector chan-

nels carrying the individual cell scatter pattern

signature in less than 200 ys.

In order to enhance the precision with which

decisions on measured cell characteristics can be

made for sorting, new data analysis techniques are

being developed. An early design for an analog

discriminant function processor has been completed.

This processor will allow optimum discrimination

against redundant information in multiparameter data

and yield higher quality cell sorter performance.

Measurements of short fluorescent decay times

of stained cells excited by a pulsed nitrogen laser

have been improved with a special photomultiplier

base designed for truncated operation of a Hamamatsu

R928 tube. Knowledge gained from this detector has

led us to a design to be used with 1P28 tubes,

yielding higher gain and greater linear output cur-

rents, while preserving 1-ns fall time.

Several special-purpose instruments have been

developed or completed. A Model 74 piezoceramic LED

drive and metering module has been built for use at

NCI. This module furnishes power to the- piezoelec-

tric transducer used to mechanically vibrate tiie

droplet-formation assembly of a flow system. It

also provides pulses to the light flashers mounted

to illuminate the flow stream for microscope viewing

at the point of droplet formation. The Model 1108

high-current puiser is being built to provide exci-

tation to a copper-ion uv laser. The instrument is

designed to provide current pulses of 50-A typical

amplitude from a 300-V voltage source.

7. L-Division Support.

a. Laser Fusion Support (L-l) [Sutton, Hanna,

Sanders, Wells, E-5; Remington, Tucker, E-4; Karpin,

Silva, Spencer, E-2]. E Division has supported

several areas of the Helios laser system being con-

structed by L-l for the past few years. These areas

include control system design, fabrication and in-

stallation, computer control programming, optical

alignment support (electrical and mechanical), tar-

get insertion and alignment, mechanical design and

fabrication, and technical support for electrical

and mechanica1 assembly of the eight-beam laser.

The Helios laser is now well into its experimental

schedule and the E-Division team is contributing

substantially to this effort. A summary of specific

activities and their present status follows.

(1) Control Programming. The control pro-

gram (called Helios) for the eight-beam laser has

been evolving for the past 3 yr. Several versions

of the program have been written to develop one that

will support the target experiments. The Helios

program has two basic parts: machine controls and

data acquisition. Machine controls include opera-

tion of the E-beam Marx generators, pulse-forming

network (PFN) pulsers, supporting spark-gap gas sys-

tems, E-beam chamber vacuum system, laser gas con-

trol system, and other mino*- supporting subsystems.

Data acquisition includes testing and reading the

high-speed digitizers, displaying acquired data,

storing digitized data and other shot parameters on

disk and magnetic tape, retrieving lost data from

magnetic tape, updating parameters, and logging op-

erations.

The Helios control program has evolved into a

three-task multiple overlay (three overlay areas)

using almost 28 k of core storage un the Data Gen-

eral Eclipse S/200 control computer. Recent addi-

tions and changes to the control program have been

absorber gas pressure change routines and replace-

ment of the monitor task with a more core-efficient

version. The absorber gas pressure change uses the

major portion of the stand-alone absorber gas pro-

gram as another overlay. This routine controls the

gas pressure in the saturable absorber cell, which

is used to stabilize the power amplifiers. In con-

junction with the control routine there is a color

display task to show the operator the absorber sys-

tem status. To reduce the overall size of the He-

lios operating program, the color display monitor

task was divided into smaller overlays. Due to many

small additions to the program, it required about

31 k of core memory. After the change, Helios again

runs in 28 k.

In addition to the main operating program,

other supporting stand-alone programs have been

written or modified. Continuing effort has gone

into studying the new asynchronous line multiplexer

(ALM) and its interface with a remote microprocessor



to be used for the beam diagnostics. Some subrou-

tines to support the ALM have been written and

tested. The front-end checking program was modified

to accommodate changes in the front-end hardware.

Two other support programs for EBS are being up-

dated. These are called CRASHSV and TAPESV. The

CRASHSV program was written to allow data to be re-

trieved from the digitizers in the event of a system

crash at shot time. The TAPESV program allows data

to be retrieved from the on-line tape in case they

are lost from the disk. TAPESV and CRASHSV will

also update the operations log file.

(2) Computer System. A second Data General

Eclipse computer was added to the Helios laser con-

trol system. This will enable L-l to do several

things. The second computer will act as a back-up

in case the first computer was down and it will

allow further program development while laser oper-

ations continued on the first machine. It will al-

low use of the computers to run diagnostics codes

within the facility with access to the laser data.

An Eclipse S/230 was ordered and delivered. Much

effort has been required to prepare for the second

computer, such as purchase and modification of ad-

ditional terminals, additional cabling for the new

machine, and installation of ac power for the new

equipment. A quad hard-copy interface for the Tek-

tronix terminals was purchased and installed. The

S/230 is now being installed and necessary hardware

modifications have been made.

(3) Delta Mirror Mount Controllers. Con-

tained within the Helios target chamber are 16 mir-

ror mounts, 8 flat turning mirrors, and 8 parabolic

focusing-mirrors. These mirrors are positioned to

direct and focus the eight laser beams onto the tar-

get. Each mirror mount contains a three-point drive

mechanism having three stepping motors located at

the corners of an equilateral triangle. To provide

manual positioning of these motors in an ordered

fashion, a delta mirror mount controller has been

designed.

(a) Mirror-Position Display System. During

the reporting period the hardware design has been

completed, the control room chassis and the target

chamber circuits have been wired and checked out,

and the majority of the software development has

been completed. The equipment is now installed in

building TSL-85 where it is being tested with a

38-cm mirror mount.

While the mirror-position display chassis is

performing satisfactorily, the counting algorithm

needs additional testing and debugging before the

system will operate properly. The major problem is

a mechanical transient generated by the mirror mount

each time a motor is stepped. This causes genera-

tion of multiple outputs by the incremental optical

encoders for each step. A counting algorithm has

been developed that generally produces only one

count per step. However, during long stepping se-

quences, a few counts may be gained or lost. Be-

cause of this problem, additional time will be re-

quired to debug the algorithm to obtain the desired

accuracy. It is anticipated that equipment instal-

lation will occur during the winter quarter of 1979.

(b) Mirror Position Display Software. All

programs for the delta mirror mount position display

have been written in Intel 8085 assembly language.

Programming for a system of two 8085 microprocessors

has been done. One microprocessor in the vicinity

of the target chamber counts motor steps and relays

this information across a fiber optic link to a mir-

ror position display {MPD) microprocessor in the

control room that arithmetically massages -rd dis-

plays motor step information (three modes of display

are possible) on the front panel of the MPD micro-

processor chassis. Large programs (500 instructions

at the target chamber; 2000 instructions at the MPD

chassis) have been written and burned in PROMS that

are part of the main memories of the two system

microprocessors. A system of code wo<"ds for ad-

dresses, motor-step data, and errors has been devel-

oped that allows us to retransmit words for which

transmission errors have occurred. Both micro-

processors are interrupt driven so in addition to

all of the monitoring functions, all interrupt rou-

tines were also developed and written. All neces-

sary arithmetic routines had been previously devel-

oped.

The counting program operates well for a

smoothly totating motor shaft; however, when stepper

motors are installed on the shaft, the counting pro-

gram fails to count correctly. Both software and

hardware modifications are being made to overcome

this problem; several test programs have been writ-

ten in order to help disguise counting problems.

Progress has been made, but occasionally some

counts get lost, so final modifications need to be

made.
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In order to carry out the programming, the

capability to assemble programs and burn PROMS auto-

matically has been developed. A cross assembler

that allows us to assemble Intel 8085 assembly lan-

guage programs, was obtained from Boston Systems,

Inc., and installed on the Zebra d'Sk system of the

Eclipse S/200. A program to burn PKOMS automatic-

ally from the cross assembler output has been devel-

oped. Object files from the Zebra disk are sent

across the asynchronous line multiplexer (ALM) to a

portable PROM programmer. Another PROM programmer

is beinn ordered for exclusive use for Helios.

(4) E-Beam Vacuum Control System. Early in

July the roughing line interlock controls for the

four E-beam modules were rewired to eliminate a po-

tential problem. The interlock now prevents opening

any E-beam roughing line valve if any power ampli-

fier roughing line valve is open. This will reduce

the risk of a pressure surge from any power ampli-

fier reaching at) E-beam chamber through the roughing

line.

(5) Target Chamber Controls. The system for

controlling the Helios target chamber vacuum system

has baen completed. This system is now in opera-

tion. A first-version computer program for auto-

matic operation of the target chamber vacuum system

has been written and will be improved during the

coming year.

(6) Three-Axis Manipulator and Burn-Paper

Controls. The 3-axis manipulator and burn-paper

controls prototype was tested and the final version

of the system was fabricated and installed. This

system is now in use.

(7) Building Safety and Warning Light Sys-

tem. The automatic safety and warning light system

is now fully operational. Hazardous conditions

throughout the building are monitored and displayed

at the doorways of all rooms. An additional circuit

has been designed and installed to advise people

entering hazardous rooms of the type of protective

eyewear to use.

(8) CO,, Alignment Laser Remote Control. To

facilitate automatic alignment, a remote computer

controller for the C0 2 alignment laser was de-

signed and is now in operation. This allows both

manual arid computer selection of pulse width and

repetition rates from the control room.
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(9) Optical Isolation for Shielded Rooms.

To eliminate ground loops between the control and

computer rooms, the CAMAC parallel branch highway,

along with several other signals, will be optically

coupled between the two rooms. Circuit boards have

been designed and tested, and fabrication and pack-

aging is under way.

(10) Saturable Absorber Gas Control System.

Due to instability problems in the laser power am-

plifiers, a saturable absorber was designed for the

Helios laser. This system was designed and built

in the first half of 1978. It consists of a mixing

station, four cell-control chassis and a control

room chassis with the mixing station where desired

amounts of various gases can be mixed in a large

tank. The pressure in the gas manifold, or mixing

tank, is monitored on digital panel meters (100 and

1000-Torr). The mix tank, or manifold, may also be

evacuated by a vacuum pump. The cell-control chas-

sis monitors the absorber cell pressure and controls

two valves to allow the cell to be evacuated or

filled with absorber gas from the mix tank or with

buffer gas. The four cell-control chassis may be

operated from the floor or from the control room

chassis when placed in the remote mode. The control

room chassis operates in manual or computer mode

through CAMAC. This system has been modified in

the last half of this year to meet changing needs.

Computer programs have been written to control this

system and are now incorporated in the main operat-

ing program.

(11) TPA Spatial Filter Pressure Control

System. The triple-pass amplifier (TPA) contains a

spatial filter housed in a chamber that is kept at

a pressure of a few Torr. The control system con-

sists of five control chassis, four of them are lo-

cated in room 100. They are used to control valves

to vent the TPA tanks and allow a pump to evacuate

the tanks to desired pressure levels. The control-

ler holds the pressure between two set points by

sensing the pressure and opening or closing a valve

on the vacuum side to maintain pressure in the se-

lected range. These four chassis have been de-

signed, fabricated, and installed. The fifth chas-

sis, for the control room, allows for manual control

from the control room and computer control by CAMAC.

This chassis has been designed, fabricated, and is

now ready to be checked out. Installation and final

system check-out will be completed in early January.



b. Antares Project Support (L-10) [Gutscher,

Kozubal, Longmire, Seifert, Wbitfill, E-5]. The

controls support effort for the Antares project has

expanded in the past 6 months. Group E-5 is provid-

ing software development, front-end control subsys-

tem management, and specification and development

of fiber optic interfaces required in the Antares

high-fields environment.

The project software development efforts en-

compass many areas. Some of these are:

• Training controls personnel in the RSX oper-

ating system.

• Development of software aids for hardware

check-out.

• Network software specifications.

• Procurement of the Antares computer network

(ACN).

•Superset software specification for all ACN

processors.

Other scheduled training activities include

classes for the RT-11 operating system, the PASCAL

programming language, and LSI-11 hardware. Instruc-

tors from outside LASL will be employed where in-

house expertise is not available. Hardware check-

out functions and machine-dependent control algor-

ithm development will be done on PDP-11V03S running

the RT-11 operating system and an RT-11 compatible

version of PASCAL. A variety of test routines h. 3

been written for the system and are being used for

testing and evaluating CAMAC modules. Close inter-

action with the Antares system managers by the con-

trol section continues to be a high priority. Con-

trol specification documents have been developed and

are constantly being updated. The design of the

control system hardware and software will be frozen

on December 22. Software design documents will then

be produced, based on requirements known at that

ti.ne. Top-down specification and design of all An-

tares controls software is an absolute requirement.

The decision to employ a top-down design ap-

proach was based on a detailed PERT network chart

analysis of two likely methods of implementing the

control software: by major subsystem w'th overall

integration done late in the project stages and

strictly by top-down methods with overall integra-

tion being accomplished from the first day that

software is designed. The first approach resulted

in every major deadline being missed by many weeks.

The second approach, employing a superset software

scheme and estimates made by the same personnel as

the first approach, resulted in some deadlines being

missed by only a few weeks, while 12-beam operations

for the first power amplifier showed up 11 wk early

on the PERT network estimate. The notion of super-

set software designed to run on all processors in

the ACN came about when some estimates were made

concerning the time required to desiqn, implement,

and maintain the control software for a computer

network now estimated to incorporate approximately

100 processors, including LSI-lls. In this manner,

specific application dependencies are implemented

as very low-level modules in the control hierarchy

of the software design.

The subsystem manager for front-end controls

has been acting as liaison between the front-end

system manager and the controls section. A thorough

review of the frcnt-end control requirements has

been completed and a specification document pro-

duced. A detailed function list is being produced

to define locations and functions associated with

all machine interface processors, including channel

identification for all I/O (binary, analog, v/f, and

f/v) and data specifications (magnitudes, ranges,

and resolutions). A specification of a color graph-

ics CRT terminal has been generated and procurement

is in progress.

Fiber optic communications link development

continues with increased emphasis on evaluation of

commercially-available fibers and transmitter-

receiver modules. The evaluation is required to in-

sure that all such interfaces will survive within

the Antares EMI environment. Life testing, error

rates, and transmissivity tests are among those in

progress. A specification document for all fiber

optic requirements has been generated and discus-

sions with vendors in relation to those reauirements

are being held.

The controls section of the Antares project is

awaiting vendor responses to the specification docu-

ment for the ACN. An absolute requirement of that

specification is network support of the LSI-11,

which was adopted as the standard Antares micro-

processor. A purchase order for the computers re-

quired for operation of the first power amplifier

is likely to be placed by January 15, 1979.
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8. M-Division Support.

a. Detonation and Shock Wave Physics Support

(M-3, M-6, H-DO) [Lundy, Conley, Love, Parker, E-5;

Martin, Staley, E-2 1 The M-Division support in-

volves three areas, firing-site control updating,

microchannel plate-image intensifier-tube electron-

ics, and MX missile hazard test support for the US

Air Force.

(1) Firing-Site Controls. Two years ago up-

dating of thp site-control systems at M-3 (Kappa

Site) and M-6 (Ancho Canyon) was begun. The new

systems provide more comprehensive personnel safety

interlocks, equipment-ready interlocks and automatic

preshot triggering of equipment, provision for syn-

chronizing multiple rotating-mirror cameras on a

single shot, and provision for easy addition of an

automatic data logging system. The first version

of the new system was tested at Ancho Canyon in July

and found to have severe crosstalk problems on the

device interface bus. In correcting this problem,

the circuit was completely redesigned, and much of

the circuitry was changed to CMOS logic. The main

fire control chassis is still built around a PRO-LOG

8080 microprocessor, and each device interface mod-

ule (DIM) is still built around an Intel 8035 one-

chip microprocessor. The revised hardware will be

instated at Ancho Canyon during the first part of

January. The initial system includes only the main

fira control chassis and a rotating mirror camera

DIM. This DIM is highly complex as it provides fast

camera-speed synchronization. The other DIMs will

be essentially a subset of the rotating mirror cam-

era DIM design. It is expected that a system will

be installed at M-3 (Kappa Site) within 4 months.

(2) Image-Intensifier Camera Electronics.

