
Nireless World 
November 1968 Three Shillings 

Nideband u.h.f. television aerial 

Closed- circuit TV survey 



Cut the operational and 
maintenance costs of 

your HF radio station right now 
with STANFAST 

Here's how 
STANFAST Systems -the STC concept of auto- 
mated h.f. radio stations - permit transmitting and 
receiving installation to be controlled completely by 
one man from a central location. 
STANFAST Systems provide high speed frequency 
changing, automatic performance monitoring and 
rapid fault location affording optimum traffic handling 
capability and maximum revenue. 

STANFAST Systems use the latest techniques in 
radio design, demand smaller sites and require less 
maintenance than hitherto. Initial capital cost is lower 
and return on investment is greater. 

Standard Telephones and Cables Limited, Radio 
Division, Oakleigh Road, New Southgate, London, 
N.11. Telephone: 01 -368 1200. Telex: 261912. 

STANFAST MATCHING 
UNITS (BALUNS) TYPE A.1004 -A&B 
Used for coupling an aerial to a transmitter when the 
feeder is balanced on the aerial side and unbalanced on 
the transmitter side. 
Suitable for transmitter r.m.s. output powers of up to 
20kW (A.1004 -A) and 30kW (A.1004 -B). 
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if you prefer to monitor 
with an oscilloscope instead of a meter.. 

here's a 
professional- quality 

1 tube at a 
lowest -ever price! 

72 

Once again, Thorn -AEI's renowned 
production engineering techniques have 
made possible a 1 -inch cathode ray 
tube, built to professional performance 
standards, at a price far lower than that 
of current competition -with quantity 
discounts to reduce it still further. 
The BRIMAR D3 -130GH 1-inch tube 
has been specially designed for use in 
monitoring aspects of equipment 
performance where simple voltmeter 
and milliammeter readings are inadequate. 
Built into installations, it will save 
'down -time' by early detection and 
quick location of faults. 

Features include : Electrostatic focusing 
and deflection, small spot size, freedom 
from trapezium distortion, good 
uniformity of focus. High sensitivity 
makes it ideal for transistor operation. 
Typical Operation 
Vh 6.3V ; I h 0.3A ; Va1-}-a3+a41000V. 
Va2 100V ; Vg (cut -off) -20 to -48V. 
Sy 58 to 88 V /cm. 
Sx 80 to 120 V /cm. 

FQr full technical data and prices, write or phone: 

Thorn -AEI Radio Valves & Tubes Ltd., 
7 Soho Square, London, W1V 6DN Tel : 01 -437 5233 
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Wireless World 

The Wrong Prize 

During an I.E.E. /I.E.R.E. /I.E.E.E. conference at Cambridge on electronics design, 
there was a discussion, led by a six -man panel, on the subject "Do R & D men make 
good managers ?" Of course this question is one of those that at first sight seem 
intriguing' (e.g. "Do computer programmers make good husbands ? ") but are bound 
to lead nowhere; but the discussion did serve to bring out an attitude about design 
engineers which is widely accepted though seldom stated openly or criticized. It 
seemed to be assumed without question that the natural road for an able design (or 
R & D) engineer to travel was towards management. This must be his ambition, his 
goal. There were frequent implications that the successful engineers were those who had 
"made the grade" into management, and that those who hadn't "made it" were to be 
pitied. The panel, a group of managers and directors (five engineers and one 
accountant), had that confident, self- satisfied air that plainly implied they considered 
they had made the grade. One or two even said so. 

It is thus a characteristic of our industrial set up that the prize for being 
successful in one type of job is to be "promoted" into another type of job. The able 
craftsman is made into a foreman, and so on. In electronics this means that while you 
are a hundred per cent certain to lose a good design engineer, there is only a possibility 
that you will get a good manager in return. The dubious justification for this 
exchange is the hope that the total value of the good managers you do happen to get 
will outweigh the complete loss of the design 'engineers. 

It does not seem to occur to anybody that good design engineers. should be 
encouraged to stay in design, and continue to do the work in which they excel and 
which industry needs so badly, and that they should be rewarded accordingly. There 
is no reason why, in appropriate circumstances, a design engineer should not be paid 
as much as a managing director. (In small electronics firms they are often one and the 
same person anyway.) But such are the feudal traditions still clinging to British 
industry that certain types of jobs automatically have higher ranges of pay and 
prestige attached to them than others, and the only way for a good man to get his just 
rewards is to change the nature of his job. It derives, of course, from the historical 
link between management and private ownership. Fortunately, not only the com- 
munist countries but the Americans -with their concept of management as a 
particular class of job rather than the top of a hierarchy -are beginning to show that 
other systems of reward are possible. 

Admittedly the design engineer in electronics is not in a strong position to demand 
more for himself. He has not yet achieved that aura of respectability and dullness 
possessed by his colleagues in "heavy" engineering which seems to be accepted as a 
guarantee of solid worth. One reason may be that a great deal of electronic circuit 
design has been achieved by experimentation on "breadboard" models, and this may 
have helped to create in the minds of administrators and boards of directors an 
impression of uninformed dabbling. As J. Murray of Edinburgh University said at the 
Cambridge conference, "Can we imagine the designer of a 275 -kV transformer, even if 
it was the first that had ever been built, going through a lash -up stage on an 
ill -defined model with which he could tinker with file and blow -lamp ? ". However, 
as Mr. Murray later pointed out, the new respons,ilities associated with designing 
integrated circuits (with their expensive processes and long production runs) may well 
alter the picture: "The integrated circuit era may well go down in industrial history 
as the era in which electronic engineers first learned to design efficiently." 
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A Helical Aerial for Bands 4 and 5 

An alternative design to the usual Yagi array for use at u.h.f. 

br E. H. Davies 

The helical form of aerial does not 
differentiate between horizontal and vertical 
polarization to any significant degree over its 
bandwidth and while this may be a dis- 
advantage in some areas it can have con- 
siderable advantages in others, particularly 
where polarization becomes modified by 
reflections of one form or another. It has 
been found, by practical experience, that the 
helical is much less prone to "flutter" 
effects, apparently due to this lack of 
differentiation. 

A helical aerial is in use at the Bristol 
Technical College where it gives consistently 
good results on channel 63 from Oxford, a 
distance of 65 miles, without the use of a 
pre -amplifier. The signal level is of the order 
of 4001eV and it has been noticed that with 
considerable movement of the aerial in 
strong winds there is no noticeable effect 
on the picture, be it monochrome or colour. 
This particular aerial is a to -turn helix 
and it has a gain of roughly 16 dB for an 
overall length of about 3 feet. The small 
dimensions provide possibilities for indoor 
use. 

Construction of a helical aerial is a 
comparatively easy task for the enthusiast 
and a description of the form of con- 
struction used at Bristol will follow. 
However, in order to design an aerial for a 
particular area, one must first have suitable 
data and so a brief description of the 
operating principles and calculations 
required will be given. 

Principle of the helical aerial 

A wire, wound to form a helix with a cir- 
cumference of one wavelength will radiate as 
a beam aerial, the radiation pattern being 
nearly circular. This type of radiation is 
called the "beam" or "axial" mode and it 
can exist over a relatively wide frequency 
range. Other modes of radiation can be 
obtained by having a helix circumference 
which is smaller than one wavelength, but 
only the axial mode is considered here, since 
it is most generally used in practice. In the 
axial mode the maximum field intensity is 
along the axis of the helix and the helix 
dimensions are relatively non -critical. The 
configuration shown in Fig. 1 is convenient 
in practice since it provides a termination to 

" The Department of Electrical Engineering, 
Bristol Technical College. 
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Helix 

Ground plane 

Fig. i. Configuration of the axial -mode 
helical aerial. The ground plane diameter 
should be greater than half -wavelength. 

9k 

G 

W 1 4-S 
Fig. 2. Symbols used in this figure and 
in Fig. 3 to describe the aerial in the text 
are as follows : 

D = diameter of helix, S = spacing 
between turns, L = length of one turn, 
a = pitch angle, N = number of turns, 
A = axial length (NS), G = ground 
plane diameter and g = distance of helix 
from ground plane. 

