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ABSTRACT

For measurements of nuclear pulse height spectra a linear filter

is used between the pulse amplifier and the pulse height recorder so as

to improve the signal/noise ratio. The problem of finding the optimal

filter is investigated with emphasis on technical realizability. The max-

imum available signal/noise ratio is theoretically calculated on the ba-

sis of all the information which can be found in the output of the pulse

amplifier, and on an assumed a priori knowledge of the pulse time of

arrival. It is then shown that the maximum available signal/noise ra-

tio can be obtained with practical measurements without any a priori

knowledge of pulse time of arrival, and a general description of the

optimal linear filter is given. The solution is unique, technically realiz-

able, and based solely on data (noise power spectrum and pulse shape)

which can be measured at the output terminals of the pulse amplifier

used.
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INTRODUCTION

Measurements of nuclear pulse height spectra are generally-

carried out by using a linear pulse detector followed by a linear am-

plifier, a linear filter and a pulse height analyzer. The problem of find-

ing the linear filter which secures the least variance of the measured

pulse height is the subject of the present paper. This theme has been of

interest since the first pulse amplifier was put into operation, and it'

appears that the investigations have gone along two distinct lines, a pure-

ly theoretical one and a more practical one, which have only few inter-

connections.

The theoretical line consists of investigations of the properties

(transfer function of impulsive response) of optimum filters without pay-

ing too much attention to the technical realizability. The main exponent

of this line is Wiener [l ], who claims that his theoretical solution is

technically realizable, although there have been no reports (to the best

of our knowledge) on filters which both exhibit "Wiener properties" and

work better than filters constructed according to common practice, de-

spite the fact that Wiener1 s theory [1 ] has been known for twenty years.

Due to the difficulties in utilizing Wiener' s theories in practice

for nuclear pulse work technical filters have been designed following a

different theoretical basis. Experience has shown that a succession of

integrating and differentiating networks does a good job, and optimiza-

tions have been carried out by assuming a fixed number of such networks

and optimizing the performance by varying each of its time constants.

This method has lead to excellent practical results but it is annoying in

the respect that it leaves one with the feeling that there might exist

other types of technically realizable filters which do a better job.

One difficulty in finding more generally optimized filters lies

in properly defining when and how to measure; another is in introducing

the condition that the filter must be technically realizable. Here these

difficulties are partly overcome by calculating the maximum signal/

noise ratio which c an be obtained by utilizing all information available at

the output terminals of the pulse amplifier, and then finding filters which

in practice give this maximum signal/noise ratio when a commonly used

method of measurement is applied. This procedure resulted in a family

of technically realizable filters which, when connected to a linear am-
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plifier and nuclear detector with given measurable properties, gave

the maximum available signal/noise ratio.

1 . METHODS AND DEFINITIONS

We will start with a consideration of the output current (voltage)

from a linear pulse amplifier which has a linear nuclear pulse detec-

tor connected to its input. As an example one could think of a solid

state detector plus electronic amplifier.

The output current consists of the sum of two parts, the pulse

current and the noise current, and it is assumed that the pulse shape

is known. Therefore, the pulse current i can be written

ip(t) =pg(t - tQ) (1.1)

where p will be referred to as the pulse height, g(t - t ) is a known

function of time, and t will be referred to as the time of pulse ar-

rival.

It is further assumed that the pulses are of finite duration;

more precisely that g(t - t ) assumes significant values for some

values of t when Tx < t - t < T2 and is equal to zero outside this

interval.

The amplifier output current i (t) is written

io(t) =pg(t -tQ) + iN(t) (1.2)

where i^t) is a noise current which cannot be predicted in detail,

but with some measurable (or calculable) qualities such as an auto-

correlation function or frequency power spectrum.

The task is to calculate p with least variance from a know-

ledge of i (t) and some measurable properties of i (t). In order to

do so we assume that we have a large number of oscillograms of i (t)

for different time intervals. Each oscillogram contains one pulse with

the amplitude p.

The time difference between the start of oscillogram r at T

and recorded time is denoted T, so that the recorded i (t) on oscillo-

gram r can be written as
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i (t) = i (T + T J = pg(T + T ) + iM (T + T ) . (1.3)ii o

With the assumption that T - t is equal for all oscillograms, T

being known, it is a trivial matter to go from one time origin to

another and we will simply write

io(T) = pg(T) + iN(r) . (1.4)

The oscillograms are recorded in a certain time interval 0

through T and the significative values of g(T) occur for 0 < T 1 < T < T 2 < T

Further it is assumed that

and

where the mean is supposed to be taken over all samples.

