Some improvements in the operation of the optical diffractometer

to avoid this the part of the instrument round the lenses has
been boxed in and a small silica gel dryer placed inside. If
condensed water vapour is allowed to remain on a bloomed
lens for more than a few hours it leaves a permanent mark
and the phase of the beam passing through is slightly modified.

5. PHOTOGRAPHIC TECHNIQUE

The time taken to punch masks and place them in the
diffractometer is so short that, in obtaining optical transforms,
the photographic processing is the main factor in determining
the total time involved. It has, therefore, become important
to cut down the processing time to a minimum; this has been
achieved by the use of modern rapid developers and fixers.
The requirements for the photographic work are small grain
size, reasonable contrast, short exposure and development
time, combined with control of the processing.

Until recently Leitz two-bath developer(!? has been used 1n
conjunction with an ammonium thiosulphate fixing bath.
Velox developer or D8 has been used where greater contrast
is requured. A series of tests has recently been carried out on
various types of films and developers, the results of which
are given in Table 5.
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A low frequency random signal generator

By J. C. WesT, Ph.D., D.Sc.,, AM.LE.E., Electrical Engineering Department, University of Manchester, and
G. T. RoBERTS, B.Sc., Bruce Peebles and Co. Ltd., Edinburgh

[Paper first received 21 March, and in final form 15 May, 1957)

Conventional random signal sources such as photo-multipliers, gas discharge tubes, etc., although
good at medium and high frequencies are unreliable at frequencies below about 50 ¢/s, due to

flicker effect.

The paper describes a simple method of generating a low frequency random

signal having a spectrum extending down to zero frequency, and using a gas discharge tube as

the primary noise source.

The gas discharge tube has been chosen because of the relatively

large noise power available, for instance, this may be 10 V r.m.s. in the band spectrum up to
107 ¢/s. The probability distribution of the resulting signal approaches a Gaussian form. The
difference from a true Gaussian is very small and may be neglected in most experimental work.

INTRODUCTION
A gas discharge tube will provide Gaussian noise having a
flat spectrum extending down to about 50 ¢/s. A portion of
this spectrum in the high audio frequency range 1s selected
by a narrow band filter with central frequency f,. The out-

VoL. 34, NOVEMBER 1957

447

put of the filter has the appearance of a sine wave of fre-
quency f; but with randomly varying amplitude, the frequency
of the fluctuations being of the order of the bandwidth of the
filter. Peak rectification of this signal yields a low frequency
waveform with a spectrum extending down to zero frequency.
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Since the output of a peak rectifier can never reverse polarity,
the low frequency waveform will have a d.c. component, and
its instantaneous amplitude will always be greater than zero.
The actual amplitude distribution is found to be Rayleighan.
If two statistically independent signals of this type are added
together such that their d.c. components cancel, the result 1s
a random signal having a symmetrical distribution about zero
amplitude, and this approaches the Gaussian distribution
very closely. The spectrum of the combined signal again
extends down to zero frequency, the upper cut-off being
determined by the bandwidth of the band-pass filters. Fig. 1

B8, F— C
low frequency
output
A
B, C
Fig. 1. Schematic diagram of low frequency noise

generator

A, wide band Gaussian noise source; By, narrow band filter
centre frequency f1; B, narrow band filter centre frequency
f2; C, peak rectifier with smoothing.

is a schematic diagram of the complete system. It is per-
missible to use a single noise source since the outputs of the
two filters will be statistically independent if their pass bands
are sufficiently separated.

BANDWIDTH AND PROBABILITY DISTRIBUTION

A random noise signal x(¥) may be represented’ by the
sum of a large number of sinusoidal components with random
phase relationships, thus

X0 = e cos (wpt + $) )

the ¢,’s being uniformly distributed in the range 0-27. If
x(t) is the output of a filter subject to a wide band white
noise input, then the ¢,’s of equation (1) are determined
solely by the frequency characteristic of the filter as follows,

en = |Glwy)| Aw @

where G(w) is the transfer function of the filter, and Aw is
the increment in frequency between the components of the
series.(D

Equation (1) may be written,

N
x(H) =3 ¢, cos (Wt — wot + ¢, + wel)
n=1

= y1 COS wy! — Yy sin wyt 3)
= R cos (wyt + &) 4
N
where MOGES ; €, €08 [(w, — wolt + ¢,]
" ®)
yz(t) = élcn sin [((L)” - wo)t -+ ¢"]
and R =+/01 + 9]
() = tan~122 f ©®
J1

If G(w) is the transfer function of a fairly narrow band
filter, and wy represents the mid-band frequency, equation (4)
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implies that the signal x(¢r) may be considered as a carrier
wave of frequency wq modulated by a slowly varying function
of time R(f). From equations (5) we see that y;(¢) and y,(r)
have similar amplitude spectra which are identical with the
original band-pass filter spectrum but with a shift of the
frequency origin to wy, so that the mid-band response of the
filter now represents the amplitude of the zero frequency
components 1n y; and y,.