A 

a coaxial feeder and gives a unidirectional 
pattern. 

A helix with its associated dimensions is 
shown in Fig. 2. It is fed by a coaxial feeder, 
the outer conductor of which is terminated 
at the ground plane screen and the inner 
conductor to the end of the helix. If, on a 
flat plane, one turn of the helix were to be 
unrolled, the triangle so produced relating 
the circumference, nD, the spacing S, the 
length of the turn L and the pitch angle a 
would be as shown in Fig. 3. 

Dr. J. D. Kraus' (Ohio State University) 
has suggested an optimum design for the 
pitch angle as 14 °(±3 °) because within the 
vicinity of this angle the properties change 
least, producing beam widths of 3o" to 6o° at 
half -power points and impedances between 
too and 15o Q. The actual aerial used by 
Dr. Kraus had a total length (A + g) of 
1.65 A and since A + g = S(N -I- 4) where 
N is the number of turns and g is taken as 
S /2, the actual number of turns is six. The 
frequency range measured was 1.67:1 with 
a standing wave ratio better than 1.4 over 
the same range. 

This optimum aerial compromised 
between directivity, power gain, terminal 
impedance and constructional difficulties. 

Constructional difficulties, obviously, tend to 
be reduced as the frequency is increased. 

Power gain can be increased slightly b} 
adding more turns, provided an integral 
number is used, but the difficulty of 

supporting the helix, particularly at lower 
frequencies, and the added insulation 
required generally tends to offset the extra 
gain thus obtained. The helix will also work 
well with less turns than the optimum bui 
with some loss of gain and broadening of the 
beam. With less than three turns the 
terminal impedance no longer remains 
constant and an adjustable match may be 
necessary. The beam width of a helix in the 
axial mode decreases inversely with the 
square root of the helix length in wave- 
lengths. Thus the aerial gain is about 
13 dB for six turns and 16 dB for ten turns. 

Radiation pattern 

The radiation pattern of a helical aerial 
using the axial radiation mode and designed 
for maximum directivity can be determined 
from: 

E(¢) = sin 

where 

N¢ 
2 90° 

sin 

()( (cos ¢) .. (1) 

Si n 
2 

N = number of turns of helix 
¢ = angle measured from axis of helix 

[S(1 - cos ¢) 1 1 
+is -360 +2N]..(2, 

S = spacing between turns 
lengths. 

From equation (1) 

in wave- 

E(¢) is zero when sin is zero 
2 

Sin is zero when 
N 

is 
2 2 

0 °,.180 °, 36o` 

For N = to this is when O. = 
to8 °, etc., 
For N = 6 this is 
18o° etc., 
In addition E(¢) is zero when 

when /f _ 
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Using equation (2) the minima and the 
.alf -power points may be calculated for the 
iven wavelength. 
The helical aerial has sufficient bandwidth 

o enable it to be designed for groups of 
i.h.f. channels, in common practice with 
'fisting u.h.f. aerials. The materials used 
onsisted of (mineral insulated) cable for the 
lelix, 18-gauge copper for the ground plane 
nd p.v.c. conduit for the helix supports. 
rhere were, of course, minor components 
uch as clips, self -tapping screws, etc., used. 
rhere seems to be no reason why a mesh 
;round plane should not be used and also 
.luminium strip for the helix. No doubt the 
:hoice of materials will be influenced by 
vhat is readily available. It is worth noting, 
iowever, that m.i. cable is very suitable for 
he helix as it may be wound without fear of 
'tickling. The helix shown in the photo - 
;raph was wound on a powdered -milk tin 
is the tin happened to be the correct 
liameter for the frequency of the aerial. 

Calculating the dimensions 

°'ssuming that tubing of J in (6 mm) 
liameter is used, this has a velocity factor of 
'bout 0.85. The following dimensions may 
De calculated: 

30,000 x 0.85 25,500 
A 

r i 
cm 

836.4 

25,500 7 8,114 
D =- x 22 =- cm 

feet == rrD 

266.1 
feet 

25,500 x 0.25 6,375 
S -= -- cm 

L= 

209.1 
feet (S = irD tan l4 °) 

rD 25,000 1 

cos 14° .1 x 0.97 

26,280 
cm == 

87 
feet 

S 3,187.5 104.55 
g - -- cm feet 

where f is the frequency in MHz. 
The diameter of the ground plane, G, is 

not very critical but a suitable dimension is 
0.9 A. 

It seems a good procedure to mark the 
helix tubing at ,1/2 intervals before winding 
since this provides a good indication for the 
positions of the clips used to fasten the 
helix to the supporting tubes. These clips 
can be attached by self- tapping screws. The 
number of turns used must be an integral 
number and the tubing at the ground plane 
end of the helix should be bent towards the 
axis of the helix at, or near, a right angle. 
This is important if the correct impedance is 
to be achieved. The spacing of the ground 
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plane from the end of the helix also has a 
considerable effect on the impedance of the 
aerial and care must be taken. The support- 
ing tubes may be fixed to the ground plane 
by any suitable means, for example, by 
threaded plugs. 

Since the impedance of the helical aerial 
is about 130 12 this may be matched to a 
7541 feeder by a simple quarter -wave 
matching section as shown in Fig. 4: 

Z = 1/Zt x Z2 = 1/75 x 130 = 99 S2 

Using the same } in tubing 

6375 
0.25 a - f(MHz) cm 

long, the spacing between the tubes is given 
by 

Rk S (spacing) 
276 = logro R (tube radius) 

for an open line (air dielectric). 
Assume the characteristic impedance 

(Rk) of the section is too i2, then 

Rk 100 

276 276 
0.362 

being the log,,, of R. 

The antilog of 0.362 is 2.3 and the i -in 
tubes of the matching section would be 

0.25 
spaced by 2.3 x = 0.29 in = 0.73 cm. 

2 
A coaxial matching section may be used as 

an alternative. If a coaxial section is formed 
using a larger tube as an outer to the i -in 
helix tube continuation, with air spacing, 
then the tube diameter may he found using 
the formula: 

Rk Ro 

138 
= 1og10 Ti 

where R is the space between the inner and 

Fig. 3. The triangle 
produced by unrolling 
one turn of the helix. 

Ground plane 

Connections 
to coaxial 

TS 11 

cable Continuation 
(75n) _ir, of helix 

tube 
/,] 

Waterproof 
box 

4 
6375 

> 

cm 
f(MHz) 

Fig. 4. Aerial output connection showing 
details for matching into a 75 -12 feeder. 

Helical aerial prototype erected on site. 

Back view cf the helical aerial showing 
the position of the quarter -wave coaxial 
matching section and waterproof 
connection box. 

outer conductors and Rs is the radius of the 
inner conductor. If a solid dielectric is used 
then the dielectric constant must be con- 
sidered. A piece of low -loss coaxial cable 
may be satisfactory and such a section is 
shown in one of the photographs. The actual 
section was originally of 75 S2 impedance 
but was converted to too f2 by withdrawing 
the original inner and substituting a new 
inner of h.d. copper wire of 0.092 cm 
(0.036 in) d:ameter (20 s.w.g.). 

Before mounting the aerial it is as well to 
consider its musical performance in wind 
and block the ends of supporting tubes. 
The helical aerial described may be wound 
in either direction for Bands 4 & 5 use and it 
may also be used in stacked arrays when, it is 
suggested, alternative winding senses are 
used. The use of stacked helical arrays 
requires, as with stacked Yagis, very careful 
matching. 

The authors of this article wish to express 
their appreciation to the Principal of 
Bristol Technical College for his permission 
to publish. 

REFERENCE 
r. "Antennas ", by J. D. Kraus. The McGraw 
Hill Book Co., New York, 195o. 

387 



Noise in Transistor Circuits 
1. Mainly on fundamental noise concepts 

by P. J. Baxandall* B.Sc. (Eng), F.LE.E., F.I.E.R.E. 