The conditions (l . 5) and (l . 6) can always be granted if the

noise has an autocorrelation function of finite length (no dc component),

so they do not present any noticeable reduction in the generality of

this investigation.

The interval 0 through T is divided in M subintervals AT with

MAT = T (1.7)

and the vectors

{io} = [io(0) , io(AT) , io(2AT) , . . . io(T) } (1.8)

U } = Cg(O) , g(AT) , g(2AT) . . . g(T) } (1.9)

{iN}= (iN(0) , iN(AT) , iN(2AT) . . . iN(T) } (1.10)

are introduced, {i } and {i-ĵ } are characteristic for the actual sample

whereas {g} is independent of the sample.

We shall also introduce a noise correlation matrix by defining
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I =1 = L T ( P A T ) UT(qAT)
pq qp N x r ' N v u '

( 1 . 11 )

where the mean is taken over all samples;

The correlation matrix {i} is then given by

{1} =

loo

l i c

IB o

l o 3.

I n

los • * • . I0M

MO MM

( 1 . 12 )

2. MAXIMUM AVAILABLE SIGNAL/NOISE RATIO

From one of the oscillograms described previously p can be

determined from each point with known T. For each integer m,

0 < m < M, p is defined by

i (mAf) pg(mAT) + i (mAi")
Nv

(2.1)

thus p is not equal to p, as it has an (unknown) error given by

i,imAT)/g(miT). We will include infinite errors (which occur for

= 0 ) and thus (2.1) represents M + 1 determinations of p and

the best value p (defined as the value having the least variance) is

known [2] to be a weighted mean of allp
m

The weights are zero for all values of m making g(mAT) equal
to zero, so we can put the weight number m equal to h g(mAT) and

determine h so as to make the variance of p a minimum,m co
By defining

= (h . \ , \ , • (2.2)

we get for p
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Shmg(mAT)p i n
Po = S li g(mAT) (2.3)

which by means of (2. 1), (2. 2), (l . 9) and (1.10) can be wri t ten

{h} { i N } *
P o = P + {h} {g}* <2-4>o = P + {h} {g}*

The var iance e2 thus is

U N } * V _ {h} (I)

J
- ( { h 3 U N } V _
~ V (hj [ g j* J ~

using (1.12).

Now {h} shall be determined so as to make e2 minimum, thus
e2 is differentiated with respect to {h} which gives the minimum condi-
tion.

[g}* ) {h} {1} - ( {h} {1} {h}* ) {g} = 0 , (2.6)

and because {h} {g}* must be non zero a quantity q can be defined by

Chi» (2 7)
H " ih] Igj*

By means of q, (2. 6) is then written as

{h}{l}=q{g} (2.8)

If {i} exists (2.8) can be solved for {h} and we get

{h} =q {g} {I}"1 (2.9)

This solution is valid for any value of q because both p and
e2 are independent of the scale factor q. By inserting (2. 9) in (2.5) the
minimum variance becomes

T 1 (2.10)
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In the calculations described information from only a limited

number (M) of points is utilized. To utilize all information available we

must let AT-+0 and M-»°° keeping MAT constant so (2. 10) properly should

be written

e2 = lim ({g} {I}"1 {g}*)"1 , (2 .10
AT->0

and the available signal/noise ratio is p /e .

A description of a linear filter with the signal/noise ratio p/e

can be based on (2. 9) if a meaningful description of

{h} = lim {g} {I}"1 (2.12)
AT-0

can be found.

In order to do so we assume that a linear filter with the complex,

minimum phase transfer function v (oi) is connected to the output t e r -

minals of the amplifier. The information available at the output of the

(intrinsically noise free) filter is unchanged because the original out-

put current can be regained by using an additional filter with the t rans-

fer function v(cu) [3 ] .

Let v(ou) be the minimum phase transfer function determined

from the noise power frequency spectrum N(ou2) by means of

vv* = N(oo3) K"1 (2.13)

where K is a constant making V(CD) dimensionless.

The output current from the filter v contains exactly the

same available information as the original one. Therefore the mini-

mum variance e2 can be found by means of (2. 1 1) if the filter output

currents are used instead of the currents from the original amplifier.