A number of microchannel plate image-intensifier

cameras with luminous gains up to 15 000 and effec-

tive shutter speeds as short as 10 ns have been as-

sembled for M-3 over the last 14 months. These

units have all utilized ITT 40-mm tubes, which have

- 15 line pair/mm resolution in pulsed mode, thus

givinq excellent quality pictures. These tubes do,

however, have high gating capacitance and require

care in the pulser circuitry to allow fast gating.

During this period we have tested several new

tubes with the test system built last spring and

built pulsers for several other organizations in-

cluding Lawrence Livermore Laboratory (LLL), PANTEX,
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and Group M-4. We will build systems for group J-14

and Mound Laboratory during the next 6 month period.

A new pulser based on Unitrode GA-301 ultrafast

SCRs was designed and built for longer duration

pulsing of image-intensifier tubes. It provides

pulses with durations 50 to 400 ns.

In testing new tubes it was discovered that the

conductance of many microchannel plates is not ohmic

as described by the manufacturer, but varies as a

function of applied voltage. Because of this, we

are now plotting the voltage-current characteristics

of all tubes we receive to allow accurate preset

gair calibration when the tubes are used with re-

sistive divider high-voltage networks.

(3) MX Missile Hazard Test Support. We have

contracted with the US Air Force Rocket Propulsion

Laboratory to provide instrumentation support on a

hazards evaluation of an MX missile stage. This

will be an intentional detonation of the solid pro-

pel lant in an MX stage engine to determine the ex-

plosive yield and resulting air-blast pressures. A

20-channel digital time-interval meter based on CMOS

logic was assembled. This will be used with pin

switches to determine detonation wave arrival times

and thus confirm that complete detonation occurred.

The time resolution of the instrument is 0.1 MS,

and the time range is 1000 s. The instrument is

equipped with battery back-up power so data will not

be lost in the event of ac power line failure.

The fast solid-state camera (FSSC) discussed

in the last report was completed and will also be

used on this test. A hard-copy output device and a

telescope are being added to the FSSC system. The

FSSC will continuously record low-resoli:tion pic-

tures (100 pixels each) with 9 shades of gray over

a 2000:1 range of light intensity. It records up

to 100 000 frame/s with all pixels being recorded

simultaneously so there are no scan artifacts. The

last 256 frames are always held in solid-state mem-

ory so that a stop trigger signal will always allow

analysis of the 256 frames just before the stop sig-

naling event.

9. NM-Department Support.

LASS System (NM-DO) [Wooten, Dorin, E-5;

Cordova, Holleman, AADP-2]. The Los Alamos safe-

guard system (LASS) is being developed for the LASL

Nuclear Material Department (NM-DO), which has over-

all responsibility for LASL nuclear materials ac-

countability at LASL. The official inventory of



SNM, approximately 16 000 items, is in a constant

state of flux as nuclear material items enter and

leave LASL and are moved between sites.

The accounting system, which NM-DO uses to keep

track of the nuclear material inventory, has evolved

over the years to the present CCF-based manual en-

try system. The present system is adequate for

periodic inventory reporting, but cannot handle the

increasing demands for timely accountability infor-

mation. The DOE Division of Safeguards and Security

has instructed NM-DO to upgrade their inventory ac-

countability system to provide real-time accounta-

bility.

A dedicated minicomputer system is being devel-

oped for LASS. This provides a "live" inventory

data base that is continuously updated as nuclear

material movements and processing are performed.

The software will be developed jointly by AADP and

E-5 personnel. The major application language will

be COBOL with FORTRAN V as needed. The data base

will be developed with INFOS file management soft-

ware. The LASS software will be phase developed.

Phase 1, which will require about 1 yr, will cul-

minate in a stand-alone system that will replace use

of the CCF. Phase 2 will bring the system up to

full performance, and phase 3 will involve future

enhancements.

The minicomputer, a Data General Eclipse M600,

was purchased on a sole-source basis on the strength

of hardware-software experience gained on the DYMAC

project at the new TA-55 plutonium facility. The

computer, now located at DP-West, will eventually

be moved to the new facility at TA-55.

The eventual LASS system configuration is dif-

ficult to project now due to a number of uncertain-

ties. Initially, NM-DO envisioned a network of ap-

proximately 25 terminals to be remotely situated at

user sites and tied into the computer by communica-

tion lines. Questions concerning data base classi-

fication and eventual location of the computer must

be addressed. It appears that a phased development

beginning with a basic in-house system will allow

NM-DO to change from the CCF to a new semibatch sys-

tem. Enough system flexibility must be provided to

cope with future developments.

(1) Objectives. This system will improve

LASL's ability to track the SNM inventory on a

timely basis and capture more relevant data about

inventory items and transaction activity than the

current system does. Data errors will be minimized

by extensive preediting of data entered through

terminals. Reporting capabilities will be improved

and extended, both on-line and off-line. NM-DO will

be relieved of much of the tedious data hand check-

ing and AADP will be relieved of keypunching re-

sponsibility for transactions. This systen1 will

develop better archival methods and more useful in-

formation from the mass of historical data.

(2) LASS Performance Requirements. Trans-

action data entered through terminals must immedi-

ately enter the data base and result in a globally

available updated inventory. At least 1 yr of his-

torical transaction data must be on-line. Any ac-

tivity that affects the inventory of the system's

data tables must be permanently logged. Comprehen-

sive back-up and recovery procedures must insure

that transaction data are never lost. The DOE and

LASL reporting requirements and procedures must be

satisfied, and NM-DO must be provided with special

software utilities to allow tracking of in-transit

items and special report generation. The LASS must

be able to input transaction data from DYMAC by mag-

netic tape and, eventually, from other local comput-

ing sites.

(3) Implementation. The LASS implementation

will be a series of steps: phase 1 will be a basic

minimal in-house system, phase 2, a full system with

remote terminals, and phase 3, enhancements and

back-up system.

In order for LASS to replace the current sys-

tem, phase 1 must result in the implementation of

the following programs and data sets.

• All necessary information tables and main-

tenance utilities.

• Basic transaction set and maintenance utili-

ties.

• Basic on-line reports.

• Basic off-line reports.

• DYMAC interface with daily transaction ac-

tivity tape and biweekly inventory tape for data

base verification.

• On-line and archival back-up procedures.

•Transaction recovery procedures.

•Authorization-access-password procedures.

•Data base internal verification checks.

• DOE reporting procedures.
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Phase 1 will bring LASS to a parallel status

with the current CCF system. A period of parallel

testing will then be necessary before a permanent

changeover is made.

(4) System Design. The key element in the

LASS design is a data base structure that is flexi-

ble and accessible. The LASS data base will be

created, modified, and accessed by INFOS file-

management software. The INFOS system provides

methods for access to data base records through

multiple index structures. Access may be relative

positioning or by key; that is, by name within a

field. On the DYMAC project INFOS has proven to be

fast, efficient, and relatively flexible. Prelimi-

nary index structures that have been identified as

necessary for LASS are:

Beginning inventory

Current inventory

Receipt area

Project

Location

SNM balance by account or material number

In-transit items

Internal transaction by "from" item name

Internal transaction by "to" item name

Internal transaction by transaction number

External transaction by "from" item name

External transaction by "to" item name

External transaction by transaction number

Text (remarks) by item.

Transaction data entry will be performed on

terminals and will be limited to the basic trans-

action and reports appropriate to the level of re-

sponsibility and location. During phase 1, users

will fill out the same 80-column forms that they now

use, and NM-DO personnel will enter the transac-

tions. After a testing period, NM-DO will switch

over to the new system using a new form that will

require all of the information for the full system.

Later, during phases 2 or -3, processing personnel

may be provided with remote terminals for their own

use.

A terminal will be provided for NM-DO from

which they can do special restricted actions such

as monitoring in-transit items and generating spe-

cial reports. System terminals will be available

on a restricted basis to NM-DO and to software de-

velopment personnel. Off-line utilities such as

table updates and printed reports will be executed

from system terminals.

Magnetic tape input will come from DYMAC and,

eventually, from other remote sites that have their

own local computer systems. The magnetic tape will

also be used as a back-up medium to log on-line

transaction activity.

Based on the DYMAC project and time and budg-

etary constraints, most of the necessary phase 1

hardware has been purchased. This includes a Data

General Eclipse M600, 512-kbyte main memory, two

190-Mbyte disk drives, two 9-track magnetic tape

drives, 32 asynchronous communications line inter-

faces, a 600-LPM printer, and 4 Teleray system ter-

minals. Two Data Graphix 132-column CRT terminals

have been purchased for user terminal evaluation.

This system will run the AOS operating system with

COBOL, INFOS, and FORTRAN V.

A projected breakdown of major phase 1 activi-

ties is shown in Fig. 44. Once the data base design

is completed and a test data base has been created,

a number of design tasks may proceed in parallel.

This time schedule is only as a rough estimate.

During phase 1, a number of important decisions

must be made concerning future implementation; for

example, when and how to switch from the current

system to the new one. A proposal must be written

detailing the objectives and manpower requirements

of phase 2.

Phase 2 will involve moving to the new NM-DO

building, and customized transactions and reports

for approximately 25 individual sites must be made.

Remote terminals, communications lines, and on-line

instrumentation will have to be specified, reports

that are desired but not crucial for phase 1 must

be identified. Phase 2 will include the system ad-

ditions and improvements necessary to make LASS a

full accountability system with remote terminal sup-

port. One of the primary tasks to be performed dur-

ing phase 1 is a detailed analysis of what remains

to be done and the generation of a phase 2 proposal

detailing objectives and required manpower.

Phase 3 will include permanent maintenance and

enhancements based on NM-DO's experience with the

system. These may include improved on-line diag-

nostics and statistics tools, color graphics, and

audit reporting tools.
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10. Q-Division Support.
a. Electronic 'dentification for Vehicles

(Q-2) [ Landt, E-DOR; Bobbett, E-4; Koelle, E-5;
Salazar, Payne, E-2].

(1) Introduction. Remote passive electronic
identification systems have been under development
it LASL since 1972. Until recently, systems were
designed for livestock applications and the progress
of these efforts is included separately in this re-
port. The latest generation of this system is in
the early stages of commercialization, with the
equipment operating reliably with adequate perform-
ance for livestock applications. Support for this
early work was shared between DOE and USDA.

The DOE and DoD applications of this system
have long been recognized (Mini-Review 77-1). Dur-
ing the fall of 1977, an effort was begun to iden-
tify areas and programs where remote passive elec-
tronic identification would be useful. It was soon
apparent that, while the concept was well received,
most programs could not afford the time and effort
required to reengineer the system for their partic-
ular application. For example, a personnel badge

system would require a custom-integrated circuit
chip, which requires considerable time and money.

During the late spring of 1978, a need to iden-
tify vehicles, as a part of a larger system, was
identified in Q-2. The identity of a vehicle was
required as it was parked at a monitoring station.
This task was well within the capabilities of the
existing LASL electronic identification equipment.
Consequently, an effort was begun to construct a
system tailored for vehicle identification. Since
some reengineering was required and this was to be
a showcase demonstration system, costs are being
shared by E Division and Q-2.

!2) Current Efforts. Many constraints
placed on transponders designed for livestock can
be relaxed for vehicles. As a result, the system
was designed around the new battery-powered FET mod-
ulator transponders. These transponders provide
free-space interrogation ranges in excess of 40 m
using an rf interrogation beam power of <1 w.
Printed circuit board transponders were designed and
tested. A prototype unit was installed on the E-4
vehicle on August 29, 1978. The transponder was
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placed in a protected area under the truck hood.
This unit is still functioning properly and purchase
of transponders is proceeding. These transponders
are powered by a single C-size lithium cell. Ex-
pected lifetime without battery replacement is in
excess of 10 yr.

The receiver electronics were made board-for-
board interchangeable with the existing "suitcase"
unit of the USDA equipment. This eases construction
and troubleshooting as well as minimizing the spares
inventory. An AS232 interface was designed and con-
structed to pass the vehicle number to the Q-2 mini-
computer. Receiver equipment is being installed in
a semiportable equipment case.

(3) Future Efforts. In the immediate fu-
ture, equipment construction will be completed,
transponders will be mounted on vehicles, and the
system will be delivered to Q-2. We also plan to
continue to support this system and assist with the
inevitable start-up problems. A movie is being pre-
pared that will describe this system and demonstrate
spin-off reimbursable projects for DOE and DoD
needs. Outside interest is high for this system.
The upcoming USDA field tests and the LASL vehicle
system will demonstrate the true capability and po-
tential of the LASL electronic identification sys-
tem.

b. Real-Time Inventory System (Q-2) [Ethridge,
Kuckertz, Rose, E-5]. Group Q-2 is engaged in a re-
search and development program to investigate ways
to continuously inventory and safeguard SNM while
it is in storage vaults.1''

The real-time inventory system physical layout
is shown in Fig. 45. The basic concepts of this
system are to continuously monitor all SNM in the
storage vault; to measure the physical and nuclear
parameters of all SNM entering and leaving the
vault; and to monitor all personnel entering and
leaving the vault. A minicorr., ier (Data General
NOVA-3 in the prototype system) will be used on-line
to do the monitoring and transaction processing. A
typical transaction would take place as follows. A
person wishing to place SNM into the storage, vault
would enter a request for this transaction at the
transaction terminal. The computer would ask cer-
tain questions to authenticate the requester's iden-
tity and authority. The material destined for the
storage vault would be placed in the vault by way

STORAGE VAULV

SHELF
MONITORS

VAULT DOOR

NOVA 3
COMPUTER

GAMMA PORTAL
a

METAL DETECTOR

MATERIAL
INSPECTION

TRANSACTION STATION
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Fig. 45. Real-time inventory system physical lay-
out.

of the material verification station (MVS) door 1.
Next, the material would be weighed and a gamma and
neutron spectra taken. This information would be
retained by the computer until the material is re-
moved from the vault. The requester then enters an
anteroom of the vault by the gamma portal monitor.
The requester is not permitted to carry SNM or any
metal objects through the gamma portal monitor. The
SNM is removed from MVS by door 2 and placed on a
previously designated shelf monitor in the vault.
The requester then leavps the vault and anteroom
without any SNM or other metal objects. The SNM is
monitored continuously for evidence of unauthorized
tampering or removal.

Other types of transactions are completed in a
similar manner with the basic proviso that all SNM
enters and leaves the vault by the MVS while all
people enter and leave the vault by the gamma por-
tal.

With the exception of the shelf monitor and
some special-purpose interfaces, all of the system
hardware is being purchased from commercial sources.
The main thrust of the system development is divided
into two main areas: the design and development of
the shelf monitors and the design and development
of computer software to operate the system.

(1) Shelf Monitors. The shelf monitor has
been redesigned primarily to reduce cost. Elec-
tronics material costs have been reduced from ap-
proximately $70 to $30 in the 10 000 quantity range.
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This cost reduction was realized by replacing the

hardware logic components with an Intel 8048 micro-

computer. The IC package count of 40 has been re-

duced to 7. Approximately 20% of the microcomputer

on-board program memory is needed to achieve present

shelf monitor requirements. The addition of intel-

ligence to the shelf monitors will undoubtedly lead

to an increase in the design requirements as the

system development continues. The Intel 8048 con-

tains 1 k of ROM program memory. For the first 16

shelf monitors, the Intel 8748, which contains 1 k

of uv EPROM program memory, will be used. The

first 16 units are assembled and final tests are

being performed for vault installation at TA-18.

The use of 8748 with erasable programmable memory

allows for systems changes with no associated

hardware costs involved.

As a result of this program, Group E-5 has de-

veloped complete 8048-8748-8035 microcomputer system

design capability. The microcomputer software, the

hardware breadboard, and the programming of the

first 8748 are complete.

The microcomputer shelf monitor design has been

completed. The 20- by 20-cm printed wiring board

has been reduced to a 10- by 10-cm design, a size

reduction of 75%. Sixteen units are being fabri-

cated for the Q-2 system. Two hundred fifty units

are being constructed by E-2 for ir-*allation at

TA-55 in February 1979.

(2) Time Monitor. An additional microcom-

puter unit to be placed on the shelf monitor bus to

report the data-acquisition internal tima to the

minicomputer has been designed. The harr>are-soft-

ware design is primarily a subset of that of the

shelf monitor.