An enormous amount of literature exists 
on the theory of random noise, the theory 
and practice of low -noise amplifier design, 
and measuring techniques involving noise. 
However, for most engineers and physicists 
not specializing on noise topics as such, the 
need is to extract from this mass of know- 
ledge a certain minimum amount of basic 
theoretical and practical information, suffici- 
ent to enable the normal types of noise 
problem which arise in the course of elec- 
tronic work to be understood and dealt with 
in an intelligent manner. 

The aim in this article is to provide this 
minimum basic information in, it is hoped, 
an easy -to- assimilate form, and to quote, for 
the benefit of those desiring to delve a little 
more deeply, a few references which have 
been found particularly worthy of attention. 

Gaussian Noise 

The term "noise" has more than one 
technical meaning. For example, when 
computer engineers refer to "noise 
immunity" they are concerned mainly with 
the effects of unwanted but man -made 
interference caused by cross -talk between 
circuits in the computer, mains disturbances 
etc., and such "noise" does not have the full 
random properties of the really basic kind of 
"natural" noise which is inevitably present 
in all electrical circuits. 

In this article, only truly random noise 
will be considered, i.e. noise generated by 

random processes such as the thermal 
agitation of electrons or the random arrival 
of charge carriers at the collector of a 
transistor. 

In all normal circumstances met in the 
design of practical amplifiers, the noise 
voltages and currents have a Gaussian 
distribution of instantaneous amplitudest. 
The exact meaning of this statement is 
shown in Fig. t, and the associated 
theory leads to the two facts enumerated in 
the caption. 

It is very important to bear fact (I) in 
mind when noise measurements are being 
made, for it means that an amplifier used to 
provide a noise output of x volts r.m.s. 
must be able to handle instantaneous 
voltages of values approaching 3x if sig- 
nificant errors due to overloading are to be 
avoided. This requirement is easily over- 
looked -for example, some mean -rectifier 
valve -voltmeters or transistor voltmeters do 
not have this signal -handling capacity and 
are therefore unsuitable for noise measure- 
ments. 

Appearance of Gaussian Noise 

In Fig. 2, the top three photographs on the 
left, taken under "single- shot" conditions, 
show white Gaussian noiset after passage 
through sharp- cutting LC low -pass filters 
with the cut -off frequencies indicated. In 
all three cases, the timebase speed is the 
same, i.e. 5 ms per square. (The gains were 

Fig. r. Gaussian noise. Facts : (i) instantaneous voltage lies within ±3 times the r.m.s. voltage 
for 99.7°ó of the time; (2) using an ordinary mean -rectifier voltmeter (e.g. Avo), calibrated to 

read the r.m.s. value of a sine wave, we have : (r.m.s. noise voltage) = 2 /V'tr x (meter reading). 

Gaussian curve 
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Time 

1 
CE probability of voltage 
lying within dotted limits 

suitably readjusted to give a convenient size 
of waveform for clear photography.) 

The top photograph on the right -hand 
side was obtained with the 600 -Hz filter in 
operation, but with a to times slower time - 
base than that used for the 600 -Hz picture on 
the left. It will be seen to have virtually the 
same appearance as the 6 -kHz picture on its 
immediate left, which serves to emphasise 
that the appearance of such noise is con- 
trolled purely by the ratio of the timebase 
speed to the noise bandwidth and not by the 
absolute quantities involved. 

The bottom photograph on the left was 
obtained by passing the wideband white 
noise through a 600 -Hz noise -bandwidth 
circuit not having a sharp- cutting charac- 
teristic, but consisting of just a simple CR 
lag. This crude filter lets through, to some 
extent, quite high- frequency components of 
the noise, giving the picture a much "finer - 
grain" appearance than for the 600 -Hz 
sharp- cutting filter whose output is shown 
in the picture immediately above it. 

The bottom photograph on the right 
shows the appearance of white Gaussian 
noise after passing through a moo-Hz 
selective circuit having a Q -value of 
approximately 23. ** 

Whereas white noise, as already 
mentioned, has a flat spectral density curve, 
i.e. equal mean squared noise voltage per 
unit bandwidth throughout the spectrum, 
the terms "pink noise" and "red noise" are 
sometimes used, particularly in electro- 
acoustic work. Pink noise has a constant 
mean squared noise voltage (or power) per 

f The Gaussian curve, or normal distribution curve, 
is basic to probability theory. Suppose we toss a 
penny too times and note how many times it comes 
up heads. We now repeat the experiment many 
times, each time noting the number of heads that 
come up. If we now classify the results of all these 
trials into groups, e.g. 3o to 35 heads, 35 to 40 heads, 
40 to 45, 45 to 50, 50 to 55 etc., and plot the number 
in each group against the head numbers just 
mentioned, we obtain an approximation to a Gaussian 
curve. See reference j, p. 14 and /or reference 2, 
p. 369. 

By "white" is meant, by analogy with white 
light, that the spectral density, i.e. the mean square 
noise voltage per unit bandwidth, is independent of 
frequency. 

** The envelope of such a noise waveform, and 
therefore the output of a diode detector to which it is 
fed, does not have a Gaussian amplitude distribution -it can never have a negative value but can go 
without limit positively. The resulting unsym- 
metrical distribution of instantaneous values is 
called a Rayleigh distribution -see reference 2, 
P. 392. 
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,ctave, i.e. the mean squared voltage per unit 
) andwidth rises at iodB /decade (3dB per 
ictave) with falling frequency. (So- called 
ticker noise, excess noise, or "t /f" noise is 

)f this type and is discussed later on.) 
Red noise has an even greater low -fre- 

iuency content, the mean squared noise 
'oltage per unit bandwidth rising at 
todB /decade (6dB /octave) with falling 
requency. 

Fig. 3 shows examples of red noise - 
>btained by passing Gaussian white noise 
hrough a Blumlein integrator. For these 
>ictures, unlike for Fig. 2, the system gain 
vas left unaltered when switching from 
¡kHz to 600Hz bandwidth, and it will be 
;een that while reducing the bandwidth io 
:imes reduced the magnitude of the white 
ioise voltage about 1,to times, as expected, 
he effect on the amplitude of the red noise 
vas very small- because the biggest corn - 
,onents of the red noise are at very low 
'requencies. 

Correlation 

The concept of "correlation" is used later 
in this article, and will now be briefly 
explained. 

When two noise voltages are produced by 
two completely independent systems, they 
are said to be "uncorrelated ". If we were to 
photograph their waveform, under "single - 
shot" conditions, on a double trace oscillo- 
scope, the wiggles on one waveform would 
be found to have no particular tendency 
to coincide with those on the other. 

Suppose we connect two noise voltage 
sources in series, as shown in Fig. 4, where 
vi and v2 refer to the instantaneous values. 
Then, if the voltages are uncorrelated, it is 

easily shown that: 

Utot2 tl + U22 
. . . . (1) 

(The bars signify "mean value of ") 
Since, by definition, the square of an 

r.m.s. value is the mean square value, 
equation (t) may be written in terms of 
r.m.s. values as follows: 

Vtot2 = V12 + V22 (2) 

from which: 

Vtot = V V12 + V22 . . . . (3) 

(No correlation) 

When two noise voltage waveforms are of 
identical shape, differing only in magnitude 
if at all, they are said to be too ° correlated. 
Thus v, and v2 in Fig. 5 are totes% 

correlated. The v;, waveform is an antiphase 
version of v, and v2, of somewhat smaller 
magnitude, and is said to have aoo °0 

negative correlation with respect to the 
latter waveforms. 

It is obvious that under the conditions 
of Fig. 5, simple addition or subtraction of 
r.m.s. values must apply, so that, instead of 
equations (2) or (3), we now have: 

Vtot V1 + V2 (4) 

(20000 positive correlation) 
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Fig. 2. White Gaussian noise via 
various filters having the bandwidths 
shown. The i -kHz tuned circuit had a 
noise bandwidth of approximately yoHz. 