After filter v the noise power spectrum N (u)2) is

N = (vv*)"1 N = K . (2.14)
v

The noise is white with the mean square amplitude K per frequency

unit. The mean square amplitude in an interval AT is , according to

2Ref. [4], equal to ^K(AT) , so for the autocorrelation matrix we can

write
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1 (E] , (2.15)

{E} being the unit matrix [ (M + 1) • (M + l) ] , or

{ i } " 1 = 2 AT K"1 {E} . (2.16)

The pulse output current from the filter v is denoted by

g (T), and by means of (2. 9) we get for {h]

{h} = 2 qAT K~ {g} . (2.17)

This is valid for any q and hence also for q = q yr— , so that

(2.18)
v \J v

The m i n i m u m v a r i a n c e e 2 i s found f r o m (2 .11 )

r i M
 N i

e2 = lim ( ^ 2 A T K ~ ' S CgJmÄT) ] 2 J
AT-*0 m=0

T
v

and p is found from (2. 4)

T
v

fh} f i }* J* gv (T) W ^ dT

(2.20)
AT-0 J V [gv(T) ]2dT'v

o

where the subscript v denotes that the output from the filter V is

considered.

If the filter v is followed by a filter having the impulsive

T
response g (T - T ) / J [g (T) ]2 dT , the output current i(t) from this

o

filter becomes
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1

d T ) ~ f io v(T)gv( t - ( T V - T ) )dT (2.21)

This current for t = T is equal to p (see (2.20) ) because g (T) was

assumed to be zero for T < 0 and for T > T .
v

So far we might draw the conclusion that the very best filter

for pulse height measurement is made by first using a filter which

transforms the amplifier noise into white noise, and then adding a

filter having an impulsive response which is equal to the output pulse

from the first filter, only reversed in time.

This conclusion also can be drawn from Wieners1 s work [1 ]

and a similar conclusion is drawn by Bode and Shannon [3], but ap-

parently no attempts to utilize the conclusion in practice have been suc-

cessful, and only very few reports on this theme could be found in the

literature (unsuccessful experiments are seldom reported). The reasons

for the practical failure of such filters are mainly two: first, a filter

according to the description above is in general a non minimum phase

filter which in its practical appearance is so dependent on the accuracy

of its components that slight deviations from their theoretically correct

values cause large excess noise power output, and second, the use of

such filters demands an a priori knowledge - not accessible from the

amplifier output data - of the pulse time of arrival. However, the theory

presents a way of calculating the maximum available signal/noise ratio

from measurable data and assumed known pulse time and this signal/

noise ratio is evidently an upper limit for the signal/noise ratio obtain-

able by means of practical measurements. As shown in the following

chapter this upper limit can be closely approached in practice.

3. MEASURABLE SIGNAL/NOISE RATIO

Let us consider the signal/noise ratio of an experiment for

measuring gamma-spectra by means of a Ge(Li) solid state detector

plus pulse amplifier, linear filter, and multi channel analyzer. This

experiment is shown schematically in Fig. 1 , and was in fact the start-

ing point for the present investigation. The original linear filter was an

RC-CR circuit optimized according to the theory presented in [5], and

the physical conditions were well in accordance with this theory. The
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detector was known to be able to resolve gamma-lines with a width

(at half height) of approximately 3 keV in connection with a better

amplifier than the present one, which gave a resolution of 15 keV. Thus

the initial detector pulses could be considered as noise free and, still

according to [5], it should be possible to increase the signal/noise

ratio be a factor 2 ' if the optimum RC-CR filter was replaced by the

optimum RC-delay line filter. However, all attempts to obtain a larger

signal /noise ratio than that obtained with the RC-CR filter failed. Direct

measurements of the noise power revealed that the signal/noise ratio

obtained from measurement of the gamma-line width obtained by means

of the RC-CR filter was nearly twice (l .8) as large as the maximum

signal amplitude divided by the root of the mean square noise amplitude.

When the optimum RC-delay line filter was used the factor correspond-

ing to 1 . 8 was 1 . 3. The signal/noise ratios measured with the two filters

were identical within 2 %, with the RC-CR filter perhaps slightly better

than the RC-delay line case.

On basis of the directly measured noise power frequency spectrum

and the pulse shape the maximum available signal/noise ratio was cal-

culated according to chapter II and it turned out to be equal to the signal/

noise ratio determined from the width of the gamma-line when the RC-CR

filter was used (within the error of the measurement, appr. 3 %). This

result might seem surprising, but, in fact, it was expected because it

had been shown already that the variance of the measured signal was

considerably smaller (1.8 =3.2 times) than the mean square noise am-

plitude. Thus it was demonstrated that the maximum available signal/

noise ratio - under certain circumstances - could be obtained in practice

and, surprisingly enough, without any a priori knowledge of the time of

pulse arrival.