(3) Diagnostic Unit. A final test diag-

nostic microcomputer unit is being designed to test

the 250 units for TA-55 as well as provide mainte-

nance support. The unit will also monitor the mini-

computer shelf monitor array for proper operation

in real time.

(4) NOVA-3 Computer System. The computer

system that will monitor SNM in a vault is shown in

its entirety in Fig. 46. The system consists of a

NOVA-3 central processing unit with 64 k words of

memory attached to devices: four line RS232C serial

interface units, a 600-baud terminal, a 10-Mbyte

disk, a 9-track tape drive, a printer-plotter, and
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a type U CAMAC crate controller. All peripherals

were supplied by Data General Corporation with the

exception of the Versatec printer-plotter and the

BiRa Systems crate controller. All instrumentation

controlled by this computer system is interfaced to

the NOVA-3 I/O bus by one of two standard interfac-

ing schemes: the EIA RS232 or the CAMAC Oataway.

The RS232 interface is a standard device supplied

by Data General Corporation, while the crate con-

troller, which allows communication with the CAMAC

crate, is a commercial product obtained from BiRa

Systems Corporation. All instrumentation, with the

exception of the shelf monitors, is connected to the

NOVA 3 by way of a CAMAC crate. This CAMAC subsys-

tem is shown in Fig. 47.

Software has been written to simulate a 16-

shelf monitor system plus a time monitor. At pres-

ent this software exercises each of the shelf moni-

tors and keeps appropriate statistical data pertain-

ing to their operation in a disk storage file. This

system has been run for long periods of time, 7

days, with results that show that the scale in the

shelf monitor appears to be stable to within 2

counts/s out of a total of 1400 counts/s.

The NOVA-3 system will be used to control the

250 shelf monitors destined for installation in the

TA- 5 5 vault. Because the NOVA-3 system is used to

support a number of projects not associated with the

shelf monitor effort, a decision has been made to

retain the NOVA-3 system at TA-18 and communicate

with the shelf monitors and the DYMAC computer sys-

tem over dedicated telephone lines. Two unloaded

telephone pairs were installed between TA-18 and

TA-55, cable distance 10 km, to investigate the com-

munications problem. The design specifications of

the shelf monitor called for communications with the

NOVA 3 to be at the rate of 9600 baud. Extensive

testing of the two telephone pairs revealed that
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reliable data transmission between the sites was not
feasible using available telephone pairs. The test-
ing also revealed that communications at 4800 baud
and below is feasible. A minor software change in
a shelf monitor will enable communication at 2400
baud. Thus, data communication with DYMAC and the
250-shelf-monitor system will be at the rate of
2400 baud.

c. DYMAC Program (Q-3) [ Ford, Elkins, Dorin,
Wooten, E-5; Hagen, Gorlitz, 0-3]. Group Q-3 is
responsible for developing, implementing, demon-
strating, and evaluating the DYMAC program. DYMAC
is an in-plant materials control system that uses a
plant-wide network of in-line nondestructive assay
(NDA) instruments coupled with automatic data pro-
cessing equipment to continuously pinpoint the quan-
tity, form, and location of SNM throughout an oper-
ating nuclear plant.

DYMAC subsystems include NDA instrumentation,
data acquisition, data base management, and real-
time accountability. The NDA instrumentation sub-
system provides rapid, quantitative on-line measure-
ment for SNM as it moves from one unit process ac-
counting area to another. The data acquisition sub-
system provides accurate and reliable material con-
trol information to the central computer. The data
base management subsystem accepts and organizes in-
coming data into files for efficient retrieval of
specific information. The real-time accountability
subsystem draws on the data base for continuous
status monitoring of the nuclear material within the
facility. On detecting an abnormality, it signals
the condition and provides inventory data to aid
plant personnel in determining the appropriate re-
sponse.

A DYMAC system is being integrated into the new
LASL plutonium processing facility at TA-55 to serve
as a working demonstration. The DYMAC TA-55 goals
are to demonstrate the reliability and operational
feasibility of in-line NDA instrumentation in a pro-
duction environment, accurate and efficient data
generation, sensitivity to missing material, and
compatibility with production control and quality
assurance in a cost-effective manner.

The DYMAC TA-55 program is divided into three
phases. Phase I was a pilot program of research and
development and in-plant testing of NDA instruments
coupled with an interactive computer system at the

LASL DP-Site facility. This phase has been com-

pleted.
In phase II, currently under way, the technol-

ogy and equipment developed in phase I will be in-
tegrated into the new plutonium facility. The DYMAC
TA-55 '/ill be a full-scale, plant-wide system with
NDA measurement stations in each unit process ac-
counting area, interactive computer terminals, and
real-time SNM accountability and control. In phase
III the data collected during operation of all sub-
systems will be evaluated in depth, focusing on ef-
fectiveness of material control, reliability, oper-
ational ease, costs, and applicability to other fa-
cilities.

This major safeguards research and development
effort merges state-of-the-art nondestructive assay
instrumentation and computer technology with the ob-
jective of demonstrating a workable, cos';-effective
system of stringent, real-time control of nuclear
materials in a modern plutonium-prccessing facility.
Emphasis is placed on developing practical solutions
to generic problems of materials measurement and
control so that resulting safeguards techniques and
instrumentation will have widespread applicability
throughout the nuclear community.

The traditional methods for the safeguards as-
sessment of materials accounting and control within
a plant, namely periodic plant shutdown and clean-
out followed by physical inventory and material-
unaccounted-for (MUF) and limit of error of MUF
(LEMUF) calculations, have certain obvious short-
comings that have long been recognized. The prin-
cipal shortcoming is the lack of timeliness of the
material assessmpnt, the relative insensitivity of
the accumulated figures representing MUF, the prac-
tical difficulties in achieving a MUF of less than
0.5% throughout (or some small "trigger" quantity
of fissile material), and the severe economic pen-
alty levied by frequent shutdowns and cleanouts.
Clearly there is a need for a system of in-plant
materials control that can provide accurate, real-
time inventory assessment based on direct measure-
ments of SNM. Such real-time accounting systems are
only now feasible because of recent advances in NDA
technology and supportive computing and data-han-
dling capabilities.

Under DYMAC, material balances are drawn around
each unit process, which is defined on the basis of
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process logic, residence time of material in pro-

cess, and/or accessibility for measurement. For

example, a unit process could be a dissolver tank,

a single ion-exchange column, or a storage area.

All material composing an input batch to a unit

process is measured. The batch product, residues,

and wastes leaving the process are also measured,

thereby enabling a direct determination of the batch

MUF (MUF--input minus product, residues, and wastes,

all being measured quantities). The error associ-

ated with MUF, customarily called LEHUF, can be de-

termined from knowledge of the various measurement

uncertainties. Cumulative material balances and

control charts can be maintained for all unit pro-

cesses in a plant by a computer-based system pro-

grammed to alarm if any cumulative MUF value should

signal the possibility of either unauthorized re-

moval of nuclear material or excessive holdup. The

individual batch or unit process MUF values can then

be combined to obtain the overall plant MUF without

losing the detailed information contained in the in-

dividual MUFs. This accounting system provides not

only material accountability data, but also basic

information on plant operations, process and quality

control, criticality safety, and other factors.

DYMAC, phase I, involved a pilot program of

research and development and in-plant testing of

nondestructive assay instruments coupled to an in-

teractive computer system. Several NDA instruments

were used routinely to draw timely material balances

around individual processes. DYMAC, phase II, is a

follow-on program in which the technology, equip-

ment, and experience developed in phase I will be

expanded, tested, and subsequently integrated into

the new plutonium facility for full-scale demonstra-

tion of the DYMAC system.

Group E-5 is responsible for the specification,

procurement, design, and installation of the DYMAC

computer hardware and software as well as the com-

munications lines and terminals.

The DYMAC system became operational or January

19, 1978, and it processes 200 to 300 transactions

and 300 to 400 on-line inquiries per day. During

this reporting period, the back-up computer system

has been received and is being used for program de-

velopment and training. The new disk subsystem has

been received and is being installed. A timing

pcoblem associated with a user who is timed out and

is striking a key at the same time has appeared, and

a fix has been implemented. A statistical package

has been added for the purpose of obtaining infor-

mation about the users such as how many of what

kinds of transactions are taking place at any time

during the day; how long these transactions last;

how many time-outs take place; and how many trans-

actions does the user escape fro.i. The on-line in-

ventory by location report has been amended to in-

clude the total fissile content at that location as

a first step towards aiding in criticality determi-

nations. Additional transactions for the recovery

wings have been added. A new off-line report of the

material-in-process (MIF) activity has been pro-

duced.

cL Data-Acquisition and Control Sybuem for the

Gas-Cooled Fission Reactor (GCFR) Disruptive Core

Test Program (Q-13) [Damran, E-5; Miller, E-2].

This task involves E Division acting as design con-

sultants for the duration of the GCFR disruptive

core program with responsibility for the design and

implementation of the instrumentation and control

system to gather diagnostic data and to control the

independent variables. Testing of the first 37-rod

GCFR fixture has been completed. The seventh test,

intended to be destructive, was successful in this

respect. The fixture was disassembled, and the

failures of the fixture, as recorded by the instru-

mentation, were verified.

Programming support was provided for several

experiments that were conducted to obtain a data

base from which a more reliable spacer grid could

be designed for use in future GCFR test fixtures.

Installation and check-out of a test fixture

to be used in measuring the resistance profile of

the graphite heater rods to be used in subsequent

GCFR have been completed.

Programming and technical support have also

been provided for several tests that were conducted

on the HP-3O52A data-acquisition system to determine

the maximum sampling speed of which it is capable.

11. Sandia Support.

a. Air-Quality Effects Study (SLA) [Jennings,

Seamons, Backsen, E-5]. The initial phase of the

E-5 participation in this project has been com-

pleted. The air-quality effects study (AQES), a

follow-on to the Da Vinci experiment is an SLA proj-

ect. The primary objective of AQES is to provide
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necessary information to control the large-scale

regional, 50-1000 km, and subcontinental scale air-

quality problems, which a national shift to less

desirable fossil fuels will entail. The AQES ap-

proach uses a combination of ground-based, aircraft,

and bal loon-bni-ne measurement systems to acquire

necessary data to understand long-range air pollu-

tion phenomena.

Two airborne remote-sensing systems to be used

on the project are the Lagrangian measurement plat-

form (LAMP), a balloon payload, and Skyhook, a

slightly modified LAMP payload that will be borne

at the end of a cable on a helicopter for stack-

piume sampling. Both of these payloads will evolve

into fully automated remote-controlled systems.

The microprocessor adaptive data-acquisition

system (MADAS) suitcase computer developed by Group

E-5 was selected as the central data-acquisition,

processing, and logging subsystem for LAMP and Sky-

hook. One MADAS unit, configured to AQES specifi-

cation, has been delivered for LAMP and was field

tested in late September 1978. A second MADAS unit

for the project is being fabricated by E-2.

Most of the sensing instrumentation on the pay-

loads is being developed by the University of Den-

ver. They have assembled the one payload tested

thus far, which was subsequently shipped to Alabama

for field tests. The MADAS was hand carried to the

University of Denver and we assisted in the MADAS

integration into the payload and system check-out.

A block diagram of the AQES-MADAS system is

shown in Fig. 48. With exception of the LORAN navi-

gation gear, all payload instrumentation incorpor-

ated standard MADAS interfaces for digital and ana-

log I/O to and from the MADAS computer. The LORAN

equipment outputs data at a much higher rate than

was consistent with other acquisition modes (56 bits

at 400 kHz every 1.2 s). To handle these data, a

special shift register buffer external to digital

input was built. This buffer, with appropriate

digital 1/0 handshaking, enabled the computer to

acquire the most recent LORAN data on request, once

every 4 min. The UART-to-modem interface was modi-

fied for the AQES radio application.

Another subunit constructed for the project,

but not computer related, was a time-pulsed output

that provided a sequence of pulsed control signals

for some of the instrumentation.
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Instrument inputs by type, rate, and special

software processing required are summarized below.

All inputs were software converted to University-of-

Denver-designated engineering units except as noted.

Analog, 12-bit- word inputs read every 10 s.

• Radar altimeter, reported and logged every 2

min.

• Pressure altitude, reported and logged every

2 min.

• Balloon superpressure.

• Balloon temperatures, top and bottom.

• Instrument bus voltages, A and B.

• Helium valve open time.

• Reinflation pump time.

• VHF voice transmission.

• Ambient temperature.

• Reference voltage.

• Relative humidity.

• S0z mode.

• SÔ  concentration, 10-s readings were av-

eraged over a 4-min report and logging in te rva l .

• Ozone concentration, averaging same as S02.
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(NP).

1SCL/SO^ filter pack number, no processing

• Impactor number, NP.

• GraD sample number, NP.

Digital.

• LORAN navigation, 56 bits (fourteen 4-bit

BCDs). requested every 4 min, input by interrupt,

no processing.

• Three-axis anemometer, three 13-bit binary

words every 2 s. Input by interrupt; averages and

standard deviations for each axis calculated from

2-s data over 4-min report period.

Raw or processed input was converted to ASCII

characters and logged on the MADAS cassette unit.

Basic subframe logging rate was every 2 min. Al-

ternate subframes, A and B, contained different data

except for radar altimeter and" pressure altitude

repeated on both subframes. The output subframes

were also telemetered to ground by way of the UART

modem interface. Subframe A was date- and time-

tagged with data from a 1-Hz interrupt-driven soft-

ware clock. Data acquisition and processing were

organized so that all data for a subframe were

acquired as simultaneously as possible to facilitate

data channel-to-channel time correlation.

Systems and project-specific software for the

AQES-MADAS project were developed using the RCA CSOP

package installed on the E-5 PDP-11/34. This pack-

age consists of a one-pass cross-assembler and simu-

lator for the 1802 COSMAC microprocessor. The CSDP,

although agoniringly slow in execution, proved to

be very effective in software development. The

simulator, in particular, was of sufficient scope

to enable more than 95% debugging of the software

before verificatior, of the same on the 1802. This

was also applicable for debugging of I/O and inter-

rupt-handling software, often a serious deficiency

of host machine simulators.

All software was written in COSMAC level 1 as-

sembly language. The total package required 5

kbytes of memory organized into 2900 bytes of system

software, 1200 bytes of project specific software

and 900 bytes of I/O buffer, and other variable

space shared by systems and project software. Due

to overlapped data acquisition and results logging,

the system software had to be designed in-house.

Very little predecessor 1802 software was applicable

or usable.

The software was structured, as noted above,

into a set of systems modules and application-

specific tasks. The systems modules are application

independent and required a large part of the project

software development effort. Structuring into sys-

tems vs applications required additional initial

effort, but has paid off in that the system segments

have already been utilized on another MADAS applica-

tion.

The systems modules perform the following func-

tions.

• A task scheduler EXEC, a table-driven, round-

robin task manager that executes applications tasks

or systems tasks on either a demand or timed basis.

• A man-machine interface, ENTR, that anables

at least some orderly operator-to-software communi-

cation using the MADAS operating panel. This panel

includes a 4-digit LCD display output unit, a

2-digit thumbwheel input switch, and an enter but-

ton.

• A timed task, POLL, to handle character out-

put of ASCII records to UART-modem and bit output

to the cassette tape logger.

• A set of general-purpose arithmetic subrou-

tines:

• Multiple precision (40-bit) add, subtract.

•Double precision multiply (16 by 16) divide

(32 by 16).

•Square root.

•Average and standard deviation calculation.

• Subroutines for managing 1/0 to and from ring

buffers.

O A generalized interrupt handling procedure.

The applications software was organized into

four tasks run by the EXEC, which acquired data at

required rate and time, processed or converted re-

sults, and requested output by way of system soft-

ware facilities.