50 m sec 

C-R eooHz 
lag only 

Some gain 

I.- 
5msec 

111111111111111 
kHz IIIIPAPENIMIS 

6 Pall 11111 
111 

eooHz 

eooHz 
L.P. F. 

,kHz 
T . c 

mu MN 
NM ME 

noise Red White noise 

Fig. 3. Red noise and white noise. The time scale is Sms per square in all cases. 

Fig. 4. (Above) Two noise 
sources in series. 

Fig. S. Voltages v, v1 

and v2 are r00% 
correlated. The va 
waveform has r00% 
negative correlation v2 
with respect to v, 
and v2. 
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VN = 1µV r.m.s 
R = 4kR 

B = 15kHz 

VN 

i 

C VNO 

(a) 

(b) 

or Vtot = Vi- Vs 

(t00% negative correlation) 

Two noise voltages which are only 
partially correlated often occur in practice, 
i.e. each contains some noise arising from a 
common source, but also contains some 
independently- generated noise. We then 
have: 

(5) 

Vtot2 = V12 + V22 + 2y V1 V2 (6) 

(General case) 

where y is called the correlation coefficient 
and can have any value between + s and -1. 

When y = o (no correlation) it will be 
seen that equation (6) becomes the same 
as (z). When y = 1 (full "in- phase" 
correlation), (6) becomes : 

Vt0t2 = V12 + 2V1V2 + V22 

= ( Vi + V2)2 
or Vtot = V1 + V2 

which is the same as (4). 
When y = - t (full "antiphase" cor- 

relation), (6) becomes : 

Vtot2 = V12 - 2V1V2 + V22 

= ( Vl - V2)2 

or Vtot = Vl -V2 

Thermal Agitation (or Johnson) Noise 

This mechanism of Gaussian noise 
voltage generation occurs spontaneously in 
all resistors, or any other devices having 
resistive, or partially resistive, electrical 
impedance, and involves the random thermal 
motion of electrons. 

The basic relationship, giving the noise 
voltage acting in series with a resistance R as 
shown in Fig. 6(a), is : 

VN = 4kTRBl 
(or vN2 = 4kTRB) ¡ 
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(7) 

2 
vNO 

per unit 
bandwidth 

Total mean squared kT 
noise voltage 

5 
Frequency 

where : 

10 
(c) 

R 
P 

X 
P X p 

Rp+Xp 

VN = r.m.s. noise voltage in volts 
k = Boltzmann's constant 

= 1.38o x to -23 joules / °C 
T = Absolute temperature in °K 
R = Resistance in ohms. 
B = Effective bandwidth in Hz 

over which the noise is 
measured. 

Equation (7) is often called Nyquist's 
formula. The background to its discovery in 
1928, and ways of deriving it, are discussed 
in the pages following page 385 of reference 3. 

To facilitate rapid determination of 
approximate noise voltages, it is worth 
committing to memory a set of values such 
as those shown in Fig. 6(a), which apply to 
room temperature conditions. 

The Nyquist formula is actually a very 
fundamental one, being applicable to 
mechanical systems as well as electrical ones. 
Thus, if we have a viscous mechanical 
resistance which is constrained to have no 
velocity between its ends, the Nyquist 
formula enables us to calculate the random 
mechanical force developed. It may be 
used, for example, to calculate the random 
motion imparted to a capacitor microphone 
diaphragm by the viscous damping 
present4. 

The Nyquist formula predicts that an 
infinite resistance should generate an infinite 
noise voltage, yet there is no evidence of 
this happening in practice ! This is not 
because the theory is in any way wrong, but 
simply because of the inevitable presence in 
practice of stray capacitance. Thus any 
practical resistor and its associated wiring 
inevitably looks more like a resistor and a 
capacitor in parallel, as shown in Fig. 6(b). 
As we increase the resistance, we increase 
VN, but, at any finite frequency, we also 
increase the attenuation of VN produced by 
the R -C circuit. Except at low frequencies, 
the increase in voltage attenuation (approx. 
cc R) more than outweighs the effect of the 
increase in VN (oc V R), and the noise 
voltage obtained at the terminals thus 
varies as shown in the graphs of Fig. 6(c). 

The value of VNO (Fig. 6(b) ) may be 
calculated in either of two ways. The first 
way is to calculate VN from the Nyquist 

(d) 

Fig. 6. Thermal agitation noise 
(Johnson noise) . 

Fig. 7. Shot -noise current, IN, 
in a reverse- biased diode. 

Idc 

IN 

formula, and then determine, at any given 
frequency, the attenuation of VN produced 
by the CR circuit. 

The second way is to determine, at the 
given frequency, the series combination of R 
and C which is equivalent to the original 
values in parallel, using the formula shown 
in Fig. 6(d). The noise voltage at the 
terminals is then simply that given, accord- 
ing to the Nyquist formula, by the series 
resistance R8. Both methods give, of course, 
exactly the same answer. 

The above methods enable us to calculate 
the noise voltage, or the mean square noise 
voltage, in a small band of frequencies 
centred on any given frequency. However, 
because of the filtering action introduced by 
the shunt capacitance, the noise output is 
quite finite even if considered over an 
infinite bandwidth, and it is of practical 
interest to calculate this total noise output. 

The total mean square noise output 
voltage of the Fig. 6(b) circuit may be 
obtained, using either of the above methods, 
by integrating the noise output (mean 
square) in each small bandwidth from zero to 
infinite frequency. If this is done (and the 
integration is not difficult) it will be found 
that the answer is independent of R, which 
is equivalent to saying that the areas under 
the several curves shown in Fig. 6(c) are all 
the same. The total 1nean squared noise 
voltage turns out, in fact, to be equal to 
kT /C, and this simple result may also be 
obtained by equating the mean thermal 
noise energy per degree of freedom, PT, 
to the mean energy, 4CV2 stored in the 
capacitor. 

An important practical consequence of the 
above matters is that, in low -noise amplifiers 
designed to operate from capacitive signal 
sources, such as capacitor microphone 
amplifiers or TV camera head amplifiers, the 
shunt resistor value in the input circuit must 
be made very high to keep the noise at signal 
frequencies down to an adequately low 
value -it is desirable to make the value much 
higher than mere considerations of fre- 
quency response would demand. 

To conclude this section on Johnson 
noise, it is worth noting that whereas the 
Nyquist formula is usually given in the 
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rm of eqn. (7) already mentioned, it may 
: rearranged to give the short -circuit noise 
irrent of a resistor instead of the open - 
rcuit voltage; the formula then becomes: - 

IN = 4kTB /R) 

r iN2 = 4kTB /R 
(g) 

hot Noise 

In devices such as thermionic valves, 
:miconductor diodes, and transistors, one 
f the mechanisms of noise generation is 
nown as shot noise, and involves the fact 
iat the output current is not smooth and 
Dntinuous but is the sum of numerous small 
ulses caused by the passage within the 
evice of discrete electronic charges. 
When plenty of reverse bias voltage is 

pplied to a semiconductor diode as shown 
i Fig. 7, the magnitude of the current 
uctuation which constitutes shot noise is 
iven bytt: 

iN2 = 2gIde B 

(or IN = 172gId, B) 
(9) 

t This is sometimes known as the Schottky 
prmula -an amusing instance of a man having a 
ame peculiarly well suited to his work! The basic 
erivation of this formula is discussed very clearly in 
eference 2, page 200. 

FEN 

where: q = electronic charge 
= 1.60 x 10 -19 coulomb. 
lai is in amps. 
B is in Hz. 

For equation (9) to apply, three funda- 
mental conditions must be satisfied: 

(a) All the carriers must have the same 
charge. 

(b) The frequency range of interest must 
be small compared with the reciprocal of the 
transit time across the vacuum or semi- 
conductor junction -otherwise the shape and 
duration of each pulse becomes significant. 

(c) The motion of any one charge carrier 
must be statistically independent of the 
motions of the other charge carriers. 