It would be unreasonable to expect to measure a larger signal/

noise ratio than the maximum available one, even with the optimum

RC-delay line filter, and the physical explanation that it is not better

than the RC-CR filter is that the pulse shape plays an important role;

certainly the pulse voltage in the RC-dealy line case is larger than in

the RC-CR case, but it dwells a shorter time around its maximum

value. For a further investigation of the influence of the pulse shape on

the signal/noise ratio a capacitance was connected in parallel to the
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detector. Theoretically [5] this procedure should result in a larger

time constant for the optimum filters. Practical measurements also

showed this tendency, but to a much smaller degree than could be ex-

pected, and further, the measured signal/noise ratio became smaller

than the maximum available one calculated On the basis of the directly

measured noise power frequency spectrum a.nd pulse shape. However,

if the storage capacitance C (Fig. l) was increased it could be adjust-

ed such that the maximum available signal/noise ratio was indeed meas-

ured when the RC-CR time constant was adjusted to its optimum value

according to [5], It was found empirically that C for optimum perform-

ance should have a value such that Av, the difference between the mean

of the actual pulse maxima and the mean steady state voltage of C, was

approximately the root of the mean square noise amplitude. This is il-

lustrated in Fig. 2. In practice it might be inconvenient or impossible

to adjust the pulse height analyzer in the desired way, however, a

simple circuit which is described in the appendix can be used instead.

These results encouraged an attempt to try to find a description

of the optimum linear filter in a general formulation from the pulse

shape and the noise power frequency spectrum. A stringent mathemat-

ical investigation turned out not to be possible, mainly because precise

rules for the practical measurement of the pulses could not be found.

Attempts to do so indicated, however, that the complex transfer func-

tion K(CJU) of the optimal filter could be found as the minimum phase solu-

tion to the equation

KK* = Y Y * (vv*)~2 (3.1)

where Y(U>) is the Fourier transform of the pulse shape g(i-) and

v(u>)v*(u>) is the power frequency spectrum of the amplifier output volt-

age (including pulses).

This equation is consistent with the empirical results briefly

mentioned above. For that particular case K simply becomes the trans-

fer function of the optimum RC -CR filter when the pulse rate is low.

The Fourier transform "Y (uj) of the filter output pulse becomes
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and thus by means of (3.1)

From (3. 3) it appears that when the pulse rate is high, so that the

pulse power frequency spectrum dominates and vv*-*bYY*> k being u

constant independent of uu, then Yrp"*̂  which means that the filter

output approach Dirac delta pulses. Thus pile-up errors are also min-

imized as long as the optimum value of C can actually be obtained; the

pulse height analyzer must be so fast that it does not represent a limita-

tion in the resolution.

The validity of (3. l) was empirically verified for different

pulse shapes and noise power frequency spectra, obtained by using dif-

ferent resistors in series with the detector (Fig. 1). Also a coaxial

cable between the detector and the pulse amplifier as well as a low noise

amplifier was tried with positive results so that it was concluded that

(3. 1) for practical purposes is valid within a large range of both y and

vv*. An example is shown in the appendix.

The content of this chapter can be summarized in three points:

A. The linear filter which gives maximum signal/noise ratio is a func-

tion both of the output voltage of the pulse amplifier (pulse shape, power

frequency spectrum) and of the performance of the pulse height analyzer

used.

B. If both the filter and the performance of the pulse height analyzer

is optimized the maximum available signal/noise ratio can be obtained

without an a priori knowledge of the time of arrival of the pulses.

C. The optimal linear filter (with optimized pulse height analyzer) can

be described by its amplitude transfer function | K | = \y \ |vj and min-

imum phase conditions.
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APPENDIX

As an example the commonly used cascode amplifier [5] is

considered. For the firgt approximation the noise power spectrum is

assumed to be

vgrid current noises
•V"

£ b2 (4.1)

a2 and b2 being constants depending on the input tube. (According to

[5] a2 = 2el * g2 (£c)~ and b2 = 2el F2 , where e is the electron
a m 3,

charge, I the grid current, g the mutual conductance, Sc the sum

of capacitances including detector capacitance connected to the grid, I

the anode current, and F3 the space charge smoothing factor.)