The initial LAMP payload involving the MADAS

unit was a prototype verification test. The balloon

carrying the payload also carried a pilot, whose

duties included launch and landing of the balloon

and managing the not-yet-automated functions of pay-

load instrumentation. A second phase of the project

ij expected wherein E-5 will upgrade the MADAS hard-

ware and software to fully automate the payload and

possibly enable remote flight control of the bal-

loon. This upgrading will enable transmission of
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comnarids from the ground-based terminal to MADAS,

which will verify and decode commands for remote

execution of instrument and balloon control func-

tions.
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C. Instrumentation Support

1. Introduction. This section contains re-

ports on a wide variety of small instrumentation

projects that support LASL research on a continuing

basis. Additional information en the items decribed

here can be obtained from the people identified in

the headings.

2. Electron LINAC Experiment (AT-1) [ Winston,

E-5; Stein, AT-1]. This project, electronic support

for the construction of a small electron accelera-

tor, was formerly in P-OOR and P-l, but has been

transferred to AT-1. The accelerator will be used

for a number of physics experiments, including some

on low-energy x rays and some with AP-2 on the feas-

ibility of using the electron beam to excite lasers.

In order to make it more useful to the laser

program, several modifications need to be made to

the LINAC. These modifications include:

•A higher beam current on target. For physics

experiments a few hundred milliamperes w^re ade-

quate; for the laser work, at least 2 A are desira-

ble.

•A higher repetition rate and more rf power.

The machine can now be operated to about 50 pps; the

laser work will require about 300 pps. This will

require several small changes and redesign of the

mo'ilator power supply. A 30-kV supply is now used

to charge the line through a resistor, but for the

higher repetition rates and more power, regulated

resonance charging will be needed.

•A new interlock system. The present system

is rather elaborate and occasionally is tripped by

electrical noise.

The dump magnet power supply is now in use.

Several small pieces of gear were completed, includ-

ing a chassis for gating an analyzer and laser and

t^ree laser detectors and amplifiers for various

applications.

3. Mass Spectrometer Modification (CMB-1)

[Buchen, E-5]. A Varian mass spectrometer, with

electronic components fabricated in Germany several

years ago, is being modified to improve reliability

and ease of repair. The ion acceleration power sup-

ply module was removed and has been replaced by a

Bertran 0- to 3-kV power supply modified to permit

remote resistance programming of output voltage.

The emission regulator will be replaced by an opera-

tional power supply and electron energy dc power

source, each operating at up to 3 kV above ground

potential as soon as spectrometer downtime is avail-

able.

4. Tritium Line Instrumentation (CMB-3) [Bu-

chen, E-5]. A 4-channel detection and control sys-

tem was designed and fabricated for a tritium pro-

cess line at DP-East. This system replaced a vi-

brating reed electrometer system that had been in

service for several years. Each channel consists

of an ionization chamber, solid-state parametric

amplifier, output level recorder, control circuit,

and level alarm. Although the system has performed

satisfactorily to original specifications, CMB-3 has

requested that the control function be modified to

provide two retable control levels for each channel

and variable hysteresis at the control setting. A

preliminary design for the modification has been

prepared and the modification will be effected as

soon as engineering and system downtime are availa-

ble.

5. Pug42 Neutron Diffraction Experiment

(CMB-5) [Buchen, E-5; McCurdy, Southard, E-l]. Tem-

perature and pressure indication and control instru-

mentation were provided for a WNR neutron diffrac-

tion experiment with Pu 2 4 2 as tne target material.

Diffraction studies were conducted with the sample

material subjected tc ambient pressure up to 50-k

psi and 350°C. Automatic temperature control was

provided by a remotely programmable Dialatrol tem-

perature controller whose output drives a phase-

fired SCR to provide proportional control of power

to four cartridge heaters imbedded in the sample

container. Provision was made for temperature in-

dication at the experiment site and computer logging

at the WNR control room. The sample container was

designed and fabricated at Argonne National Labora-

tory and was reputed to operate continuously at tem-

peratures as high as 350°C. However, we experienced

repeated failure of the heater and it was assumed

to be due to the originally installed burst-fired

SCR control. Phase fire provides limited peak volt-

age application to the heater element and thus re-

duces the possibility of heater failure due to short

duratici thermal shock.

6. Pu Heat Source Impact Study Instrumentation

(CMB-5) [ Buchen, E-5; Gallegos, E-2J. Fabrication

of a 0- to 20 kW, 0- to 2-kV dc electron bombardment

power supply is in process to raise the temperature
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of an encapsulated Pu heat source for space appli-

cations before it is fired in an air gun to simulate

thermal shock on atmosphere reentry. The sample

source is heated by electron bombardment and its

temperature is controlled within 2°C up to 2100°C.

Following elevation of the capsule to simulated re-

entry temperature, the capsule is fired in an air

gun and is impacted to simulate collision with the

earth. Capsule velocity before impact is measured

by detection of light-beam interruption caused by

fins at known distances on the capsule projectile.

Velocities in the order of 61 m are consistently

measured with an accuracy of ±1%.

7. Three-Zone Horizontal Tube Furnace (CMB-6)

[Buchen, E-5; Gamble, Southard, E-l; Gallegos, E-2].

A contra! system has been designed and fabricated

for a 0 to 1500°C, 7.6-cm diam, 1.2-m-long hot zone

tube furnace. The temperature of the two end zones

is a function of the center zone temperature and the

temperature difference between end and center is

manually set for each end. Each end zone is power

controlled by a separate burst-fired SCR control.

8. D.ynapak Press Velocity Measurement (CMB-6)

[Buchen, E-5]. Instrumentation is being provided

for the measurement of ram-to-anvil distance, ram-

to-anvil relative velocity, and ram acceleration on

a high-velocity (several meters per second) press

in order to determine impact energy. The ram veloc-

ity will be measured directly by a linear velocity

transducer and interruption of a light beam by a

perforated tapp attached to the ram and anvil. An

accelerometer signal will be integrated and a dis-

placement transducer signal will be recorded as a

function of time.

9. High-Temperature Calorimeter Instrumenta-

tion and Control (CNC-2) [Buchen, E-5; Southard,

E-l]. A control system was assembled to provide

208-Vac power to an isothermal twin calorimeter op-

eration at ~ 800°C. A Dialatrol proportional con-

trol is employed to drive a phase-fired SCR control.

The SCR control modulates the power to the calorim-

eter resistance heaters to control the steady-state

temperature within ±0.1° C for a 1-h period. The

differential temperature between standard and sample

is detected by a pair of thermocouples connected to

achieve a differential temperature measurement with

a sensitivity of ±0.05°C. The output of a Keithley

null detecting micrometer, employed for differential

temperature detection, is recorded on p. strip-chart

recorder.

Due to the close proximity of the heater and

thermocouple leads in the calorimeter, noise tran-

sients induced by the heater control were greater

than the signal derived by the calorimeter measure-

ment. The inclusion of phase-fired SCR control and

detector shielding has reduced the noise to an ac-

ceptable level.

10. Multichannel Sealer (CNC-2) [Nickel 1,

Brown, E-5].

a. Purpose. The multichannel sealer (MCS) is

a double-wide CAMAC module designed to count events

for selected time intervals, starting at an extern-

ally supplied timing mark (TM), and to store that

information in memory. The MCS can receive data up

to a 10-MHz rate and count for selected time inter-

vals from 1 ps to 20 vs per channel. Data stored

in memory may be nondestructively read by conven-

tional CAMAC commands.

A companion unit, the MCS display driver, pro-

vides oscilloscope x, y, and z signals that enable

the memory contents to be displayed either during

data-acquisition time or during CAMAC read opera-

tions.

b. Application. The multichannel sealer, de-

signed at the request of CNC-2, will be used in

their molecular beam experiment. In that experi-

ment, molecules of different characteristics will

be collided in an intermittent laser atmosphere.

The resulting chemical reaction, in the laser atmos-

phere and with no laser beam present, will be de-

tected and signal processed by a Princeton Applied

Research Model 1120 amplifier-discriminator. The

amplifier-discriminator outputs nr.ninally 10 ns,

-30 mA pulses into a 50-^ load. These output pulses

will be counted and stored in the MCS memory for

subsequent readout and analysis by a computer.

The nature of this experiment requires that the

multichannel sealer exhibit a counting dead time of

< 100 ns after externally supplied TM, at count-

rates up to 10 mHz.

c. Electrical Description. The MCS memory is

512 words, 21 bits per word including 1 sign bit.

Memory is arranged in two banks, and is accessed

alternately so that dead time between adjacent chan-

nels, that is, memory locations, is zero. Each

memory bank has its own accumulator so that while

65



counts are being accumulated in channel A(n), data

for channel B{n-1) are being written into memory,

and then the memory data from channel B(n) are load-

ed into the accumulator in preparation for counting

during the coining dwell time.

Oata being counted by either accumulator are

first passed through a pulse synchronizer to avoid

splitting a pulse at dwell-time transition:. This

technique assures that pulses cannot, be counted

twice by adjacent channels.

When countiny in the continuous sweep mode, a

run is automatically concluded at the end of a mem-

ory scan if the count in any channel reached 917 504

counts during that scan. Subsequent start commands

will result in a single data-acquisition scan

through memory.

Provisions are made for clearing data memory

by a single action. The clear action will stop any

active operation and automatically write zeros in

all memory locations. A separate command will per-

mit the user to stop data acquisition at the end of

a memory scan and restart at the next timing mark

without altering memory contents.

d. Data Count Error. When a particular memory

seen begins, some propagation delay is experienced

in the countdown of the 32-MHz crystal oscillator

to the selected dwell time. During initial unit

calibration, the normal count deviation between

channels was ±300 counts out of 900 000 or *0.03£

maximum,

e. Conclusion. The MCS is a complex unit be-

cause of its many modes of operation. We will not

attempt to detail the instrument specifications

here, but all specifications will be provided to

anyone requesting this information.

11. Automated Rock Testing (G-6) [Green, E-5].

This project involves automating a rock-testing fa-

cility. A stepper motor, operating through a set

of reduction gears, and a ram are used to apply con-

stant stress to a rock sample. As creep or fractur-

ing takes place, data on various points and time are

collected and stored on a floppy disk. An LSI-11

computer operating through a controller, sends

pulses to the stepper motor to keep constant si.ess

on the sample. A Bioipation data analyzer is used

to collect data during fast sample transformations.

Later these data are fed into the computer for stor-

age.

A program was written to prompt the operator

for input parameters and then collect data to be

stored on a floppy disk. An ADC is used to sample

the force transducer. The value, converted to

floating point, is used in a formula together with

position to compute stress. The stress is compared

to a set point, and if it is different, a stepping

motor change is made.

12. Tritium Monitoring Instruments {H-l) [Hie-

bert, Greenwood, E-5] . We are continuing our ex-

pansion of the tritium monitoring instrument family

and our most recent efforts have been addressed to

monitoring of radioactive gases in stack effluents,

and real-time selective tritium measurement in the

presence of radioactive noble gases or activated

air.

Our stack monitor developments have been di-

rected by the needs of R. Dvorak, H-l, since he de-

sires to use stack monitor instruments for environ-

mental measurements. This places stringent require-

ments on instrument performance; using a 50-L Kanne

ionization chamber, a stability of ±6 x 10"16 A

over month-long measuring periods in ambient temper-

atures ranging from -5°C to 27°C is desired. To

achieve this specification, we have designed an

electrometer preamplifier, which has been evaluated

and found satisfactory. It uses a varactor bridge

electrometer in a controlled oven. With this proof

of feasibility, a document entitled, "Specifications

for the Procurement of Instruments for Monitoring

Radioactive Gas Effluents" was written for H-l to

include in RFQs from industry. In parallel, we were

asked to prepare a proposal for a complete gas moni-

tor prototype instrument, including integration and

readout circuitry to allow real-time indication of

total charge from the Kanne chamber. Instrument

range would be 10"2 C full scale, with the least

significant digit in readout representing 1 0 " ^ C.

Measuring tritium in the presence of other

radio gases is a problem associated with the Prince-

ton Tokamak fusion test reactor. An instrument for

this monitoring problem has been proposed and we are

designing and testing a prototype. The ionization

chamber assembly consists of two concentric cham-

bers. The inner flow-through sampling chamber is

surrounded by a closed compensating chamber. The

thickness of the common wal 1 between th; chambers

is chosen to be slightly greater than the range of
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the most energetic tritium beta. As a result, trit-

ium ionization effects are limited to the inner

chamber, but the other radiations penetrate to the

outer chamber to produce compensating currents for

those generated in the measuring chamber. Differ-

encing electronics makes the subtraction to yield

readings proportional to tritium only.

Mechanical and electronic design problems for

this tritium monitor have been encountered. Mate-

rials selection was critical to avoid generation of

disturbing emf's within the chamber and to assure

minimal adsorption of gas in the walls and chamber

sealant materials. The performance is basically

limited by the gas dynamics resulting from a rapid

gas transient to be measured. Two Model 75 elec-

trometer amplifiers have been built with controlled

and matched response times for the chamber signals.

13. Calculating Display System for H-5 Proto-

type Exhaust Stack Sampler (H-5) [Ethridge, E-5;

Littlefield, Elder, H-5]. The exhaust stack sam-

pler, incorporating a calculating display system of

an ASM-48 microcomputer and 57109 number cruncher

microprocessor, will be recommended to the EPA in

conclusion of a contract, "Evaluate and Improve the

Present Method-5 Emission Control Standards." Group

E-5 estimates and a proposal to H-5 detailed, a cost

of $16 k to develop and design the system, software,

and hardware prototype for the calculating display.

At present, H-5 has funded only $6 k for system and

software design. Additional funds may become avail-

able to allow us to participate in the hardware fab-

rication and system debugging phase of the project.

Approximately 1000 units exist at present without a

calculating display system. A potential replacement

of 200 units with the design under development is

possible.

The hardware design is complete with prototype

assembly finished. Software design has begun and

some of the peripheral driver routines are being

written.

The major LSI devices incorporated in the de-

sign include:

•ASM-48 8035 microcomputer

•National MM 57109 number cruncher

•Intel 8279 keybonrd-display controller

•Intel 8155 expansion 256-word RAM and 1/0

unit

•Intel 8755 expansion 2-k word EPROM and 1/0

unit

•National ADC-0816 single-component 16-chan-

nel, 8-bit ADC

•Litronix DF-111 quad LCD driver and latch.

All of the LSI devices are incorporated in a

40-pin, dual-in-line package except the number

cruncher, which is packaged in a 28-pin DIP package.

14. PPP-11/70 Interface (L-4) [Green, E-5].

Group L-4 requested E-5 to connect a microdensi-

tometer and film reader to their PDP-11/70. These

two items were previously connected to a Data Gen-

eral NOVA computer; however, the NOVA was not in the

same room with the film reader and microdensitometer

and this created operator problems. A terminal is

located near the equipment and a CAMAC crate; there-

fore, the obvious answer was to use CAMAC to connect

the equipment.

This arrangement posed several problems how-

ever. The data-acquisition programs run under com-

puter time sharing are subject to being time-sliced

out of execution. This created "holes" in the data

coming from the microdensitometer, which sends data

whether the last data sent were read or not. The

film reader stops scanning until the data are read,

so there was no loss there. However, operation was

much slower than on the NOVA, and the problem could

not be solved by raising program priority.

We attempted to use interrupts using the SC

handler, written by MP Division. This also was not

a good solution because of complications in inter-

actions over the serial-crate highway. It was de-

cided to connect the equipment to an LSI-11 running

RT-11 and using floppy disks. Parallel interfaces

are used to gather the data that are then stored on

floppy disks. The floppies are taken to the PDP-

11/70, which can read them using FLEX.

The next step will be to connect the LSI-11 and

the PDP-11/70 using a serial line. The data can

then be passed back directly and programs can be

down-line loaded.

15. High-Speed Cine-Radiography (M, WX Divi-

sions) [Lundy, E-5]. A joint M and WX Division con-

tract has been let to the University of Dayton to

develop a high-speed cine-radiography system. Group

E-5 is assisting in monitoring this contract, which

involves high-voltage peaked-power systems and the

development of a new image-intensification system.
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A meeting was held with University of Dayton person-

nel in December and subsequent follow-up will be re-

quired. The resultant system is expected to have

an x-ray energy in excess of 300 kV and be capable

of at least 200 000 frames/s. Nine frames of 30- by

30-mn size can be recorded with a resolution of 20

to 50 line pairs/mm. Exposure time per frame will

be approximately 30 ns.