In addition, the frequency band over 
which the noise is measured must be high 
enough to avoid a significant contribution 
from flicker effect, and the bias voltage must 
be well below the breakdown voltage - 
otherwise excessive noise of a "spiky" 
nature will occur. 

While the above conditions are sufficient 
to ensure that the noise will be white, a 
further condition must be satisfied if the 
noise waveform is to have a Gaussian 
distribution of instantaneous values, viz: 

(d) A large number of charge carriers 
must arrive during a period equal to the reci- 
procal of the system's bandwidth. 
(This last condition is normally very fully 

-7ig. 8. Waveforms illustrating shot -noise principles. The zero -levels are marked "o ". All 
waveforms except (j) have a time scale of Sms per square. A filter of the form shown was inserted 
)efore the c.r.o. for waveforms (h) and (j) -see text. 

;a) 

'b) 

(c) 

(d) 

( e) 
mumummilimium 

(f) 

Iligaiiiilkomk 

WAR M 
5msec 

50 msec 

o 

r-.,*w .,., .r -. . 

27k 2.7k 

o 025,T 
Wireless World, November 1968 

1 

(g) 

(h) 

(i) 

satisfied, since one milliamp corresponds to 
the arrival of about six thousand million 
electrons every microsecond ! However, the 
noise output from a photomultiplier tube 
may cease to be Gaussian at exceedingly low 
light intensities because of failure to satisfy 
condition (d).) 

To give some physical insight into these 
matters, an experimental system was set up, 
and gave the waveforms shown in Fig. 8. 

Normal Gaussian white noise, as 
illustrated in Fig. i, was fed at high level to a 
limiter circuit with trigger action, so that the 
output voltage made traversals between the 
two limiting values every time the input 
noise waveform crossed zero. Waveform (a) 
was obtained with an input noise bandwidth 
of 6 kHz, waveform (b) being with the 
bandwidth reduced to 600 Hz. 

Waveform (c) is as for (b), but a ioo µs 
a.c. coupling has been introduced. For 
waveform (d), a biased -off amplifier stage 
was inserted, capable of passing only the 
positive peaks of the previous waveform. 

Waveform (d) is seen to consist of 
randomly -timed uni- directional impulses of 
constant magnitude$$, and may be taken to 
represent the output current of a device 
exhibiting shot noise and operating at an 
extremely small current. (A waveform like 
this can be obtained from a photo -multiplier 
tube, as already mentioned.) 

In practice, the output load resistor of a 
device exhibiting shot effect is likely to have 
a significant amount of stray capacitance 
across it -this is represented in Fig. 8(e), 
for a shunt capacitor value giving a time - 
constant of o.6 ms. 

In waveform (f), the bandwidth of the 
input noise has been increased from 600 Hz 
to 2000 Hz, giving a correspondingly 
larger mean number of pulses per second. It 
will be observed that an output pulse now 
frequently occurs before the effect of the 
previous one has died out, and that the 
mean d.c. level has risen noticeably. 

In waveform (g), the input noise band- 
width has been further increased, to 6 kHz. 
The fine detail in this waveform is due, of 
course, to the individual pulses, but it is 
evident that there is an increase in the low - 
frequency random variations also. It was 
mentioned that, in real life, a very large 
number of pulses normally occurs in a time 
equal to the reciprocal of the maximum 
frequency reproduced, so that the fine detail 
due to the pulses themselves will not then be 
seen. An attempt to simulate this state of 
affairs is shown in (h), where the simple 
filter shown has been inserted at the c.r.o. 
input to attenuate the high- frequency 
components. The two waveforms in (h) 
both have their zero at the bottom of the 
picture, and were obtained with noise band- 
widths of 400 Hz and 3 kHz at the input to 
the limiter. It will be seen that the filtering 
action is not severe enough to remove 
evidence of the pulses themselves from the 
lower trace, but has almost done so in the 
upper trace, which consequently looks 
almost like normal Gaussian noise. For 
waveform (j), also for 400 Hz and 3 kHz 
input bandwidth, the capacitors in the CR 
filter shown were increased to o.g µF each, 

if While this is white noise (up to a certain fre- 
quency), it is far from having a Gaussian distribution. 
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and the timebase is ten times as slow. It is 
now seen that the noise amplitude increases 
as the mean current increases, and that even 
the lower trace shows some semblance of a 
Gaussian distribution. 

(Note: In waveform (e), it will be seen 
that the sharp vertical edges of the pulses are 
all of substantially equal heights, whereas in 
(f), and to an even greater extent in (g), this 
is not always true. This is a defect of the 
system very hastily rigged up, and occurs 
because, at high mean pulse rates, a 
negative -going pulse (see waveform (c)) 
sometimes occurs so soon after a positive - 
going one that it prevents the unidirectional 
pulse (see (d)) generated from the positive 
going pulse from having as large an area as it 
should have. This defect, however, does not 
invalidate the general conclusions.) 

The Schottky formula, i.e. equation (9), 
may be used to determine the shot -noise 
current in a semiconductor diode to which a 
constant d.c. voltage of either polarity is 
applied, provided the diode current is virtually 
all reverse current or all forward current. 
Referring to the diode equation below, this 
means one of the terms "A" or "B" must 
dominate. However, when the applied 
voltage is very small, 

I = jo (e9VedkT - 1) . . . (10) 
A B 

the two terms are of the same order, and 
then each will contribute its own separate 
component of shot noise. Since the two 
components are uncorrelated, the total shot 
noise current is given by: 

iN2 = 2gBlo(e2Vd`IkT + 1) (11) 

In particular, when Va, = o, the above 
equation shows that we get equal contribu- 
tions from the two terns, giving:- 

[iN2)vae =o = 4g10B . . . . (12). 

Now by differentiating equation (1o) above 
with respect to Vac, it is easily shown that: 

kT 
lo 

gro 
(13) 

where ro is the small signal a.c. resistance 
of the diode with zero d.c. voltage applied. 

Hence equation (3) above becomes:- 

4kTB 
(14) iN2Jvae=o = ro 

. . . . (14 

This, as one would expect, agrees with 
equation (8), the Nyquist formula for the 
short -circuit Johnson noise current from a 
resistance, and indeed points the way to one 
method for proving Nyquist's formula. 

A further interesting fact easily deduced, 
is that if a semiconductor diode is forward 
biased, so that the forward shot noise 
component dominates, then the mean 
squared noise current in the diode (if 
biased by a fixed voltage), or the noise 
voltage across the diode (if biased by a fixed 
current), is of only half the magnitude which 
would apply for a resistor having a value 
equal to the diode a.c. resistance. 
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That a device can produce less noise than 
pure Johnson noise, yet have a purely 
resistive impedance, may seem very sur- 
prising at first sight; but it should be noted 
that a diode passing current is receiving 
energy and is not in thermal equilibrium - 
thus violating a basic assumption on which 
the theory leading to the Nyquist formula is 
based. (Another situation giving less noise 
than would be predicted by the Nyquist 
formula is when we obtain a low resistive 
impedance at the input of an amplifier by 
means of shunt negative feedback via a high 
value of feedback resistor -this resistive 
input impedance is also unusually noise - 
free.) 

If we feed a diode with steady d.c. from a 
high voltage supply via a high resistance, 
there cannot be any appreciable shot noise 
current, so the charge carriers must traverse 
the diode junction at regularly spaced time 
intervals. It would seem a fair question, 
however, to ask how the carriers inside the 
diode know they must behave in this noise- 
free manner ! The answer, of course, is that 
the voltage across the diode develops a 
random noise fluctuation of just the right 
magnitude to make the carriers arrive at a. 
constant rate. This effect is somewhat 
similar, in essence, to the "space- charge 
smoothing" effect in a thermionic diode in 
which the available emission from the 
cathode is much greater than necessary for 
supplying the anode current. A cloud of 
electrons, or space charge, forms near the 
cathode, and movements of this space 
charge under the influence of the anode 
current charge carriers affects the velocities 
of the latter in such a way that they arrive at 
the anode with less randomness of timing 
than would be the case if there were no space 
charge. 