Making the definition

b a"1 = T (4.2)
o

N(u)2) can be factorized,

( j ) (1 -jO)T )
N(u)8) = - 2 - • b2 (4. 3)

( ) 2

and

1 +JU)T

- ( 4 - 4 )

In the first approximation the pulse can be described as having

infinitely short rise time and infinite length* , hence

I'm; ( 4-5»
»2

and the optimum filter transfer function K = v y is

K =

-;;- It is not strictly correct to assume infinite pulse length, but in this
particular case the assumption happens to be acceptable because v
has a pole for u) = 0.
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This results in the commonly used integration and differentiation circuit

with equal time constants (= T , see ref. [5]}.

The considerations above are valid for very low pulse rates only.

For higher pulse rates the influence from other pulses on one single

measurement becomes significant and (4. l) is not a good approximation

to the noise power spectrum which is in this case better described by

N(u)3) = ̂  + b2 + kYY* , (4.7)

k being a function of the pulse rate (and the pulse height spectrum). With

noise power spectrum given by (4.7) the optimum filter characteristics

(4. 6) are the same as before except for a reduction of T

(To
1 = b (a8 + k2 TQ"2)"* ).

o
With increasing k (increasing pulse rate), T becomes compa-

rable to T , the rise time of the pulse, and hence (4.5) is not a good

approximation to the pulse shape. The pulse shape is then better described

by

g(-r) = p(l - exp(-T/Tr) ) , (4.8)

with

Y =ju,Tr(l +ju>Tr) ' ( 4 ' 9 )

which gives rise to a further integration (time constant T ) in the op-

timum filter.

To measure the maximum available signal/noise ratio the pulse

height analyzer must record a proper mean of the pulse amplitudes in

the vicinity of the pulse maximum. This can easily be accomplished by

inserting the circuit shown in Fig. 3 with the capacitance adjusted for

optimum performance. During the rise and the decay of the pulse the

diode resistance is small whereas it is large when the pulse is near

its maximum value. Thus a new maximum is formed which is a mean

of the original pulse amplitudes in the neighbourhood of the maximum.

To utilize the diode characteristic properly the gain of the preceding

stages should be so large that the effective noise voltage is a tenth of

a volt or more.

By means of the filter with the transfer function K(UJ) and the cir-

cuit shown in Fig. 3 the maximum available signal/noise ratio can be

obtained within a few per cent.



Gamma
source

\

Detector

-M-
PHA Storage :

Capacitance

Reset

Fig. 1 . Principle of pulse height measurement and of

PHA = pulse height analyzer.

Volts

1
r , Voltage

^ ö r across c

Pulse voltage

Time

Fig. 2. The voltage across C for two different values of

R, R = 0 and R > 0.



- 6v

+ 6 v

Fig. 3. The circuit between the buffer and the PHA is used

to optimize the performance of the pulse height

analyzer. Germanium diodes and silicon transistors

have been used.





LIST OF PUBLISHED AE-REPORTS

1—157. (See the back cover earlier reports.)

158. A study of the angular distributions of neutrons from the Be' (p,n) B'
reaction at low proton energies. By. B. Antolkovic', B. Holmqvist and
T. Wiedl ing. 1964. 19 p. Sw. cr. 8:—.

159. A simple apparatus for fast ion exchange separations. By K. Samsahl.
1944. 15 p. Sw. cr. 8:—.

160. Measurements of the FeH (n, p) M n H reaction cross section in the neutron
energy range 2.3—3.8 Mev. By A. Lauber and S. Malmskog. 1964. 13 p.
Sw. cr. 8:—.

161. Comparisons of measured and calculated neutron fluxes in laminated
iron and heavy water. By. E. Aalto. 1964. 15. p. Sw. cr. 8:—.

162. A needle-type p-i-n junction semiconductor detector for in-vivo measure-
ment of beta tracer activity. By A. Lauber and B. Rosencrantz. 1964. 12 p.
Sw. cr. 8:—.

163. Flame specfro photometric determination of strontium in water and
biological material. By G. Jönsson. 1964. 12 p. Sw. cr. 8:—.

164. The solution of a velocity-dependent slowing-down problem using case's
eigenfunction expansion. By A. Claesson. 1964. 16 p. Sw. cr. 8:—.

165. Measurements of the effects of spacers on the burnout conditions for
flow of boiling water in a vertical annulus and a vertical 7-rod cluster.
By K. M. Becker and G. Hemberg. 1964. 15 p. Sw. cr. 8:—.