16. MWPC Fast Encoding Electronics for Proton

Tomography (MP-3) [Brown, McCabe, E-5]. An experi-

ment in computed tomography using protons is being

planned by K. Hanson and other MP personnel. The

results of a preliminary experiment^ indicate

that for the same radiation dose as commercial x-ray

CAT scanners, a proton scanner could produce a sig-

nificant improvement in density resolution. In the

experiment, biological specimens with abnormalities

will be used (a plastic phantom was used in the pre-

liminary experiment) and the data-acquisition time

will be reduced from 45 h required in the first ex-

periment to 20 min.

The proton beam detection will be done with a

multiwire proportional chamber (MWPC). The MWPC

will be a single plane of about 200 wires at 2-mm

spacing. The emerging proton energy will be meas-

ured by a 32-element range telescope. The goal is

to collect 60 million events in about 20 min using

the LAMPF beam. Because of the 6% duty factor at

LAMPF, this implies an average event rate of 1 MHz

during the beam pulse. To minimize the dead time

and thus excess radiation, the MWPC should be able

to accept a peak event rate of 5 MHz. For each

event, we must encode the wire "hit" by the proton,

8-bits, and the energy of the proton, 5 bits. This

data will be buffered in a first-in first-out (FIFO)

memory before it goes to a multimicroprocessor aux-

illiary crate controller.16

a. MWPC Encoding. The wire data handling and

encoding are done by a priority encoding method

similar to the MWPC data handling system developed

for P-7.17 In the priority encoding method, the

dead time, while encoding, is variable depending on

the number of wire addresses to be generated. This

contrasts to the serial readout method that has a

readout time fixed by the time required to generate

all possible wire addresses.

The original MWPC data handling system was mod-

ified to permit an event rate of about 6 MHz. To

achieve this high rate, events that would require

more than one wire address are rejected and only one

wire address per event is encoded.

The flip-flops on each 8-channel comparator

logic module that detect and store the wire hits,

output their data onto an 8-wire data bus as soon

as the flip-flop is set. The 8-channel module also

outputs a current onto a fixed current summing bus

if any of the wires are active; that is, flip-flops

are set. This signal is used to reject events if

more than one module is active. An analog current

sum is also performed on the 8-wire data bus to de-

termine the number of wires active. Events that

have more than two wires active are rejected.

Events that have two wires active but are not adja-

cent are also rejected. For the events that are

accepted, an 8-input priority encoder generates the

address of the active wire. The three bits from the

priority encoder plus one bit that indicates if

there were adjacent active wires, form part of the

wire address. The rest of the address is formed by

using two levels of priority encoding to determine

the address of the active module.

b. Range Encoder. The range telescope encod-

ing is a natural for a priority encoding system.

All 32 scintillator outputs are gated into coinci-

dence registers. The last scintillator will be con-

nected so it has the highest priority and the first

has the lowest priority. With scintillators con-

nected in this order, the address encoded will cor-

respond to the last active scintillator and there-

fore to range, or energy, of the proton entering the

range telescope. The range encoding system is in-

dependent of the MWPC fast encoding system. It can

handle up to 64 inputs, and outputs a 6-bit binary

word giving the address of the highest-order active

input about 85 ns after the gate signal, which

latches the inputs, goes true.

17. Data Link for Nevada Downhole Physics Ex-

periment (P-3) [Koelle, E-5]. Group P-3 has con-

ducted neutron time-of-flight experiments using neu-

trons from underground weapons tests for many years.

The apparatus is located downhole and the raw detec-

tor signals are sent jphole by coaxial cable. While

this has worked well in the past, recent structural

changes in these tests have increased the background

noise accompanying the signal to the point where the
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desired data cannot be extracted. The signal fre-
quency components of interest are in the 10-kHz to
5-MHz range; the noise has components in the 100-kHz
range, several times as large as the signal. It ap-
pears that this noise is induced in the coaxial ca-
ble.

Several alternatives to sending the baseband
signal up on coaxial cable are being studied, in-
cluding the use of an analog fiber optic link; how-
ever, the immediate need is a method that would al-
low use of existing coaxial cable assemblies. One
way to accomplish this would be to put the signal
on an rf carrier with high enough frequency to allow
the several hundred kilohertz noise to be removed
by a bandpass filter centered about the carrier fre-
quency. Frequency modulation would ordinarily be
the preferred method, but the wide bandwidth of the
baseband signal seems to make this impractical. The
remaining alternative is amplitude modulation. Or-
dinary amplitude modulation would require a 10-MHz
bandwidth, which seems quite practicable with car-

rier frequencies in the 30- to 60-MHz range, as used
in radar intermediate frequency (IF) amplifier sys-
tems. By choosing one of the standard radartIF fre-
quencies, one can purchase commercial bandpass fil-
ters.

The proposed system block diagram is shown in
Fig. 49. A low-power cw carrier is amplitude modu-
lated with the information signal and amplified in
a wideband linear amplifier to about 1-W peak level.
This signal, sent to the surface by coaxial cable,
is split to feed two channels. In one channel the
signal will be recorded directly to allow examina-
tion of the composite signal and noise components.
In the second channel the signal is sent through a
bandpass amplifier to strip off the noise, then am-
plified if necessary, envelope detected, and re-
corded.

Of the required system components, the bandpass
filter and the wideband linear power amplifier will
be purchased as standard items. The uphole ampli-
fier, if needed, will also be a purchased device.

LOW FREQUENCY NOISE
BLOCK A B O U T 33OpF

DATA SIGNAL
SOURCE

DIRECT
RECORDING

BANDPASS
FILTER

55-65 MHz

SIGNAL
TO

RECORDER

WIDEBAND
POWER

AMPLIFIER

MODULATOR

ATTENUATOR

DOWNHOLE COMPONENTS

ABOUT I WATT CAPACITY

ABOUT O.lmW

ABOUT I TO 10 mW
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CARRIER

GENERATOR

Fig. 49. Amplitude modulation r f data l ink for P-3 downhole experiment t ranslat ing the 0- to 5-MHz base-
band signal to 55- to 65-MHz double sideband am.
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The 60-MHz carrier generator will probably be a pur-

chased crystal oscillator module. The most crucial

components are the modulator and the envelope detec-

tor, since this application requires stability and

linearity in the modulation and demodulation pro-

cesses beyond that ordinarily required in communi-

cation systems.

It is expected that demodulation will present

no big problems. A diode detector using a hot car-

rier diode and a diode-generated dc offset to com-

pensate for the diode forward drop should work well,

as shown in Fig. 50. If this arrangement is not

sufficiently linear, a more complex synchronous de-

tector can be built.

The most difficult component to build is the

linear amplitude modulator. Work done so far has

shown that a simple diode-ring modulator with cou-

pling transformers, which are widely available for

doubly balanced mixer applications, suffers from

poor linearity and has a poor output waveshape. An

active modulator, with a transconductance multi-

plier, works better but still suffers from poor

linearity. The best result so far has been with an

integrated circuit analog mixer device, the Motor-

ola MC12002. This has adequate linearity and a suf-

ficiently good output waveshape as long as the sig-

nal levels are kept low enough, at about 0.1-mW out-

put level.

18. Reactor Power Monitor (Q-2) [Lewis, Eth-

ridge, E-5]. The function of the reactor power mon-

itor is to independently record reactor power levels

for comparison to operating power levels now identi-

fied by normal operating procedures and personnel.

The monitor will be packaged in a small briefcase

or suitcase enclosure so that it may be handcarried

to a reactor site and left unattended to record the

power level for 30 days. A unit is being designed

for International Atomic Energy Agency (IAEA) evalu-

ation with a potential for more units.

Preliminary testing has been accomplished using

the CMOS 1802 microprocessor suitcase unit supplied

to Q-2. This testing has generated additional re-

quirements and features, which are the factors re-

quiring a new system design.

The performance requirements, operator con-

trols, and operation procedures have been documented

in an operation manual before hardware-software de-

sign. The hardware schematic is complete and proto-
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Fig. 50. Proposed linear diode detector.

type construction is beginning. The software pro-

grams are flow charted with much of the program cod-

ing ready for editing and assembly on the microcom-

puter development system.

The monitor will incorporate two Intel ASM-48

single-component microcomputers. The Intersil CMOS

equivalent microcomputer will be substituted when

and if it is available. The present power require-

ment for the system is operation from 115 Vac, 60-Hz

power and to contain battery back-up for 8 h.

A master microcomputer will perform the data

acquisition, computation, and all I/O interfaces.

A slave microcomputer will control the cassette tape

recording.

Group E-5 is responsible for the hardware-

software design. Group Q-2 is responsible for the

unit fabrication.

19. Reduced Variance Calculator (Q-2) [Eth-

ridge, E-5]. The primary task of this unit is to

perform data acquisition, analysis, and calculations

in the determination of basic fission physics param-

eters, specifically identification of fissionable

material. The original unit software-hardware de-

sign has been upgraded to alljw input of additional

variables, definition of parameters for calibration,

and equation selection as applicable to a specific

environment.

Development of the Feynman variance calculator

was detailed in our previous semiannual report. The

reduced variance calculator is an improved design

incorporating the high-speed data accumulation and

scientific calculating system (8748 microcomputer

and 57109 number cruncher) into one physical package

for field deployment.
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The E-5 task has been design integration of new
requirements and hardware-software into the new
unit. Groups E-2 and E-4 have packaged the new
hardware. Group Q-2 will debug the power supply
lines and data-acquisition electronics. Group E-5
will then debug the total system, including the
scientific calculation system, using the newly
acquired ICE-48 in-circuit emulator for the ASH-48
microcomputer. Upon final check-out, the unit will
be installed in one of the vans belong to the nu-
clear emergency search team (NEST) for field deploy-

ment.18 Two additional units will be manufactured
for Group Q-3.

20. Hardware Speech Synthesis (Q-2) [Ethridge,
E-5]. The goal of this research and development is
to add speech generation capability to NEST search
briefcases and safeguard equipment. This feature,
provided with an earphone, allows identification or
alarm to the briefcase search personnel without in-
dication to the environment being searched.

One speech synthesizer module manufactured by
Telesensory Systems, Inc., has been purchased and
evaluated. The evaluation system consists of a
microcomputer sequencing the speech module, whose
output drives an audio amplifier and speaker. The
speech module in operation is the Model S2C, which
contains a fixed, 64-word ASCII vocabulary.

This module is exercised by a supplied 6-bit
word code, a start pulse, and examination of a ready
signal. New vocabularies may be achieved by gener-
ating custom read-only memory semiconductor compo-
nents for the module. Other units for possible
evaluation and consideration use sequenced word
codes based upon phonemes instead of read-only mem-
ory fixed vocabularies.

21. TA-55 weight Measurement System (Q-3)
[Backsen, Nickel 1, E-5; Carrier, E-2J. Design and
development of a solution weight measurement system
to be used in the TA-55 gloveboxes is under way.
The weight measurement system will be used to weigh
solution samples within the glovebox and transfer
this information to the DYMAC system by way of the
solution assay instrument (SAI).

The gloveboxes now have tanks and pressure
transducers with associated voltage-to-frequency
(VF) converters. The remote electronics is being
developed in two stages. The first stage is an in-
terim system that consists of a separate signal con-
ditioning box for each tank. These remote boxes are
then daisy chained on a serial bus to a central
power supply and readout box. There is a separate
power supply and readout box for each glovebox line,
about six tanks. The interim stand-alone system
will not be interfaced to the SAI. The readout is
simply a frequency count of the VF converter and
must be translated to weight information by a table
or graph. Six remote electronic Loxes and one cen-
tral power supply and readout box have been fabri-
cated, checked out, and delivered.

The second stage will irx'ude intelligent re-
mote boxes, interfaced to the SAI by a serial daisy
chain data communication bus. The remote boxes will
translate the data, display the data locally in
engineering units, and transfer the data upon re-
quest, either local or from the SAI, to the SAI.
The remote box will contain an Intel 8748 micro-
processor ariu associated electronics. Design and
development is under way.

Specification of the remote box to SAI inter-
face at this time is rather vague and must be clar-
ified in the near future.

22. Model 498 Active Filter Differentiator
(WX-2) [Hiebert, E-5; Van Lyssel, E-2]. This in-
strument was designed for electrochemistry applica-
tions requiring precise sensing of the point of max-
imum slope in a changing chemical reaction. This
problem has been approached by Callicott and Carr, '
who suggested using active filter differentiators.
The present design uses a Burr-Brown UAF-11 active
filter to yield controlled cut-off frequencies rang-
ing from 0.05 Hz to 0.9 Hz. Control of Q is fur-
nished to allow adjustment for critical damping and
this control is independent of cut-off frequency to
simplify adjustments. The active filter circuitry
also allows pick-off of a second derivative signal
from the high-pass output; in some chemical studies
this gives a more accurate measure of the time of
the peak of reaction rate.
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III. TECHNICAL SERVICES, H. S. OLAF'JN, ASSISTANT

DIVISION LEADER

This section of the report describes E-Division

capabilities to support other technical divisions

and groups in terms of maintenance, technician ser-

vices, fabrication, and telecommunications support.

This discussion is a general description of these

capabilities in terms of personnel and facilities.

A. General Group Activities (E-l)

We have made a number of organizational changes

in this report period. The Teleccmmunications Sec-

tion transferred from Group E-l to form a new Group

E-9. The E-5 Minicomputer Maintenance Section was

transferred into Group E-l, and a new E-l section,

Radiation Survey Instruments, was formed. We now

have 11 sections in the group all doing maintenance.

The bulk of our work is electronic, but we do some

mechanical maintenance including vacuum pumps, leak

detection, and balances.

With the formation of Group E-9 our responsi-

bility for the telecommunications function has

changed. Radio maintenance is performed by E-l with

E-9 as our customer: this same customer-vendor re-

lationship exists between E-l and E-9 in protected

wireline (PWL) installation.

Our relationship with Group SD-4 has also

changed during this report period. We formerly re-

ceived indirect funds for support of the Electrical

Standards Section, located in the main shop building

and operated in conjunction with Group SD-4 and

their metrology work. Beginning in FY-79, all of

the indirect funding for this effort went to SD-4.

We are now attempting to support our calibration

efforts by recharge. We intend to continue the

calibration effort in the same location with the

same people who have been under indirect funding.

The Computer Maintenance Section transferred

in its entirety to us October 1, 1978. The major

effort in this section is concentrated on Digital

Equipment Corporation (DEC) equipment. We are

training personnel for maintenance of Data General

computers and now have our first system under con-

tract. There are many Data Genera? systems in the

Laboratory and we anticipate a large potential busi-

ness in this area.

The new section formed to maintain radiation

survey instruments is funded primarily by Group H-l.

In addition to that effort, the section performs

maintenance on doorway monitors and criticality

alarms. Our support to groups other than H-l to is

expected to expand.

Our nine other sections continue to expand

gradually. We expect about 10% increase in business

during FY-79. The key to maintaining our ability

to respond to customer needs lies in our recruitment

of competent technicians and subsequent training to

update skills.

B. Recharge Programs (E-2)

1. Detector Services Section. During this

report period, the capabilities of the Detector

Services Section have been expanded significantly.

This capability expansion includes general personnel

upgrading and applying semiconductor fabrication

techniques to areas other than semiconductor detec-

tors. These techniques have been helpful in several

L-Division target-and-beam diagnostic projects. Two

of these projects, ultrasonic grinding of approxi-

mately 50 glass ovals 0.012-in. wide by 0.020-in.

long by 0.005-in. thick and producing several 30- m-

thick silicon filters by electroetching epitaxial

silicon wafers, were performed for L-7 and L-4, re-

spectively.

We have made more than 20 pyroeiectric detec-

tors for E-10 with pulse risetimes of < 20 ps. This

technological advance has resulted in several E-10

publications and papers. The development and fabri-

cation of thermopower laser beam alignment detectors

continues; additional devices were made for L-l,

L-4, and L-10, and a new device with annular ring-

and-hole geometry was designed and built for L-10.

New on-line equipment includes a vacuum coater

for depositing aluminum and gold and two 15% Ge(Li)

spectrometers. The spectrometers are available for

use on a loan basis.