By the central limit theorem y; and y, must approach
normal amplitude distributions since each is the sum of a
large number of independent random variables. Demodula-
tion of x(#) by multiplication by a signal 2 cos wq? yields the
low frequency component y,(f) plus higher frequency com-
ponents which can be filtered off. This would be a convenient
method for the generation of low frequency Gaussian
signals,® but it suffers from certain practical disadvantages.
Firstly, 1t is necessary to ensure an extremely high degree of
frequency stability in both the tuned filter and the local
oscillator supplying the demodulating signal, since any fre-
quency drift would introduce unpredictable and intolerable
fluctuations in the output signal. Secondly, the demodulator,
if of the electronic type, 1s lable to introduce d.c. drift,
whilst mechanical chopper type of demodulators limit the
highest carrier frequency which can be used. To overcome
these disadvantages the present system employs a simple peak
detector. This is found to introduce negligible d.c. drift,
but unfortunately the amplitude distribution is no longer
normal.

AMPLITUDE DISTRIBUTION FOR R(?)

As pointed out in the previous section, the amplitude
distributions of both y; and y, must approach the Gaussian
form with the same standard deviation o.

POy = p(vp) = p(y) = me—ﬂ/w @

where 0% = tc2 = X2 ®)

Also, since y;y; = 0, the joint probability of y, and y, 1s
simply the product of their separate probabilities. The
probability that the signal R = +/(»% + »3) lies within the
elementary rectangle y;, y; + dy;, y5, and y; + dy, may be
written,

P(ylyz) = e—(}’}+y§)/202dyldy2

27a?

Changing from rectangular to polar co-ordinates we have
from equation (6),
B=y;=R

P(y,y;) = P(RO) = e—R¥202RdRA

2ma?

Integrating this expression over all values of 8 from 0-27
we arrive at the probability distribution with respect to R
alone.

1 . 1
— I Ro—RY202
P(R) = —Re , R > 0 ©
=0 R <0
This 1s the Rayleigh distribution* and is plotted in Fig. 2.

* This distribution 1s also known as Circular Gaussian,
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R(?) 1s seen to have a finite probability of reaching very large  of the signal amplitude. The distribution can be written thus,

amplitudes, but 1t can never cross the zero amplitude level.
By combining two signals of this type such that their d.c. () = e~? {F ) [1 _ Fa(%)j] — 4T (%)[1 _ Fa(%)]}
V(e70) Waa T(® * T
ob 2
where a= o)
a
. 04 and )] =f m—le—!ds,
o 0
e The function I',(n) is an incomplete gamma function and
e has been tabulated by Pearson. The distribution p(z) is
02 plotted in Fig. 3 together with a normal distribution, each
curve being normalized with respect to its r.m.s. value. The
departure from the ideal distribution 1s seen to be so small that
it may be neglected entirely in most experimental work.

o) [ 2 3 4
THE PRACTICAL SYSTEM

R/c™
, The primary noise source 1s an argon filled thyratron
Fig. 2. The Rayleigh probability distribution operating 1n a magnetic field® with heater and h.t. voltages

P(R) = EIERe—RZIZGZ

components cancel, a symmetrical distribution 1s obtained
which 1s almost normal.

1

(@
DISTRIBUTION OF THE OUTPUT SIGNAL 49 Frequency (ko) S
The theoretical distribution obtained by combining two
Rayleigh distributions cannot be expressed explicity in terms
o5 )

pXP@
. o D) foo

/

(<)
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3 o \ @)

Fig. 3. Theoretical distribution for z together with the © (/5 100
normal curve Fig. 4. Filter response and output noise spectrum
1 , ; f signal at
..... —z2f2¢2 (@), filter pass band characteristic; (b) spectrum of signa
normal distribution Vv (27T)pe o output of rectifier; (c) response of low pass R-C filter and

(d) overall response at output of noise generator.