166. The transmission of thermal and fast neutrons in air f i l led annular ducts
through slabs of iron and heavy water. By J. Nilsson and R. Sandlin.
1964. 33 p. Sw. cr. 8:—.

167. The radio-thermoluminescense of CaSCV Sm and its use in dosimelry.
By B. Björngard. 1964. 31 p. Sw. cr. 8:—.

168. A fast radiochemical method for the determination of some essential
trace elements in biology and medicine. By K. Samsahl. 1964. 12 p. Sw.
cr. 8:—.

169. Concentration of 17 elements in subcellular fractions of beef heart tissue
determined by neutron activation analysis. By P. O. Wester. 1964. 29 p.
Sw. cr. 8:—.

170. Formation of nitrogen-13, fluorine-17, and fluorine-18 in reactor-irradiated
H2O and D2O and applications to activation analysis and fast neutron
flux monitoring. By L. Hammar and S. Forsen. 1964. 25 p. Sw. cr. 8:—.

171. Measurements on background and fall-out radioactivity in samples from
the Baltic bay of Tvären, 1957—1963. By P. O. Agnedal. 1965. 48 p. Sw.
cr. 8:—.

172. Recoil reactions in neutron-activation analysis. By D. Brune. 1965. 24 p.
Sw. cr. 8:—.

173. A parametric study of a constant-Mach-number MHD generator with
nuclear ionization. By J. Braun. 1965. 23 p. Sw. cr. 8:—.

174. Improvements in applied gamma-ray spectrometry with germanium semi-
conductor detector. By D. Brune, J. Dubois and S. Hellström. 1965. 17 p.
Sw. cr. 8:—.

175. Analysis of linear MHD power generators. By E. A. Witalis. 1965. 37 p.
Sw. cr. 8:—.

176. Effect of buoyancy on forced convection heat transfer in vertical chann-
els — a literature survey. By A. Bhattacharyya. 1965. 27 p. Sw. cr. 8:—.

177. Burnout data for flow of boiling water in vertical round ducts, annuli
and rod clusters. By K. M. Becker, G. Hernborg, M. Bode and O. Erik-
son. 1965. 109 p. Sw. cr. 8:—.

178. An analytical and experimental study of burnout conditions in vertical
round ducts. By K. M. Becker. 1965. 161 p. Sw. cr. 8:—.

179. Hindered El transitions in Eu«s and Tb1". By S. G. Malmskog. 1965. 19 p.
Sw. cr. 8:—. v

180. Photomultiplier tubes for low level Cerenkov detectors. By O. Strinde-
hag. 1965. 25 p. Sw. cr. 8:—.

181. Studies of the fission integrals of U235 and Pu239 with cadmium and
boron filters. By E. Hellstrand. 1965. 32 p. Sw. cr. 8:—.

182. The handling of liquid waste at the research station of Studsvik,Sweden.
By S. Lindhe and P. Linder. 1965. 18 p. Sw. cr. 8:—.

183. Mechanical and instrumental experiences from the erection, commis-
sioning and operation of a small pilot plant for development work on
aqueous reprocessing of nuclear fuels. By K. Jönsson. 1965. 21 p. Sw.
er. 8:—.

184. Energy dependent removal cross-sections in fast neutron shielding
theory. By H. Grönroos. 1965. 75 p. Sw. cr. 8:—.

185. A new method for predicting the penetration and slowing-down of
neutrons in reactor shields. By L. Hiärne and M. Leimdörfer. 1965. 21 p.
Sw. cr. 8:—.

186. An electron microscope study of the thermal neutron induced loss in
high temperature tensile ductility of Nb stabilized austenitic steels.
By R. B. Roy. 1965. 15 p. Sw. cr. 8:—.

187. The non-destructive determination of burn-up means of the Pr-144 2.18
MeV gamma activity. By R. S. Forsyth and W. H. Blackadder. 1965.
22 p. Sw. cr. 8:—.

188. Trace elements in human myocardial infarction determined by neutron
activation analysis. By P. O. Wester. 1965. 34 p. Sw. cr. 8:—.

189. An electromagnet for precession of the polarization of fast-neutrons.
By O. Aspelund, J. Björkman and G. Trumpy. 1965. 28 p. Sw. cr. 8:—.