In semiconductor diodes, under normal 
circumstances, there is no space -charge 
smoothing, and "full shot noise ", as given 
by the Schottky formula * * *, is obtained. 
The main complicating factor in practice is 
flicker noise, but this will be discussed later. 
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* ** The shot noise formula is usually given in the 
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Improved 525/625 TV 
Standards Converter 

One major drawback of the B.B.C.'s existing 
television standards converter* for con- 
verting American 525 -line pictures to British 
625 -line pictures -a black border round the 
displayed picture -has now been overcome, 
as viewers of the Mexico Olympic Games 
programmes will have seen. A new type of 
electronic converter, developed by the B.B.C. 
Research Department, has been put into 
operation at the B.B.C. Television Centre, 
London, and this redistributes the informa- 
tion from the American 525 /60 -field p.s. 
pictures into European 625 /50 -field p.s. 
picture format in a different and more com- 
plex manner. 

The redistribution is achieved partly by 
an "interpolator" which, from the 525 /60 
input signal, produces a new set of lines to- 
gether with an extra 50 lines during each 
input field, and puts into these "empty" 50 
lines (100 for a complete picture) signal 
information obtained by interpolation. The 
process involves filling in information be- 
tween adjacent lines of an input field, and in 
order to derive the correct signal values to be 
interpolated one television line must be tem- 
porarily/Stored until the next arrives. This is 
done in ultrasonic delay units of one -line 
delay time. There is also signal interpolation 
between adjacent lines of a picture, and this 
requires ultrasonic stores of one -field delay 
time. 

Since each input field already has its full 
complement of lines the generation of 50 
extra lines means that occasionally two 
separately interpolated lines occur 
simultaneously. The output of the interpo- 
lator is therefore fed into a unit called the 
main store which re -times the lines so that 
they emerge in a continuous train, and this 
process of re- timing results in the expansion 
of each "American" field by 3 +ms to the full 
time of a British field (20ms). In the final 
displayed picture it is not possible to point to 
particular lines and say that these are the 
"extras" because in fact the interpolated 
signal information is distributed over the 
entire picture. 

The earlier standards converter entailed 
the use of an intermediate video tape record- 
er because the American /British field fre- 
quency ratio is not the integral ratio of 
precisely 6:5 required by that converter but 
actually 59.94:50. In the new machine this 
problem has been avoided in the timing 
system, which allows a non-integral ratio to 
exist between the input and output field 
frequencies, so that now direct "live" stan- 
dards conversion is possible. 

*Colour TV Standards Converter ", 
Wireless World, Oct. 1967, p.476. 
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Filling the Light -Radio Gap 
Classical and quantum techniques for generating sub -millimetre waves 
described at MOGA 68 conference, Hamburg. 

Although we have always known, theoret- 
ically, that light and radio waves are both 
forms of electromagnetic radiation, the two 
bodies of technique, optics and radio en- 
gineering, have hitherto been self -contained 
and isolated from each other. The coming of 
the laser radically changed the situation, in 
that here was a device producing radiation 
in the optical region of the spectrum that 
was coherent in the same manner as radio 
transmissions. Initially the two classes of 
generator were still far apart in the frequen- 
cy spectrum, but now, with r.f. techniques 
producing shorter and shorter wavelengths 
and lasers generating longer and longer 
wavelengths, the two have finally met in the 
middle -in that interesting region known as 
the far infrared by optics people and sub - 
millimetre waves by radio people. Indeed, to 
judge from information presented at the 
recent MOGA 68 conference in Hamburg* 
they have not only met in the middle but 
overlapped, as shown in the chart below. 
While F. K. Kneubuhl, of the Eidgenussische 
Technische Hochschule, Zurich, was talking 
about an iodine cyanide gas laser operating 
at wavelengths extending up to 0.774mm, in 
another session B. B. Van Iperen, of Philips 
Research Laboratories, Eindhoven, was des- 
cribing a new type of Idystron tube, incor- 
porating a frequency multiplier, for produc- 
ing wavelengths as short as 0.46mm. (Note 
that although the "1" in laser comes from 
"light ", the word laser is now generally 
applied to all devices producing photons by 
atomic energy -level transitions -quantum 
* The 7th International Conference on Microwave and 
Optical Generation and Amplification, Hamburg, 
16th -20th September. 
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electronic devices - whether the resulting 
radiation is visible or not.) 

If the mere closing of the gap in the 
spectrum were not enough to demonstrate 
that the radiations from the two classes of 
generator were identical, some of the other 
work described at Hamburg certainly was. 
For example, M. A. Pollack, of NASA, 
U.S.A., outlined a technique for mixing the 
output of a 147.7GHz klystron oscillator 
plus frequency multiplier with the 118µ m 
wavelength radiation from a water -vapour 
laser (frequency about 2500GHz), to obtain 
a beat frequency which was amplified by an 
i.f. amplifier and displayed on a c.r.o. The 
mixing of the `optical" and radio waves was 
done in a gold electroformed waveguide 
structure containing a specially made 
point -contact diode constructed from silicon 
semiconductor and an electrochemically 
formed tungsten point. As Mr. Pollack spoke 
of the extremely critical, delicate contact 
needed in this device one was inevitably 
reminded of the catswhisker crystal detector 
of half a century ago, working in a some- 
what different frequency band. The object of 
these NASA experiments has been to 
measure the frequency and investigate the 
coherence of the sub -millimetre laser radia- 
tion with a view to its possible applications in 
space. 

Pollack also mentioned an experiment in 
which oscillations from microwave electron 
tubes were shown to have harmonics in the 
"optical" (far infrared) region. It had been 
demonstrated, by mixing the 47th harmonic 
from a 70GHz klystron with the 11th har- 
monic from a 300GHz carcinotron and ob- 
serving the beats that a frequency of about 

0.46mm 

3000GHz {0.1mm wavelength) was present. 
Working from the opposite direction, a Rus- 
sian scientist at the conference, E. G. Solo- 
vier of the U.S.S.R. Academy of Sciences, 
described experiments in heterodyning the 
outputs of two lasers to obtain a difference 
frequency in the microwave radio band -ac- 
tually 20GHz. An even lower difference 
frequency, in the X band (7- 12GHz), was 
claimed to have been achieved by optical 
mixing in a single laser, in a paper by H. 
Inaba and T. Hidaka of Tohoku University, 
Japan. Here the difference frequency was 
produced from components of the radiation 
of a ruby laser, and the ruby rod of the 
device, 60mm long and 6.8mm in diameter, 
acted riot only as the active medium for 
stimulated emission but also as a dielectric 
microwave cavity for the difference frequen- 
cy. The X band signal was detected by a 
microwave superheterodyne receiver through 
a coupling iris in an end plate of a 
waveguide supporting the ruby rod. 

Just as different methods of generation 
can now be used to obtain a given frequency 
in the sub -millimetre /far -infrared region so 
can different techniques of detection be em- 
ployed for that frequency, and what were 
specifically either "radio" or `optical" me- 
thods we no longer confined to these tradi- 
tional fields. Pollack's use of a point -contact 
diode for laser radiation was one example, 
while the output of Van Iperen's 0.46mm 
ldystror was detected with a Fabry-Perot 
interfemmetert and a Golay cell.$ 

+ Resonating device using facing mirrors to enhance a 
given wavelength -as in lasers. 
$ Gas cell it which infrared energy is absorbed and 
detected a; temperature and pressure changes. 
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Although the work described at Hamburg 
was mainly research, interest in the sub - 
millimetre /far - infrared region is not entirely 
academic, as there are possibilities for use in 
communication, radar and navigation. In 
terms of hardware it offers something be- 
tween the long range and large aerials of radio 
equipment and the extremely high resolu- 
tion and compact size of optical systems. The 

main problem is the high absorption of ra- 
diated energy at these wavelengths in the 
earth's atmosphere- between lmm and 
5Opm there are about 150 water vapour 
absorption lines in the spectrum. But of 
course for space travel applications this 
problem does not arise. Perhaps the main 
incentive for further work is the enormous 
information carrying potential of this region. 