2. Quality Control. In response to printed

wiring board plated-through hole fabrication prob-

lems, an inspection procedure to insure hole integ-

rity has been initiated. Board samples are sent to

the CMB-6 Materials Technology Group for cross-

sectioning; the results are used to determine the

acceptability of boards produced during the sample

interval. A nondestructive test instrument based

on a microresistance measurement method has been or-

dered and should be available for verifying plated-

through hole metal thickness during the third quar-

ter of FY-/9. This instrument will permit
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inspection of each run of boards and, in conjunction

with cross-sectioning techniques, will improve the

quality of plated-through boards produced in E-2.

A staff member who is assigned to E-2 while

awaiting clearance has begun an engineering study

to determine if the economics of printed wiring as-

sembly testing is feasible. The results and recom-

mendations from this study will be available early

in 1979.

In support of E-2 fabrication services, 8600

items were inspected during the past 6 months. A

new 61-cm height gauge and surface plate are now be-

ing used for some mechanical inspections.

3. Printed-Wire Board Section. A numerically

controlled (NC) drill was recently purchased and

personnel are being trained to operate it. The NC

drill will provide us with greater precision and

speed in drilling and routing printed-wire boards.

The state of the art in printed-wire board pro-

duction is being actively evaluated to determine how

we can improve our overall process operations. In

the next few months, we will concentrate on improved

turnaround and product quality.

4. Production Control Section. During this

period we initiated 1238 work orders representing

more than 750 jobs and supporting approximately 75

LASL groups. In addition, approximately 3100 fabri-

cation hours were awarded to Missouri Research Lab-

oratories (MRL) for various electronic manufacturing

jobs. Five Model 96 PDP-11 debugging tools, a popu-

lar item manufactured by E-2, were built for custo-

mers during this period. Other significant jobs

completed were: 2 CAMAC crate controllers for Union

Carbide, Oak Ridge, 18 thyratron trigger chassis for

AP-Division, and 340 pc boards for the CTR-8 ZT-40

control system.

Scheduling and cost control have continued to

improve as evidenced by monthly surveys. Schedule

control has suffered setbacks due to model and paint

shops remodeling and problems in the pc shop. Prog-

ress in establishing a materials control system has

slowed due to delays caused by remodeling and delays

in assignment of a purchasing analyst. However,

parts control and flow to the fabrication floor have

been greatly improved.

5. Fabrication. The wire wrap facility has

undergone soif.e recent changes in that software and

hardware functions have been consolidated. This

consolidation should increase overall efficiency,

performance, and customer satisfaction.

The new NC drill should enhance our capabili-

ties enough to allow a 15% increase in pc assembly.

We hope to improve cost, schedule, and product qual-

ity through the purchase of a wave solder machine;

we are comparing prices and models. We have pur-

chased a pneumatic swager that will allow installa-

tion of a variety of terminals in half the time now

required. The swager should be operational January

1, 1979. The working environment and conditions

have been greatly improved by the fabrication shop

remodeling.

6. Mechanical Fabrication Shop. Fifty new

punches and dies have been purchased for the Strip-

pit; the Strippit becomes job-cost efficient when

three or more panels are punched. We have produced

five jobs on this machine to date.

A new lathe and several bench tools have been

added to the staff shop.

7. Spray Painting Section. Professional

painting jobs are now possible due in part to new

and more efficient filters in ihe compressed air and

booth air.

8. Photographic Section. An automatic photo

processor is being considered for the camera room.

If this equipment is obtained, processing time will

be cut by a factor of 4. The amount of work per

operator could increase by 20%.

9. Screen Printing Section. A new screen

cleaning tank filled with a biodegradable cleaner

is now being used. Cleaning time has been cut from

40 min per screen to 10 min.

10. Technician Services Section. During this

report period we have had a 21.5% personnel growth

rate. While our manpower requirements have in-

creased, our customer base has remained relatively

constant. Thirty-four LASL groups are currently

using E-2 technicians. This customer base repre-

sents our support of most of the major experiments

being conducted at LASL including: laser spectros-

copy, AP-3, proton storage ring, AT-3, geothermal

technology, G-4, biophysics instrumentation, H-10,

solar, Q-ll, international safeguards, Q-l, and

high-energy gas laser, L-10. Kirk-Mayer, Inc., was

the successful bidder on our outside technician con-

tract, replacing the incumbent MRL. As in the past,
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we are emphasizing training; digital and high-volt-

age pulse work are the two areas of highest demand

from our technicians and customers.

11. Hybrid Microelectronics Section. During

this report period, we have supported numerous Lab-

oratory projects by providing microelectronic fabri-

cation services. These included preparation of pre-

cision thin-film and special-purpose thick-film re-

sistors; manufacture of standard hybrid circuits

including logarithmic amplifiers, avalanche and SCR

pulsers, and component carriers; and microelectronic

assembly operations that require special equipment

and skilled technical personnel. We have also pro-

vided consultation services for several groups who

require unusual electronic fabrication services and

advice on electronic materials technology problems.

12. Design and Packaging Section. This sec-

tion has undergone a number of changes and as a re-

sult we have several new capabilities. A new draft-

ing contract for 20 000 h is now out for bid, an

increase of 14 000 man-hours over last year. We now

have 12 contract draftspersons who support several

major LASL projects. We now offer preparation of

flip charts and viewgraphs for high-quality pro-

fessional presentations. A new Duostat camera was

purchased and is in operation. This equipment

enhances our illustration capability and speeds up

our artwork turnaround. The new off-line computer-

aided drafting Jigitizer for generating schematics

and diagrams has been set up at SM-39. As soon as

the design aids system and plotter are operational,

the off-line digitizer can be put into operation.

The 3-day turnaround for pc board artwork mentioned

in the last report is now possible. This means that

we can produce, on the average, a drill drawing, as-

sembly drawing, and camera-ready artwork from an

engineer's sketch within 3 days.

An LSI-11 chassis has been designed for user

groups through LASL. When the prototype design is

finalized, the chassis will be a stock item.

13. Special Projects. This section is com-

pleting eighteen 2.5-GHz Model 1776 MCP oscillo-

scopes and two 5-GHz Model 76 French tube oscillo-

scopes for L Division. These projects will be com-

pleted in March 1979. Additional orders from J Di-

vison, L Division, and other organizations are ex-

pected, which will maintain the oscilloscope produc-

tion effort through calendar year 1979. J Division

expects funding for large quantities, 100 or more,

of the Model 1776 to begin in FY-80.

C. Research and Development Programs (E-2)

Hybrid Microelectronics. During this report

period we have placed major emphasis on the devel-

opment of high-reliability hybrid microcircuits for

use in the P-4 space electronics systems. Hybrid

layout, design, construction techniques, and pack-

aging methods have been carefully considered in

these designs. A number of circuits have been con-

structed and will be tested by a commercial labora-

tory for temperature cycling and thermal shock, ac-

celeration, particle impact noise, fine and gross

seal, and electrical operation.

A digitizer counter hybrid circuit was devel-

oped for Group M-4. It contains six digital inte-

grated circuits packaged in a 24-pin DIP. We have

begun work on a similar unit containing nine inte-

grated circuits. This will be used in a major data-

acquisition system. Approximately 800 of these cir-

cuits will be required and we expect that they will

be purchased from a commercial supplier after we

have completed the development work.

A hybrid microelectronic circuit has been de-

veloped in conjunction with Groups E-l and H-l for

use in a new personnel radiation monitor. This

film-badge-size unit contains a cadmium telluride

radiation detector, electronic circuitry, batteries,

and a miniature loudspeaker. It is designed to warn

the wearer of low levels of radiation by providing

a chirping sound. We have completed approximately

50 of these hybrid circuits and expect to build an-

other 400 before the design is transferred to a com-

mercial vendor for quantity production.

D. Telecommunications (E-9)

Group E-9 was formed on October 1, 1978, by the

transfer of the Telecommunications Section of E-l.

The primary responsibilities of E-9 include admin-

istration of the telephone system, management of the

radio program, and wireline services.

A new emphasis in telephone service has been

the effort to have all requests for moves, changes,

and new systems handled by Mountain Bell's govern-

ment service representives. Beginning January 2,

1979, the phone number for service requests, 667-

3400, will be answered by Mountain Bell personnel

who will make all initial customer contacts. Group

E-9 personnel will continue to monitor and approve



all telephone work orders and will handle liaison

with the ENG Department and Zia Company crafts when

necessary. A telecommunications system study is be-

ing conducted to detail the growth of the telephone

system, data circuits, radio systems, and costs

since 1969. This study will be the foundation for

our planning activity for future telecommunications

services growth. Various devices designed for con-

nection to the telephone network are being obtained

by E-9 for evaluation and loan to users. We have

on hand three portable conference telephone sets,

Model 50A1, and have ordered three "Rapidialers,".

We hope to expand this capability as more unique and

cost-effective customer-provided equipment (CPE) be-

comes available.

In the radio program, an experimental age-based

flat-rate maintenance cost schedule has been devel-

oped and is being added to AADP's radio cost-charg-

ing software. We hsve participated in the new

Emergency Operations Center design; the center is

scheduled to be completed in January 1979. We are

beginning an analysis of our radio program manage-

ment in an attempt to identify LASL administrative

needs and the needs of radio users. This will en-

able us to perform a meaningful and satisfying role.

Wireline (data communications) needs are in-

creasing within LASL. Major PWL projects are under

way in TA-3. The Directors Office has requested

that we submit a project management proposal for the

portion of the project within SM-43. The project

includes installation of conduit runs to A and D

wings on the first, second, and third floors; pull-

ing in 7000 pairs of shielded telephone cable; ter-

minations at cross-connect boxes and extensions to

collector boxes and protected outlet boxes for ap-

proximately 250 users. The proposal has been pre-

pared and submitted to the Directors Office for re-

view. We believe that increasing emphasis on com-

puter security and moves toward distributed remote

computing will increase the demand for wireline

services.

An important emphasis in E-9 will be close co-

operation with other LASL organizations that have

telecommunications interests. Preliminary contacts

have been made and mutual interests are under con-

tinuing discussion. We intend to deemphasize daily

user contacts and emphasize advance planning of the

LASL telecommunications system.

Projects for the first half of 1979 include

review and upgrading of our facilities drawings,

possibly implemented on computer graphics, and de-

velopment of a facilities data base to aid in plan-

ning expansion of our cable plant. We plan to ex-

plore practical problems involved in administration

of wideband communications resources including

charging algorithms, methods of cost recovery, and

financing system expansion.

E. Information and Training (I&T)

1. Summary £Fox]. Personnel changes in I&T

Services have impacted our goals. Due to an overall

reduction in staff, we have focused our efforts in-

ward toward satisfying E-Division needs. Much less

effort was expended on LASL-wide training problems.

It is anticipated that this new posture will con-

tinue.

New projects initiated during this report pe-

riod include the development of a SECA training pro-

gram and a technician training program for Group

E-l. We have continued to refine the plans for a

technician training program for E-2; with their co-

operation training activities have been scheduled

for all of FY-79. Progress has been made in the

computerassisted instruction area; our experimen-

tation with programmed logic for automatic teaching

operations (PLATO) will be the first system of this

kind used by I&T Services. A 6-month experiment is

planned for January through June 1979.

The Video Learning Center (VLC) was moved to

the Trinity Square Complex. Group PER-5 has assumed

responsibility for the facility and the production

of quality educational videotaped instruction. Ma-

jor equipment and benches have been purchased for a

technical training laboratory. Six stations are

equipped to serve 12 students as soon as space be-

comes available.

Seven courses were conducted during this report

period with 82 E-Division participants. Seminars

in psychology are being conducted weekly. Individ-

ualized instruction modules have been heavily used

with the microprocessor training modules most in

demand. New videotaped instructional series have

been added to the I&T library with the purchase of

three DEC series and two Texas Instruments series.

Video viewing continues to be a viable resource to

E Division and other LASL employees. Video search

microfilm (VSMF) usage increased with a total of

180 searches conducted.
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Continuing education for I&T personnel included

courses in American sign language, computer-assisted

design, and PLATO author language.

2. Employee Development [Brown ]. Upon return

from a leave of absence to work on her masters de-

gree in psychology, Molly Brown has assumed the re-

sponsibilities of E-Division Affirmative Action

Representative. In addition to her AAR duties, she

is available to all E-Division employees to discuss

problems in work situation, career plans, and per-

sonal life that affecb their work. When appropri-

ate, she can informally investigate a situation, act

as "interpreter" between people experiencing inter-

personal or communication problems, and refer people

to other LASL resources for specific help. Molly

will study human relations areas that are general

problems within E Division and conduct short courses

to help supervisors and employees resolve these

problems.

3. Programs for Handicapped Employees [Simon].

In conjunction with the LASL Employee Relations

Office, I&T Services is examining several areas of

importance to deaf employees. A procedure is being

established to standardise hiring interpreters

throughout LASL. Several sources of interpreters

are being examined for availability, costs, certi-

fications, and affiliation with national groups.

It is hoped that a standard procedure will provide

the most effective interpreters for deaf employees.

The feasibility of installing telecommunication de-

vices in homes of deaf employees and LASL work sites

to allow communication between the employee and em-

ployer is being considered. Seven E-Division em-

ployees participated in a basic sign language course

twice a week from October 3 through December 15.

The class learned the alphabet, how to count, and

over 1000 signs in American sign language. Bene-

fits of this training are already evident in the

day-to-day communication with two deaf E-Division

employees.

4. New Programs.

a. SECA Training Program [Simon, Fox]. In

conjunction with E-5 and the DOE Protective Force,

I&T Services is helping develop and produce a

training program to instruct guards in the use of

the SECA. The initial orientation will be in

slide-lecture format using an instruction booklet.

After revisions are made, the program will be con-

verted to a self-instructional videotape with work-

book.

b. Group E-l Training Program [Fox, Brown].

I&T Services is working with E-l to develop an in-

tensive training program for Tech I level personnel.

The purpose is to provide upward mobility oppor-

tunity for women and minorities to allow them to

advance to TEC II and TEC III levels and help meet

affirmative action goals. The training will be

vigorous, requiring dedication and commitment from

the employee. Each trainee will be given an indi-

vidually tailored program to meet their needs and

goals. During the first year of the program four

employees will be selected. They wil? alternate

8-wk periods of half-time training, half-time work,

and full-time work.

c. People at Work: Seminars in Psychology

[Brown]. Molly Brown will present luncheon seminars

to be held weekly, 11:45 a.m. to 1:15 p.m. on

Thursdays, in the South Mesa Cafeteria, beginning

November 30, 1978. Each seminar will present a

basic psychological concept, with opportunities for

discussion about application to the work environment

and suggestions for further reading and study.

E-Oivision personnel are invited to attend any or

all sessions as their interest and schedule permits.

Topics will include:

• What Do People Need?

• Passing the Buck: Blaming, Projection, and

Defensiveness

• Feelings: Expression or Repression

• Subpersonalities: The Many Faces of Everyone

• Taking Charge: Will and Choice

• Lend Me an Ear: Listening in Communication

• Making Myself Available: Self-Disclosure in

Communication

• The Person-Centered Politics of Carl Rogers

• Life Transitions at Work

5. New Materials.

Instructional Videotapes [O'Mara]. Three

DEC programs were obtained during this period. They

are "Introduction to VAX-11 Concepts," a self-paced

series that includes an 11/780 overview, HEX number

system, data representative operating system over-

view, process structure exceptions and interrupts,

memory management, and compatibility mode. One new

program, "Introduction to VAX-11: Instruction Set,"
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is designed to teach the viewer how to code VAX-11

instructions. "Introduction to Data Communication

Concepts," includes discussions of trends, basic

concepts, system types, channel concepts, common

carriers, error handling, terminal equipment, linear

control, and software. "MOS Integrated Circuits,"

a 20-tape series, was obtained from Texas Instru-

ments. Discussions about electronic calculators,

the development and operation of FETs, and reasons

for the rapid growth of MOS technology are included.

"TI Calculator Series," includes the evolution of

programmable calculators, basic calculator func-

tions, variable value entry, labels, and uncondi-

tional and conditional branchings. One program was

acquired from LLL, entitled, "Basic Strengths and

Mechanics of Materials foi Draftsmen and Designers."