190. On the use of importance sampling in particle transport problems. By
B. Eriksson. 1965. 27 p. Sw. cr. 8:—.

191. Trace elements in the conductive tissue of beef heart determined by
neutron activation analysis. By P. O. Wester. 1965. 19 p. Sw. cr. 8:—.

192. Radiolysis of aqueous benzene solutions in the presence of inorganic
oxides. By H. Christensen. 12 p. 1965. Sw. cr. 8:—.

193. Radiolysis of aqueous benzene solutions at higher temperatures. By
H. Christensen. 1965. 14 p. Sw. cr. 8:—.

194. Theoretical work for the fast zero-power reactor FR-0. By H. Häqqblom.
1965. 46 p. Sw. cr. 8 : - .

195. Experimental studies on assemblies 1 and 2 of the fast reactor FRO.
Part 1. By T. L. Andersson, E. Hellstrand, S-O. Londen and L. I. Tirén.
1965. 45 p. Sw. cr. 8:—.

196. Measured and predicted variations in fast neutron spectrum when pene-
trating laminated Fe-D2O. By E. Aalto, R. Sandlin and R. Fräki. 1965.
20 p. Sw. cr. 8:—.

197. Measured and predicted variations in fast neutron spectrum in massive
shields of water and concrete. By E. Aalto, R. Fräki and R. Sandlin. 1965.
27 p. Sw. cr. 8:—.

198. Measured and predicted neutron fluxes in, and leakage through, a con-
figuration of perforated Fe plates in D2O. By E. Aalto. 1965. 23 p. Sw.
cr. 8:—.

199. Mixed convection heat transfer on the outside of a vertical cylinder.
By A. Bhattacharyya. 1965. 42 p. Sw. cr. 8:—.

200. An experimental study of natural circulation in a loop with parallel
flow test sections. By R. P. Mathisen and O. Eklind. 1965. 47 p. Sw.
cr. 8:—.

201. Heat transfer analogies. By A. Bhattacharyya. 1965. 55 p. Sw. cr. 8:—.
202. A study of the "384" KeV complex gamma emission from plutonium-239.

By R. S. Forsyth and N. Ronqvist. 1965. 14 p. Sw. cr. 8:—.
203. A scintillometer assembly for geological survey. By E. Dissing and O.

Landström. 1965. 16 p. Sw. cr. 8:—.
2C4. Neutron-activation analysis of natural water applied to hydrogeology.

By O. Landström and C. G. Wenner. 1965. 28 p. Sw. cr. 8:—.
205. Systematics of absolute gamma ray transition probabilities in deformed

odd-A nuclei. By S. G. Malmskog. 1965. 60 p. Sw. cr. 8:—.
206. Radiation induced removal of stacking faults in quenched aluminium.

By U. Bergenlid. 1965. I I p. Sw. cr. 8:—.
207. Experimental studies on assemblies 1 and 2 of the fast reactor FRO.

Part 2. By E. Hellstrand T. L. Andersson, B. Brunfelter, J. Kockum, S-O.
Londen and L. I. Tirén. 1965. 50 p. Sw. cr. 8:—.

208. Measurement of the neutron slowing-down time distribution at 1.46 eV
and its space dependence in water. By E. Möller. 1965. 29. p.Sw.cr.8:—.

209. Incompressible steady flow with tensor conductivity leaving a transverse
magnetic f ield. By E. A. Witalis. 1965. 17 p. Sw. cr. 8:—.

210. Methods for the determination of currents and fields in steady two-
dimensional MHD flow with tensor conductivity. By E. A. Witalis. 1965.
13 p. Sw. cr. 8:—.

211. Report on the personnel dosimetry at AB Atomenergi during 1964. By
K. A. Edvardsson. 1966. 15 p. Sw. cr. 8:—.

212. Central reactivity measurements on assemblies 1 and 3 of the fast
reactor FRO. By S-O. Londen. 1966. 58 p. Sw. cr. 8:—.

213. Low temperature irradiation applied to neutron activation analysis of
mercury in human whole blood. By D. Brune. 1966. 7 p. Sw. cr. 8:—.

214. Characteristics of linear MHD generators with one or a few loads. By
E. A. Witalis. 1566. 16 p. Sw. cr. 8:—.

215. An automated anion-exchange method for the selective sorption of five
groups of trace elements in neutron-irradiated biological material.
By K. Samsahl. 1966. 14 p. Sw. cr. 8:—.

216. Measurement of the time dependence of neutron slowing-down and
thermalization in heavy water. By E. Möller. 1966. 34 p. Sw. cr. 8:—.