Optical Communications 
Practical devices operating within the visible 
part of the electromagnetic spectrum 

Optical communications techniques are 
based on the use of electromagnetic radiation 
in frequency bands which fall within the 
visible spectrum, for carrying transmitted 
information. Because light frequencies are 
very high, an optical system which used the 
whole gamut of the visible spectrum could 
accommodate 100 million television channels 
or 1000 times as many voice channels, so 

that the transmission of light could provide 
the solution to the overcrowding of broad- 
cast transmissions and telephony in the radio 
frequency bands. A further advantage is that 
light can be radiated in very narrow beams, 

Optical transceiver made from ordinary binocu- 
lars. 
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making it possible to employ separate systems 
physically close to each other without mutu- 
al interference. 

At the Ministry of Technology's Signals 
Research and Development Establishment, 
Christchurch, Hants, work has been carried 
out on optical communications for military 
purposes, since this method is virtually un- 
detectable by enemy observation and the 
information cannot be tapped. There is no 
extraneous radiation from the light beam as 
there would be, for example, from a copper 
conductor, and the information can only be 
received at the point to which it is directed. A 
number of military developments using op- 
tical communications have recently become 
unclassified, and S.R.D.E. are now actively 
interested in their industrial and com- 
mercial applications. Some activities have 
been sponsored by one or two companies 
who are now manufacturing similar devices 
for sale on the civilian market. 

Although a number of practical systems 
are already a reality for short -distance com- 
munication, and suitable light sources and 
detectors exist, there is still a problem of 
transmitting light from place to place. Trans- 
missions through the atmosphere become 
impaired in poor visibility conditions, during 
fog, rain or snow and in extreme cases may 
fail completely. To provide an optical path 
which is unaffected by weather conditions, a 
proposed method is the use of a narrow glass 
fibre, through which the light is passed, clad 
with a glass sheath of lower refractive index 
to ensure that the light is guided along the 
centre core. Overall diameter of the glass 
fibre is approximately 0.01 cm and the band- 
width, which is dependent on the type of 
construction used, can be greater than 
103MHz. 200 separate fibres can be packed 

As can be seen from the chart on the pre- 
vious page, the bandwidth available in the 
sub -millimetre region alone- 270GHz -is 
nine times as great as that of the whole radio 
spectrum below it. 

A further report from the MOGA 68 
conference will deal with the increasingly 
important field of solid -state devices for oper- 
ation at microwave frequencies. 

into a diameter of 025cm. Optical glass at 
present available has attenuation in excess of 
200dB per km but attempts are being made 
to make suitable glass and fibre with the 
desired minimum attenuation of 70dB /km. 
Gallium arsenide lasers are suitable as a light 
source, because ` the glass fibre attenuation 
is at a minimum at the gallium arsenide laser 
radiation wavelength of 0.9p and also 
because these devices can be modulated 
directly, while silicon photodiodes, which 
operate in the near -infrared region, can be 
used as detectors. Ideally though, the system 
has to have a more efficient light source and 
improved detector performance before it be- 
comes a practical proposition. Also the light 
source and detector devices should be of 
sufficiently small physical dimensions to en- 
able them to be fabricated into the ends of 
the glass fibre during manufacture. This 
would eliminate subsequent alignment of 
these devices with the light beam, leaving 
only conventional electrical terminations to 
be made. For communications over longer 
distances, repeater amplifiers could be insert- 
ed between lengths of glass fibre. 

The rate of progress in developing com- 
munication systems which rely on light pro- 
pagation in glass fibres is determined mainly 
by the rate at which the problems of manu- 
facturing fibre from glass with the required 
properties can be resolved. Work has been 
carried out on two types of fibre. One is des- 
cribed as a single -mode or waveguide fibre 
which is capable of providing only 3 or 4 
modes of transmission. It has a bandwidth of 
approximately 10,000MHz over lkm and is 
most suitable where very wide -band single - 
channel systems are required, such as for 
inter -connecting computers or for very wide - 
band data handling. In the alternative type, 
multi-mode fibre, hundreds of transmission 
modes are possible, but with a much smaller 
band -width (approximately 5MHz over 1 km). 
This type of fibre is more suitable for use where 
a number of separate channels of information 
are required, such as for television con- 
ference facilities, although each fibre in a 
multi -core assembly of, say, 200 fibres, re- 
quires its own light source and detector. The 
second fibre type is the one chosen for 
detailed study by S.R.D.E. 

The prospect of using wide -band glass fibre 
cable in opto- electronic systems that would 
replace conventional copper telephone cable 
systems has been enhanced by a recent an- 
nouncement by the Post Office Research 
Station, Dollis Hill, London, that raw 
materials necessary to make the required 
high -quality glass are now available. 
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Modulation of the light so that it will 
carry information is another difficulty and at 
S.R.D.E. the simple amplitude modulation 
used in previous optical links has been 
abandoned in favour of a sophisticated pulse 
frequency modulation system operating at a 
p.r.f. of 20kHz. Speech is converted into the 
pulse -coded electrical signals and these are 
amplified to drive a room -temperature GaAs 
laser. The emitted pulses of infrared light are 
transmitted along the length of glass fibre, 
detected by a photodiode and subsequently 
converted back into speech. 

One commercial piece of equipment de- 
signed for modulating a laser light beam is 
produced by Elliott Brothers of, Camberley, 
Surrey. Called optical modulator EOM /727, 
it comprises the modulation unit proper, 
which is inserted in the path of the light 
beam, and a solid state electronic control 
unit, connected to the modulator by a flex- 
ible lead. Described by Elliott's as an ampli- 
tude modulating system, it causes informa- 
tion to be imposed on the light beam by 
varying the angle of polarization as the beam 
passes through the modulator unit. A calcite 
prism is used in the modulator. A feature of 
the system is the low drive voltage used, 
150V at 0.63 micron, which makes possible 
the use of transistor circuitry. Previous 
types, of American origin, have required 
drive voltages of up to 8kV. The modulator 
operates from 220 -240V a.c. mains and has 
a bandwidth of 6MHz. It is suitable for use 
with a laser beam in communication or display 
systems and was seen at S.R.D.E. modu- 
lating a 625 -line television signal onto a laser 
beam which was then demodulated and fed 
to a monitor receiver. 

The physics department of Essex' Un- 
iversity has been investigating opto- electronic 
communications over a distance of five miles 
with carbon -dioxide lasers. It is reported that 
a very high degree of reliability could be 
achieved over distances of up to 20 miles 
using this method. What is said to be the 
most powerful pulsed carbon dioxide -laser in 
the world has just been installed at the 
University. This is a 70ft system with an 
instantaneous peak output of 250kW. 

Laser beam modulator unit. 

Among the optical equipment recently 
put on show at S.R.D.E. was an audio 
two-way link -up via two pairs of specially 
adapted, but otherwise normal binoculars 
over a distance of about 150 yards. One 
eye -piece was used as the transmitter and the 
other as the receiver, with a gallium arsenide 
lamp source emitting a narrow infrared 
beam and a photodiode as a detector. The 
equipment can be hand -held and aligned by 
using the binoculars in the usual manner. 
These transceivers have a moderate range, 
requiring a line-of-sight path with good 
weather conditions. Applications might in- 
clude building construction and surveying. 
The pairs of binoculars must be aligned 
within 0.5 deg and when this requirement is 

fulfilled, normal conversation is possible be- 
tween two people wearing only a lightweight 
headset and mouthpiece combination. 

A practical domestic application for glass 
fibre cable is in motoring -a road -light fai- 
lure warning system which transmits light 
from a tail light cluster via a fibre -optic link 
to a monitor in the car. 