These videotapes cover introduction and forces,

kinds of stress, relation between unit stress and

defamation testing, moments and types of beams,

sheer diagrams for concentrated loads and disturbed

loads, cantilever beams, theory of bending, proper-

ties of sections, and previously developed formulas,

moment of inertia, and section modulus calculation.

6_. Continuing Programs.

a. Visual Search Microfilm [O'Mara]. In the

past 6 months a total of 180 searches were con-

ducted. Of these, 68 searches were made by E-Divi-

sion personnel and 72 were made bv personnel from

other divisions. These divisions include AP, AT,

CNC, CTR, G, H, J, P, Q, SD, and WX.

b. Laboratory-Classroom [Fox]. A training

laboratory-classroom is being established by I&T

Services. Six portable workbenches equipped with

meters, power supplies, signal generators, and os-

cilloscopes are stored and will be installed when

space becomes available. This classroom will

greatly enhance the practical technical training

efforts of 1ST Services.

c. Affirmative Action [Brown]. At the end of

FY-78, E Division had met virtually all affirmative

action goals for the year. The only goals not met

were for anticipated openings that did not occur.

After the first quarter of FY-79, E Division has

made good progress towards filling our goals for

this year. We have met about 26% of our goals for

female hiring and 23% of our goals for minority

hiring.

d. Group E-2 Technician Training [Fox, Simon].

A training program designed for E-2 fabrication

technicians was developed through the cooperative

efforts of E-2 and I&T Services. The program con-

sists of a series of minicourses to be presented on

a continuing basis. After an extensive job and task

analysis, many skills and techniques were selected

for presentation. Outline rough drafts for each

minicourse were developed. Criterion-referenced

objectives will le written and evaluation will be

based on how well these objectives are met. Further

evaluation will answer the question, "How well did

each course meet the needs of E-2 and the fabrica-

tion technicians?" Minicourses instructors will be

selected from E-2 and will be assisted by I&T Serv-

ices staff. Some instruction will be provided by

John Fox. Outside specialists will also be selected

for various training program aspects, for example,

the Certified Soldering School.

The I&T staff will provide criterion-referenced

instruction training for each of the in-house in-

structors selected. During this training period,

approximately 1 wk for each course, the final course

planning will be done. Specific training aids,

laboratory experiments, and other assignments will

also be developed for each class.

7. Courses Conducted [Simon]. I&T Services

conducted seven courses with some courses having six

individual sections. Continuing education courses

accounted for over 3000 student contact hours of

class time. Course statistics are shown in Table

VII and course descriptions follow.

TABLE VII

CONTINUING EDUCA1ION COURSE SUMMARY

Course

Certified soldering (1)

Certified soldering (2)

Mechanical soldering 1

2

3

4

5

6
Soldering recertification

Hybrid microcircuit
soldering

Theory Z

Operational amplifiers

TI-59 programmable
calculator

Totals

Contact E
Hours Re

40

40

20

20

20

20

20
20

12

16
24

16

_4

272

-DiviS'
qistr*1

7

10

0

0

3

2

5

3

10

6

23

8

_5

82

ion Non-E-CHv.
lion Registration

1

0

8

8

7
5

3
7

0

1
1

25

_g
66

Non-E
Per Cent

12.5
0

100
100

70

71

37.5
70

0

14
4

76

0

45X
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a. Certified Soldering. This course develops

advanced soldering skills and self-evaluation tech-

niques for improving manufacturing quality and re-

liability.

b. Soldering Recertification. This course

follows Certified Soldering by approximately 1 yr

and is intended to reestablish and reevaluate tech-

niques and skills that may have deteriorated.

c. Mechanical Soldering. This course is de-

signed to provide trainees with the knowledge and

skills necessary to accomplish mechanical soldering

and brazing. Instruction in solder theory, material

preparation, and heat requirements is presented.

Upon completion, students should have mastered the

techniques and are proficient in the soldering or

brazing of copper, aluminum, stainless steel, cast

iron, and mild steel.

d. Hybrid Microcircuit Soldering. This course

provides soldering training unique to hybrid micro-

circuits. Topics presented include fluxes and re-

movers, soldering to gold-plated pins, soldering

covers on packages, design of conductor pads, ap-

plication of solder paste, inspection of joints, and

solder compositions for particular conductor sys-

tems.

e. Theory Z. This course is a workshop lec-

ture dealing with the use of goals, motivation,

feedback systems, error correction, and goal revi-

sion in management systems.

f. Operational Amplifier Theory, Circuit De-

sign, and applications. This course is designed to

introduce the operational amplifier as a basic cir-

cuit element in analog systems to design engineers

and scientists not well versed in analog circuit

techniques. The theory of operational amplifiers

is discussed using both the ideal model and the

complete model. Circuit design, with applications

in active filters and signal manipulation, nonlinear

signal processing, analog switching, and ADC and DAC

conversion is considered. The methods of estimating

the effects of manufacturer's specifications on

circuit performance will also be covered.

9. TI-59 Programmable Calculator. Texas

Instruments developed th' course using videotapes

and slides with a student workbook. The pilot

groups will be proctored by two instructors. The

course explains TI-59 capabilities and presents

practice problems to help familiarize students with

the calculator, its functional grouping of keys,

basic problem solution, and various features of the

TI-59.

8. Computer-Assisted and Managed Instruction

[Fox, Simon]. PLATO was developed at the University

of Illinois; Control Data Corporation of Minnea-

polis markets the system. i&T Services will have a

PLATO terminal for 6 months, beginning in January

1979. Experiments will be conducted to evaluate

PLATO'S contribution to E-Division continuing educa-

tion needs. John Fox has completed some of the

course work necessary to design and program learning

modules for the PLATO system. He will complete fu-

ture courses on the terminal when it is operational

at LASL.

Another system to be investigated is the time-

shared interactive computer-controlled information

television (TICCIT). TICCIT was developed under a

National Science Foundation contract by the Mitre

Corporation of Boston and Washington. Courses were

developed by the Institute for Computer Uses in Edu-

cation at Brigham Young University. TICCIT is a

more specialized system than PLATO. While PLATO

uses a large powerful computer, TICCIT uses a small

local computer; PLATO is far more flexible than

TICCIT and therefore is more difficult to program.

I&T Services plans to study the TICCIT system during

the latter part of 1979.

Coordination with PER-5 [Fox, Simon]. E-Divi-

sion I&T personnel will concentrate future efforts

on E-Division training requirements. Any courses

offered by I&T Services on a LASL-wide basis gener-

ally will be electronic in nature. Group PER-5 has

assumed full responsibility for the VLC. All equip-

ment has been moved to and installed in the Trinity-

Square complex. I&T Services will continue to have

representatives on the educational committees estab-

lished by PER-5. Vickie Simon will represent us on

the Engineering and Science Committee, and John Fox

will represent us on the Technical Support Commit-

tee. Through work with these committees, we will

remain abreast of LASL electronic training needs

and new continuing education developments of inter-

est to E-Division personnel.

Group PER-5 will acquire additional space in

January 1979. The space is to be dedicated to a

laboratory-classroom for training purposes. In

anticipation of the availability of this training
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space, 1ST Services has purchased laboratory

benches, electronic equipment, and electronic

training aids to equip this facility. When the

benches and equipment are installed, we will offer

technical training with six laboratory stations.

Each laboratory station is equipped for two students

working as a team. Maximum class size will there-

fore be limited to 12 students. The first class is

planned for March 6-10, 1979.

REFERENCES

1. R. B. Hammond, T. C. McGill, J. W. Mayer, "Tem-
perature Dependence of the Electron-hole Liquid
Luminescence in Si," Phys. Rev. B 8, 3566

2. R. B. Hammond and R. N. Silver, "Onsets of the
Electron-hole Droplet .VMnescence in Si," Sub-
mitted to Phys. Rev. Lett.

3. T. Gheewala, private communications.

4. R. H. Wang, C. Y. Huang, and J. L. Smith,
"Critical Field Effects of the Gd in
G dxEn-x R h4 B4>" J- de Phys. C^6, 373 (1978).

5. W. A. Fertig, n. C. Johnson, L. E. DeLong, R.
W. McCallum, M. B. Maples, and B. T. Matthias,
"Destruction of Superconductivity at the Onset
of Long-Range Magnetic Order in the Compound
ErRh4B4," Phys. Rev. Lett. 38, 987 (1977).

6. J. A. Mydosh, Amorphous Magnetism II, R. A.
Levy and R. Hasegawa, Eds., (Plenum Press. New
York, 1977).

7. S. Kirkpatrick and D. Sherrington, "Infinite-
Ranged Models of Spin-Glasses," Phys. Rev. B
17, 4384 (1978). ~

8. David William Palmer, "Nonequilibrium Proper-
ties of Superconducting-Normal Metal Boundar-
ies," PhD thesis, Calif. Inst. of Technol.,

9. L. Young, Anodic Oxide Films (Academic Press,
London, 1961X1

10. John W. Diggle, Ed., Oxides and Oxide Films
The Anodic Behavior of Metals and Semiconduc-

tors Series, (Marcel Dekker, Inc., New York,
1972), Vol. 1.

11. H. Hasegawa, K. E. Forward, and H. Hprtnagel,
"Improved Methods of Anodic Oxidation or GaAs,"
Electron. Lett., Vol. U, No. 3, 1975.

12. J. R. Andrews, "Inexpensive Laser Diode Pulse
Generator for Optical Waveguide Studies," Rev.
Sci. Instrum. 45, 22 (1974).

13. D. K. Lynn, C. R. Derouin, and P. Lamar,
"Microprocessor-Based System for Roll-Down and
Acceleration Tests," to be published in Proc.
29th Vehicular Technol. Conf., Arlington, Il-
linois, March 28-30, 1979.

14. C. D. Ethridge, T. H. Kuckertz, and N. Nichol-
son, "Single-Component Microcomputer Network
Provides Data-Acquisition Shelf-Monitor System
for Special Nuclear Material Real-Time Inven-
tory," 1978 Nucl. Sci. Symp., Washington, DC,
October 18-20, 1978.

15. K. M. Hanson, H. N. Bradbury, T. M. Cannon, R.
L. Hutson, D. B. Laubacher, R. Macek, M. A.
Paciotti, and C. A. Taylor, "The Application
of Protons to Computed Tomography," IEEE Trans.
Nucl. Sci., N S ^ , No. 1, p. 657 (February

16. D. R. Machen, A. C. Peatfield, C. G. Ratcliffe,
"A Multi-Microprocessor Auxiliary Crate Con-
troller for Front-End Data Processing in
CAMAC," IEEE Trans. Nucl. Sci., MS-25, No. 1,
p. 711 (February 1978).

17. D. w. Werren, D. Brown, L. M. Fox, C. W. Bjork,
S. Cohen, J. E. Simmins, C. G. Cassapkis, D.
M. Wolfe, C. Pacheco, B. E. Bonner, F. D. New-
corn, H. C. Bryant, B. D. Dieterle, and 0. C.
Hiebert, "A Multiwire Proportional Chamber
Spectrometer for Nucleon-Nucleon Experiments,"
Los Alamos Scientific Laboratory report
LA-5396-MS (October 1973).

18. C. D. Ethridge, E. J. Dowdy, C. N. Henry, D.
R. Millegan, "A Microprocessor-Based Neutron
Count Moments Logic Module for Special Nuclear
Material Assay by Neutron Fluctuation Method,"
1st Symp. on Safeguards and Nucl. Material Man-
agement, Brussels, Belgium, April 25-26, 1978.

19. R. H. Callicott and P. W. Carr, "Use of Stale
Variable Active Filters as Differentiators,
Rate Meters, and End-Point Locators," Anal.
Chem. 46, 1840 (1974).

APPENDIX A

DIVISION PAPERS REPORTS, TALKS, AND MEETINGS

Papers Submitted for Meetings

R. E. Bobbett, J. B. McCormick, D. K. Lynn, and J.
Nachamkin, "Electric Vehicle Simulator," 29th Ve-
hicular Technology Conf., Arlington Heights, Illi-
nois, March 28-30, 1979.

A. L. Criscuolo, "Controlling a Fast Sol id-State
Camera with a Microcomputer," 1978 CUBE Symp,, Los
Alamos, New Mexico, October 4-6, 1978.

79



Anne Demuth, Joel Robinson, J. David Schnieder, and
William Barnett, "DAISY, A Data Acquisition and 10
Control System," 1978 CUBE "Symp.7 Los Alamos, New
Mexico, October 4-6, 1978.

Edward J. Dowdy, C. Dwayne Ethridge, Carl N. Henry,
and David R. Millegan, "A Microprocessor-Based Neu-
tron Count Moments Logic Module for Special Nuclear
Material Assay by the Neutron Fluctuation Method,"
1st Symp. on Safeguards and Nucl. Material Manage-
ment, Brussels, Belgium, April 25-26, 1979.

Donald R. Farris, "Adaptive Optimal Control for En-
ergy Conservation and Management in Solar Heated and
Cooled Buildings," 1978 ASHRAE Semiannual Mtg., Al-
buquerque, New Mexico, June 25-28, 1978.

Robert F. Ford, "On-line Accountability of Special
Nuclear Material (DYMAC)," 1978 CUBE Symp., Los
Alamos, New Mexico, October 4-6, 1978.

Jack G. Grundmann, "Dynamic Computer Simulation of
a Tritium System Test Assembly in Support of Fusion
Reactors," 1978 CUBE Symp., Los Alamos, New Mexico,
October 4-6, 1978.

Jane Hagen and R. F. Ford, "DYMAC Computer System,"
1st Symp. on Safeguards and Nucl. Material Manage-
ment, Brussels, Belgium, April 25-2C, 1979.

Robert B. Hammond and Richard N. Sil'.er, "Nucleation
of Electron-Hole Droplets in Si," Am. Phys. Soc,
Chicago, Illinois, May 19-23, 1978.

Dale M. Holm, Ronald E. Bobbett, Alfred R. Koelle,
Jerry Landt, and Richard E. Nelson, "Electronic
Identification and Temperature Monitoring-1978,"
Livestock Conservation Inst. Mtg., Des Moines, Iowa,
May 18, 1978.

S. Kohn, R. H. Wang, J. L. Smith, and C. Y. Huang,
"Magnetic Ordering of G c ^ E r ^ R h ^ Near the Super-
conducting Region," 24th Annual Conf. on Magnetism
and Magnetic Materials, Cleveland, Ohio, November
14-17, 1978.

Thomas H. Kuckertz and Dennis H. Gill, "Using a
Microcomputer System to Control Data Collection In-
strumentation of a Laser Damage Experiment," 1978
CUBE Symp., Los Alamos, New Mexico, October 4-6,
1978.

Jeremy A. Landt, "A Unified Time Domain Electromag-
netic and Circuit Analysis Code," 1978 CUBE Symp.,
Los Alamos, New Mexico, October 4-6, 1978.

P. B. Lyons, J. E. Golob, L. D. Looney, and L. Hock-
er, S. Lutz, M. A. Nelson, and R. E. Robichaud,
"Utilization of Fiber Optics in Radiation Diagnos-
tics," Fiber Optics and Communications Exposition,
Chicago, Illinois, September 6-8, 1978.

P. B. Lyons, L. D. Looney, J. Golob, R. Robichaud,
R. Seno, J. Madrid, L. Hocker, and M. Nelson, "Neu-
tron- and Gamma-Induced Transient Effects in Optical
Fibers," Plenum Press Proc. Conf. on Physics of Fi-
ber Optics.

J. B. McCormick, W. Kerwin, D. Hamilton, S. Srini-
vasan, 0. McBreen, 0. Huff, R. Bobbett, D. Lynn, and
J. Nachamkin, "Fuel-Cell-Powered Vehicles," 29th

Vehicular Technology Conf., Arlington Heights, Il-
linois, March 28-30, 1979.

J. Byron McCormick, Ronald Bobbett, David Lynn, S.
Srinivasan, J. McBreen, and James R. Huff, "Appli-
cations of Fuel Cells in Transportation," 1979 In-
tersociety Energy Conversion Engineering Conf.,
Boston, Massachusetts, August 8-10, 1979.