217. Electrodeposition of actinide and lanthanide elements. By N-E. Barring.
1966. 21 p. Sw. cr. 8:—.

218. Measurement of the electrical conductivity of He3 plasma induced by
neutron irradiation. By J. Braun and K. Nygaard. 1966. 37 p. Sw. cr. 8:—.

219. Phytoplankton from Lake Magelungen, Central Sweden 1960—1963. By T.
Wil lén. 1966. i4 p. Sw. cr. 8:—.

220. Measured and predicted neutron flux distributions in a material sur-
rounding av cylindrical duct. By J. Nilsson and R. Sandlin. 1966. 37 p.
Sw. cr. 8:—.

221. Swedish work on brittle-fracture problems in nuclear reactor pressure
vessels. By M. Grounes. 1966. 34 p. Sw. cr. 8:—.

222. Total cross-sections of U, UO2 and ThO2 for thermal and subthermal
neutrons. By S. F. Beshai. 1966. 14 p. Sw. cr. 8:—.

223. Neutron scattering in hydrogenous moderators, studied by the time
dependent reaction rate method. By L. G. Larsson, E. Möller and S. N.
Purohit. 1966. 26 p. Sw. cr. 8:—.

224. Calcium and strontium in Swedish waters and fish, and accumulation of
strontium-90. Bv P-O. Agnedal. 1966. 34 p. Sw. cr. 8:—.

225. The radioactive waste management at Studsvik. By R. Hedlund and A.
Lindskog. 1966. 14 p. Sw. cr. 8:—.

226. Theoretical time dependent thermal neutron spectra and reaction rates
in H2O and D2O. By S. N. Purohit. 1966. 62 p. Sw. cr. 8:—.

227. Integral transport theory in one-dimensional geometries. By I. Carlyik.
1966. 65 p. Sw. cr. 8:—.

228. Integral parameters of the generalized frequency spectra of modera-
tors. By S. N. Purohit. 1966. 27 p. Sw. cr. 8:—.

229. Reaction rate distributions and ratios in FRO assemblies 1, 2 and 3. By
T. L. Andersson. 1966. 50 p. Sw. cr. 8:—.

230. Different activation techniques for the study of epithermal spectra, app-
lied to heavy water lattices of varying fuel-to-moderator ratio. By E. K.
Sokolowski. 1966. 34 p. Sw. cr. 8:—.

231. Calibration of the failed-fuel-element detection systems in the Ågesta
reactor. By O. Strindehag. 1966. 52 p. Sw. cr. 8:—.

232. Progress report 1965. Nuclear chemistry. Ed. by G. Carleson. 1966. 26 p.
Sw. cr. 8:—.

233. A Summary Report on Assembly 3 of FRO. By T. L. Andersson, B. Brun-
felter, P. F. Cecchi, E. Hellstrand, J. Kockum, S-O. Londen and L. I.
Tirén. 1966. 34 p. Sw. cr. 8:—.
Recipient capacity of Tvären, a Baltic Bay. By P.-O. Agnedal and
S. O. W. Bergström. 21 p. Sw. cr. 8:—
Optimal linear filters for pulse height measurements in the presence
of noise. By K. Nygaard. 19 p. Sw. cr. 8:—.

234.

235

Förteckning över publicerade AES-rapporter

1. Analys medelst gamma-spektrometri. Av D. Brune. 1961. 10 s. Kr 6:—.
2. Bestrålningsförändringar och neutronatmosfär i reaktortrycktankar —

några synpunkter. Av M. Grounes. 1962. 33 s. Kr 6:—.
3. Studium av sträckgränsen i mjukt stål. Av G. Ostberg och R. Attermo.

1963. 17 s. Kr 6:—.
4. Teknisk upphandling inom reaktorområde!. Av Erik Jonson. 1963. 64 s

Kr 8:—.
5. Agesta Kraftvärmeverk. Sammanställning av tekniska data, beskrivningar

m. m. för reaktordelen. Av B. Lilliehöök. 1964. 336 s. Kr 15:—.
6. Atomdagen 1965. Sammanställning av föredrag och diskussioner. Av S.

Sandström. 1966. 321 s. Kr 15:—.

Additional copies available at the library of AB Atomenergi, Studsvik,
Nyköping, Sweden. Transparent microcards of the reports are obtainable
through the International Documentation Center, Tumba, Sweden.

EOS-tryckerierna, Stockholm 1966