theoretical distribution of z

+300v +300v

20 5200k 120

Ve

O 0033

Fig. 5. Circuit diagram of low frequency noise generator

Vi, 6D4, Vs, 6AMS6, Vi, 2 X + 12AT7; Vs, Vs, 6ALS; Vs, 6AM6; V7, Vs, 12AT7.
VoL. 34, NOVEMBER 1957 449 JOURNAL OF SCIENTIFIC INSTRUMENTS



J. C. West and G. T. Roberts

stabilized in order to minimize fluctuations in noise power.
The band-pass filters are simple half-sections centred at 5 kc/s
and 8 k¢/s. The overall bandwidth of each filter is of the
order of 250 ¢/s. The frequency characteristics are not flat
topped but rise by about 3 dB at each edge. This gives a low
frequency noise signal which rises to a peak at about 100 c/s.
The rectifiers are followed by a low frequency R-C filter which
cuts off at about 100 ¢/s. This causes the overall frequency
characteristics of the noise to be flat up to 100 ¢/s and then
fall away at higher frequencies. The details of the filters are
shown in Fig. 4. It is seen that the spectrum of the output
signal is fairly well defined and cuts off rapidly above 100 c/s.
This characteristic is obtained without elaborate low-pass
filters which usually require unrealistic values of inductance
at low frequencies. The complete circuit diagram is given in
Fig. 5. This again demonstrates the simplicity of the system.

CONCLUSION

A simple random signal generator 1s described and shown
to give a signal spectrum extending down to zero frequency,
and an amplitude distribution approaching the normal curve
sufficiently close to be of use in a wide variety of experi-
mental applications. The device was originally developed
for use with an analogue computer, and provides a continuous
source of random disturbances for statistical investigation of
the behaviour of dynamic systems.
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The time behaviour of logarithmic amplifier input circuits
By T. P. FLANAGAN, M.Sc.,, AM.LEE., A.lInst.P.,* Marconi Instruments Ltd., St. Albans, Herts,

[Paper first received 24 April, and in final form 20 June, 1957]

The non-linear nature of the logarithmic amplifier input circuit causes the time constant to vary
with current, and three definitions of effective time constant are examined, based on an analysis
of the time behaviour of the input circuit to a step change of mput current.

In nuclear reactor instrumentation systems it is usual practice
to measure neutron flux by means of a logarithmic amplifier,
which measures the current from an ionization chamber
acting as a neutron flux detector. The logarithmic charac-
teristic is desirable for two reasons: (@) the output of the
logarithmic amplifier, when the input is rising exponentially
with time, can be differentiated to give a measure of the
reactor doubling time, and (b) wide range of flux level can be
presented on a single meter or recorder scale.

The logarithmic characteristic is obtained by using the
exponential voltage-current relationship of a diode operating
in the retarding field region,® or the grid voltage-grid current
relationship of a pentode valve,® using the screen grid of the
pentode to maintain automatically the anode current at a
constant value. The following discussion uses the diode as
a model, although the argument will apply equally well to
the pentode circuit,

The principle of the method is shown in Fig. 1, which gives

iy i

Fig. 1. Equuvalent input circurt of logarithmic amplifier

* Now at the British Scientific Instrument Research Association,
Chislehurst, Kent.
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the equivalent input circuit of the logarithmic amphfier. The
voltage v across the diode is given in terms of the diode
current i by

i = iyexp (ev/kt) )]

where 7y is a constant characteristic of the diode, e 1s the
electronic charge, k is Boltzmann’s constant and # is the
cathode temperature of the diode. The diode current i is
derived from the ionization chamber which i1s a constant
current device. Therefore the grid of the amplifier assumes a
voltage v given by equation (1).

In any practical system the constant current source of the
ionization chamber is shunted by capacitance. This is due
to the self-capacitance of the chamber itself and the capaci-
tance of the cable carrying the signal from the chamber to
the logarithmic amplifier. Thus there will be a time delay
in the response of the amplifier to changes in signal current.
However, because of the non-linear relationship of input
current and voltage this time delay cannot be assessed in
terms of the time constant associated with a capacitance-
resistance circuit, since there exists no constant resistance
across the capacitance. It is possible, of course, to define an
instantaneous time constant as the product of the capacitance
and the differential resistance dv/di at a particular value of

current. From equation (1), by differentiation we have
R = dv/di = kb/ei ()]
so that the time constant 7" is given by
T = CkOei 3)

Although this is satisfactory as a definition of the time
constant at a given value of current, it 1s of little use when
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