J. B>ron McCormick and Dale K. Wilde, "Development
of Integrated Thermionic Circuits for Geothermal
High-Temperature Applications," Society of Profes-
sional Well Log Analysts, 20th Annual Logging Symp.,
Tulsa, Oklahoma, June 3-6, 1979.

E. J. McLellan, S. C. Stotlar, J. Webb, and A. J.
Gibbs, "Pyroelectric Detectors for Suhnanosecond
CO2 Laser Pulse Measurements," Conf. on Laser
Engineering and Appl., Washington, DC, May 30-
June 1, 1979.

Charles P. Milich and Andrew J. Kozubal, "A Network
for Data Acquisition in an Experimental Laboratory,"
12th Intl. Conf. on System Sci., Honolulu, Hawaii,
January 4-5, 1979.

H. 5. Murray, S. W. Moore, J. D. Balcomb, "Nambe
Pueblo Community Building Solar System," 2nd Solar
Heating & Cooling Demonstration Program Contractors'
Review, San Diego, California, December 13-15, 1978.

Jack Nachamkin, Ronald Bobbett, Charles Derouin,
David Lynn, and Byron McCormick, "A Modularized
Simulation of Electric Car Performance, 1978 CUBE
Symp., Los Alamos, New Mexico, October 4-6, 1978.

Joel H. Robinson, "Automatic Program Generation:
Future of Software Engineering," 12th Intl. Conf.
on System Sci., Honolulu, Hawaii, January 4-5, 1979.

Joel H. Robinson, "Medium- and Mini-Computer Secur-
ity," 12th Intl. Conf. on System Sci., Honolulu,
Hawaii, January 4-5, 1979.

S. C. Stotlar. E. J. McLellan, A. J. Gibbs, and J.
Webb, "10.6 pm Damage Threshold Measu'ements on
Sub-One-Hundred-ps Pyroelectric Detectors," IEEE
Intl. Symp. on Ferroelectrics, Minneapolis, Minne-
sota, June 13-15, 1979.

S. C. Stotlar, E. J. McLellan, and A. J. Gibbs,
"Ultra-Fast Pyroelectric Detectors for CO2 Laser
Measurements," OSA Annual Mtg., San Francisco, Cal-
ifornia, October 30-November 3, 1978.

C. Thompson, "Experiences with the WNR Fast Kicker
System," 1979 Particle Accelerator Conf., San Fran-
cisco, California, March 12-14, 1979.

Frank D. Wells and David Remington, "Mirror Position
Display Equipment for the Target Chamber Mirror
Mounts of the 8-Beam Laser Fusion Research Facil-
ity," 1978 CUBE Symp., Los Alamos, New Mexico, Oc-
tober 4-6, 1978, and 1979 IEEE Region Six Conf.,
Sacramento, California, April 25-27, 1979.

Papers Submitted for Publication

Stephen C. Diamond, Bruce D. Hunn, and Thomas E.
McDonald, "DOE-1 Verification Program Plan," Los
Alamos Scientific Laboratory report.

80



M. D. Edmiston and C. R. Gruhn, "An Ultrapure Li-
quid-Argon Ionization Chamber," Rev. Sci. Instrum.

Charles R. Gruhn and WiUiam B. Maier II, "An Im-
purity Monitor for Liquid Ionization Chamber Media,"
Nucl. Instrum. Methods.

R. B. Hammond and R. N. Silver, "Onsets of the Elec-
tron-Hole Droplet Luminescence in Si," Phys. "ev.
Lett.

R. B. Hammond and R. N. Silver, "Analysis of LO and
TO Phonon-Assisted Free-Exciton Luminescence in
Silicon," Solid State Commun.

Robert A. Hoffman and William 8. Britt, "Flow-System
Instrument to Detect the Radio Frequency Impedance
Properties of Single Cells," Rev. Sci. Instrum.

Robert A. Hoffman, Gary C. Salzman, and William B.
Britt, "Comparison of Current and Voltage-Sensing
Methods for Coulter Volume Measurements," Biophys.
J.

Allen Q. Howard, Jr., "Effect of Borehole Fluid on
Induction Fields of an Encapsulated Magnetic Loop,"
Los Alamos Scientific Laboratory report.

J. A. Landt, A. R. Koelle, M. A. Trump, and J. D.
Nickell, Jr., "A Magnetic Induction Technique for
Mapping Vertical Conductive Fractures: Electronic
Design," Los Alamos Scientific Laboratory report.

J. A. Landt, "The Transient Response of Thin-Wire
Antennas and Scatterers Loaded with Circuits and
Nonlinear Elements," IEEE Trans. Antennas Propag.

R. E. Lewis and R. A. Gore, "A Study of Data Com-
munications at the Los Alamos Scientific Laboratory
1977," Los Alamos Scientific Laboratory report.

B. McCormick, J. Huff, S. Srinivasan, and R. Bob-
bett, "Application Scenario for Fuel Cells in Trans-
portation," Los Alamos Scientific Laboratory report.

Jack Nachamkin and C. J. Maggiore, "A Fourier Bessel
Transform Method for Efficiently Calculating the
Magnetic Field of Solenoids," J. Comput. Phys.

R. H. Wang, S. Kohn, J. L. Smith, and C. Y. Huang,
"Exchange Field Effects in the Reentrant Supercon-
ductor GdxEri_xRh4B4," Phys. Rev. Lett.

Accepted for Pub!ication

R. K. Ahrenkiel, D. Dunlavy, J. F. Figueira, C. R.
Phipps, S. Thomas, and A. J. Sievers, "A New 10.6-yin
Saturable Absorber: KC1 Doped with KReOij," Proc.
Intl. Conf. on Lasers - '78, Orlando Florida, De-
cember 11-15, 1978.

R. H. Augustson, N. Baron, W. Ford, J. Hagen, T. K.
Li, R. S. Marshall, V. S. Reams, W. R. Severe, D.
G. Shirk, and R. F. Ford, "A Development and Demon-
stration Program for Dynamic Nuclear Materials Con-
trol," Proc. IAEA Symp. on Nucl. Material Safe-
guards, Vienna, Austria, October 2-6, 1978.

C. Dwayne Ethridge, Thomas H. Kuckertz, and Nicholas
Nicholson, "Single-Component Microcomputer Network
Provides Data-Acquisition Shelf-Monitor System for

Special Nuclear Material Real-Time Inventory," Proc.
IEEE 1978 Nucl. Sci. Syr.p., Washington, DC, Oc-
tober 18-20, 1978.

Donald R. Farris, "Adaptive Control for Energy Con-
servation," Proc. 3rd Annual Solar Heating and Cool-
ing R&D Contractors' Mtg., Washington, DC, Septem-
ber 24-27, 1978.

Donald R. Farris and James L. Melsa, "Energy Savings
for a Solar Heated and Cooled Building Through Adap-
tive Optimal Control," Proc. 17th IEEE Conf. on De-
cision and Control, San Diego, California, January
10-12, 1979.

Donald R. Farris, Thomas E. McDonald, and James L.
Melsa, "A Brief Comparison of the Inherent Capabil-
ities of Conventional Controllers and Linear-Regu-
iator Controllers," Proc. Control of Solar Energy
Systems for Heating and Cooling Conf.," Hyannis,
Massachusetts, May 23-25, 1978.

Charles R. Gruhn and Robert Loveman, "A Review of
the Physical Properties of Liquid Ionization Chamber
Media," Proc. 1978 IEEE Nucl. Sci. Symp., Washing-
ton, DC, October 18-20, 1978.

James C. Hedstrom, Hugh S. Murray, and J. Douglas
Balcomb, "Control of a Rankine Chiller and an Ab-
sorption Chiller in the National Security and Re-
sources Study Center," Proc. Control of Solar Energy
Systems for Heating and Cooling Conf., Hyannis,
Massachusetts, May 23-25, 1978.

J. C. Hedstrom, H. S. Murray, and J. D. Balcomb,
"Solar Heating and Cooling Results for the Los Ala-
mos Study Center," Proc. Conf. on Solar Heating and
Cooling Systems Operational Results, Colorado
Springs, Colorado, November 28-December 1, 1978.

Andrew J. Kozubal and Charles P. Milich, "A Network
for Data Acquisition in ?n Experimental Laboratory,"
Proc. 12th Hawaii Intl. Conf. on System Sci., Hono-
lulu, Hawaii, January 1979.

R. P. Kruger, T. M. Cannon, A. S. Lundy, and R. A.
Morris, "Simulation and Preliminary Performance
Characteristics of a Computed Tomography Device for
Industrial Applications," Proc. SPIE Conf., San
Diego, California, August 28-31, 1978.

D. K. Lynn, J. B. McCormick, R. E. Bobbett, C. R.
Derouin, J. Nachamkin, and W. Kerwin, "Determination
of Vehicle Rolling Resistance and Aerodynamic Drag,"
Proc. 29th Vehicular Technology Conf., Arlington,
Illinois, March 28-30, 1979.

D. K. Lynn, C. Derouin, and P. Lamar, "Microproces-
sor-Based System for Roll-Down and Acceleration
Tests," Proc. IEEE 29th Vehicular Technology Conf.,
Arlington, Illinois, March 28-30, 1979.

J. C. Martin, S. R. McLaughlin, and R. D. Hiebert,
"A Real-Time Delay Monitor for Flow-System Cell
Sorters," Proc. (J. of Histochemistry and Cytochem-
istry) 6th Engineering Foundation Conf. on Automated
Cytology, Elmau, West Germany, April 23-29, 1978.

81



Thomas E. McDonald, Donald R. FarrH, and James L.
Melsa, "Energy Conservation Through Adaptive Optimal
Control for a Solar Heated and Cooled Building,"
Proc. Control of Solar Energy Systems for Heating
and Cooling Conf., Hyannis, Massachusetts, Kay
23-25. 1978.

E. J. McLellan and S. C. Stotlar, "Sub-One-Hundred-
ps Pyroelectric Detector Research and Evaluation
Program at LASL," Proc. Electro-Optic Design Conf.,
Boston, Massachusetts, September 21, 1978.

Dolores Montano, "End User Experience with a Data
Base Management System," Proc. Control Data Corpor-
ation Conf., Boston, Massachusetts, October 29-
November 2, 1978.

H. S. Murray, "Active Systems Studies at LASL,"
Proc. 3rd Annual Solar Heating 6 Cooling R&D Con-
tractors' Mtg., Washington, DC, September 1978.

H. S. Murray, J. C. Hedstrom, and 0. D. Balcomb,
"Solar Heating Results for the Narabe Cownurnty Cen-
ter," Proc. Conf. on Solar Heating and Cooling
Systems Operationa1 Results, Colorado Springs,
Colorado, November 28-December 1, 1978.

Hugh S. Murray and Michael A. Trump, "Instrumenta-
tion System for the Los Alamos National Security and
Resources Study Center," Proc. 3rd Annual Solar
Heating and Cooling R&D Contractors' Mtg. , Washing-
ton, DC, September 24-27, 1978.

M. Somasundaram, James L. Melsa, and Donald R. Har-
ris, "Optimal Control Studies of a Solar Heating
System," Proc. MIDCON 1978 Conf., Dallas, Texas,
December 12, 1978.

APPENDIX B

ABSTRACTS OF PUBLISHED PAPERS

JULY THROUGH DECEMBER 1978

J. M. Crowell, R. D. Hiebert, G. C. Salzman, B. J.
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A flow-system instrument is described in which
the light scattered by a biological cell is detected
simultaneously at 32 angles in the forward direction
as the cell passes through a focused laser beam at
10 m/sec. Cluster analysis is applied to the scat-
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An Industrial workshop on LASL Semiconductor
Radiation Detector Research and Development was held
at the Los Alamos Scientific Laboratory (LASL) in
the spring of 1977. The purpose was to initiate
communication between our detector research and de-
velopment program and industry. LASL research pro-
grams were discussed with special emphasis on de-
tector problems. Industrial needs and capabilities
in detector research and development were also pre-
sented. Questions of technology transfer were ad-
dressed. The notes presented here are meant to be
informal, as were the presentations.

C. Dwayne Ethridge and Gary M. Worth, "Scientific
Calculating System with a Number-Oriented Micro-
processor Sequenced by a Single Component Micro-
computer," IEEE Trans. Nucl. Sci. NS-25, No. 1, 506-
509 (February 1978).

A scientific calculating system for large dis-
tributed-task processing systems and for small iso-
lated intelligent data acquisition and instrumenta-
tion systems is established with a number-oriented
microprocessor sequenced by a single component mi-
crocomputer. A MOS/LSI number-oriented microproces-
sor provides the scientific calculating capability
with Reverse Polish Notation data entry. Input data
sequencing, computation processing, intermediate



result comparison, answer display and/or answer

feedback to master processors is controlled by a

single component microcomputer.

Allen Q. Howard, "Effect of Borehole Fluid on

Induction Fields of an Encapsulated Magnetic Loop,"

Los Alamos Scientific Laboratory report LA-7516-MS

(December 1978).

The modification of the induction fields of a

magnetic dipole created by truncated cylinders of

borehole fluid is treated. An expression is derived

for the coefficients of the Fourier-Bessel series,

which describes the scattered fields in a cylindri-

cal capsule. This capsule contains the source and

observation dipole loops. The results are important

in interpretation of induction logs where the rton-

isotropic effects of the borehole must be under-

stood. A fundamental difference between this work

and others on the general subject is that here the

excitation loop is oriented vertically to excite

eddy currents in vertical structures.

J. ft. Landt, "A Magnetic Induction Technique for

Mapping Vertical Conductive Fractures: Theory of

Operation," Los Alamos Scientific Laboratory report

LA-7333-MS (July 1978).

Utilization of a hot dry rock geothermal re-

source requires circulation of a fluid (water)

through fractures in the rock. The Los Alamos Sci-

entific Laboratory is presently investigating the

feasibility and economics of tapping this energy

resource. Presently, the fractures in the rock are

created by conventional hydraulic fracturing tech-

niques. Accurate determination of the geometry of

the fracture system is required so that boreholes

may be drilled to complete the circulation system.

This report presents the theory of a technique de-

signed to map vertical conductive fractures located

in resistive rock. The technique is based on mag-

netic induction. Fracture thickness and strike can

be determined from measurements made in a single

borehold.

W. Ogle, P. Goldstone, C. Gruhn, and C. Maggiore,

"lonization Energy Loss of Relativistic Electrons

in Thin Silicon Detectors, Phys. Rev. Lett. 40, 19,

pp 1242-1244, May 8, 1978.

We have measured the ionization loss of elec-

trons with Lorentz factors > - 2.91 and 1.6 x

10" '10 pass-Ing through a (100.71 • 0.15)-i,m

silicon detector. Our results are in agreement with

accepted theory for . = 2.91 and •. = 1.6 10";
however, for , >3 x 10 our results ere syste-

matically (7 ' 2)?! below the theoretical value. We

suggest an explanation in terms of the finite detec-

tor thickness and a relativistic effect.

6. C. Salzman, R. D. Hiebert, and J. M. Crowell,

"Data Acquisition and Display for a High-Speed Cell

Sorter," Comput. Biomed. Res. JJ, 77 (1978).

Data acquisition and control hardware and dis-

play and processing software are presented for a

biological cell sorter in which the four parameters

of information about each cell are stored event by

event on a computer disk.

R. H. Wang, R. J. Laskowski, C. Y. Huang, J. L.

Smith, and C. W. Chu, "Magnetic and Superconducting

Transitions in G d ^ r ^ R h ^ and G d ^ ^ R h ^ , " J.

Appl. Phys. 49, No. 3, 1392-1394 (March 1978).

The magnetic and superconducting transition

temperatures and upper critical fields have been

measured for G d ^ r ^ R h ^ and G d ^ ^ R h ^ . The

The pressure dependence of T for the Er system

for X < 0 . 0 5 is 0.5 x 10"2 K/kbar. Both systems

exhibit reentrant behavior, that is a superconduct-

ing transition followed by a magnetic transition at

a lower temperature that destroys the superconduc-

tivity. For the Er system, the initial additions

of Gd actually raise the superconducting critical

field followed by the expected decrease for greater-

additions.
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