Designing 
Circuits for 
Integration 
Contrary to earlier ideas, it is now quite 
possible for electronic equipment designers 
to design their own integrated circuits, in 
collaboration with the i.c. manufacturers 
who will actually produce the devices. At an 
I.E.E. / I.E.R.E. /I.E.E.E. conference in Cam- 
bridge, D. R. Hester of Plessey outlined what 
sort of demands are made on the outside 
engineer if he wishes to make use of the 
facilities for "i.c. custom design" provided by 
a manufacturer. First of all he must be 
prepared to undergo a period of training 
with the i.c. manufacturer, and in the case 
of Plessey this would probably be a course of 
three months, working on a specific circuit 
project. In the actual process of design the 
trainee has to work within (a) the component 
characterization data resulting from the ma- 
nufacturer's process, (b) a set of "worst 
case" limits on the component data, and (c) a 
set of layout rules, including such pa- 
rameters as the distances necessary between 
junctions to allow for diffusion and photoen- 
graving misalignment. 

What Mr. Hester considered the most 
significant constraint on the designer was 
that he had to be prepared for a restricted 
use of the "breadboard ". The reduced lead 
lengths and header capacitances within a 

semiconductor chip, said Hester, often made 
it impossible to simulate an integrated cir- 
cuit accurately in breadboard form, and so it 
was necessary to determine the circuit per- 
formance by calculation. Furthermore, the 
calculations had to be correct. Once an i.c. 
chip had been made its components were 
fixed, and the cost in time and money of 
correcting a mistake was quite significant. 

It had been found best to proceed as far as 

possible with a paper design, using com- 
puter -aided design techniques whenever 
they were available. The next step was to 
simulate the circuit as nearly as possible in 
breadboard form, using active components 
provided by the i.c. manufacturer and con- 
ventional passive components. The perfor- 
mance of the breadboard would be predicted, 
and then measured to check the accuracy of 
the design theory. Modifications to the bread- 
board and the calculations would then be 
carried out until the designer was confident 
that he understood his circuit, when he 
would be in a position to predict the perfor- 
mance of his i.c. for comparison with the 
specification. 

Hester warned that the designer had to 
calculate in advance the effects on his circuit 
of the parasitic capacitances within a chip, 
and the resistance of the aluminium inter- 
connections etc. Some circuits, particularly 
for high speed or high frequency applica- 
tions, were critically dependent on the chip 
layout, and it had always been necessary to 
ensure that the responsibility for chip layout 
would be borne by the designer himself 
rather than by, say, the mask -making de- 
partment or the drawing office. 

One implication of this demand for more 
thorough initial design, said Hester, was, of 
course, that it took longer and cost more, 
although this was not necessarily the wrong 
place to invest in engineering effort. It had 
been found, for example, that a design team 
might fall well behind schedule for "A" 
model circuits, and yet easily catch up dur- 
ing the "B" model phase, for most circuits 
went unaltered into the `B" model equip- 
ment. The photoengraving masks would 
have been completed and so the circuit 
could be put into production quite quickly. 

Northern I.E.A. show? 
An exhibition, which might well become the 
Northern counterpart of the London Instru- 
ments Electronics and Automation Exhibi- 
tion was held in Manchester at the end of 
September. Organized for the past 17 years 
by the Institution of Electronics, it has 
grown from a small instrumentation exhibi- 
tion held at a college to a sizable show 
embracing the whole field of electronic com- 
ponents, instruments and controls. About 60 
exhibitors participated and several of them 
have not been seen at a London show. 

The four -day exhibition, which was 
opened by Dr. Jeremy Bray, joint Parliamen- 
tary Secretary, Ministry of Technology, in- 
cluded a series of lectures and de- 
monstrations. Among the speakers was T. D. 
Towers, of Newmarket Transistors, who gave 
a series of three lectures on semiconductor 
surface mounting devices; K. J. E. Burge, of 
Wyvem Organs, who, with J. P. Mitchell, 
described and demonstrated an electronic 
organ; A. M. Martin, of International Recti- 
fier Co., who gave several lectures including 
one on developments in high -power fast 
mm-off diodes and thyristors; and A. J. 
Barnes (Texas Instruments) who dealt with 
digital Les. 

A number of products were on show for 
the frrst time and some of these will be dealt 
with in subsequent issues. 
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Electronics at Farnborough 

A glance at some of Britain's latest avionic equipment 

Farnborough has been described as the shop 
window of the British "avionics" industry 
and the most valuable show to exhibitors as 
far as orders are concerned. The adverse 
weather conditions immediately preceding 
the opening did little to dampen the enthu- 
siasm of visitors from 120 countries in spite 
of the fact that the airfield rapidly became a 
sea of mud. Some amusement was caused by 
the television report of a fish captured on the 
main runway -presumably on a "cross 
country" from the nearby canal. 

Radar 

Described as the big brother of the Plessey 
AR -1 recently installed at Farnborough the 
company introduced a new large primary 
radar known as the AR-5. Operating in the L 
band (23cm) the AR -5 has a maximum range 
of 200 nautical miles providing coverage up 
to 80,000 ft. A moving target indicator 
(m.t.i.) system is incorporated which allows 
only echoes from moving targets to be 
displayed thereby eliminating clutter caused 
by stationary objects -buildings, parked 

aircraft and the like. (Potted spec.: 
wavelength -23cm; p.r.f.- 350p.p.s.; rota- 
tion rate--8 r.p.m.; noise factor- 3.5dB.) 

Marconi were showing the S600 modular 
radar system which was announced recently. 
Modules available enable 5.5, 10 and 23cm 
radars to be built up for a wide variety of 
fixed -station and mobile civil and military 
applications. Taking the SG54 as an exam- 
ple; this is a 23cm surveillance radar system 
intended for air traffic control. In order to 
reduce clutter an m.t.i. system is incorporat- 
ed and, in addition, two beams are used. 
Two separate radiators share the same re- 
flector and are arranged to produce beams 
that are displaced from each other in the 
vertical plane. The radiáting elements share 
a common receiver via a fast -acting r.f. 
changeover switch. The changeover is made 
in every interpulse period at a pre- 
determined range, typically 15 nautical 
miles. The technique is claimed to reduce 
clutter significantly because at short range, 
where clutter is worst, signals are derived 
from a beam having little gain at low eleva- 
tion angles. (Potted spec.: frequency -1250 
to 1365MHz tuneable; peak power -2MW; 

The AR -5 primary radar. A secondary radar scanner can be attached to the same mounting. 
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pulse length -1.5 to 5 ,u s; p.r.f. -250 to 
850p.p.s.; noise figure 2.5dB.) 

The latest version of the Cossor s.s.r 
transponder, type SSR2100, which is 
fitted to the Concorde prototypes, was 
shown. This makes extensive use of inte- 
grated circuits in the processing and i.f. 
sections. Coding and decoding is performed 
by two digital shift registers operating in 
parallel from two phases of a crystal 
controlled clock generator. Built -in logical 
redundancy ensures that in the event of 
an i.c. failure the system still replies with 
50% fidelity to 80% of the received 
interrogations. Cossor have just received 
an order for this transponder from the 
Ministry of Technology. Although full 
details of the order have not been revealed it 
is understood that the equipment will be for 
use in Royal Air Force aircraft. (Potted spec.: 
Tx frequency- 1.09MHz; Tx power out - 
put-500W; Rx frequency- 1.03MHz; rep- 
ly codes -12 information pulses with 4096 
possible combinations; temperature range - - 26 °C to + 55 °C, convection coding.) 

The Plessey PTR446 s.s.r. transponder 
was also on show. An order worth £1M was 
recently announced for this equipment by 
the Ministry of Technology. Group Captain 
E. Fennessy, managing director of the Ples- 
sey Electronics Group, said that he ex- 
pects an international market for s.s.r. 
equipment of £4M over the next five years. 

Secondary radar ground installations were 
shown by Plessey, Cossor, and Marconi - 
Elliott. The aerial for the Plessey system is 
arranged so that it can be mounted atop the 
previously described AR -5 aerial. The Mar- 
coni- Elliott system is called "Challenger" and 
allows for two distinct modes of operation 
-active and passive. In the active mode a 
ring marker placed over the aircraft plot on 
the radar display causes the identification 
and height of the aircraft to be displayed. In 
the passive mode all aircraft plots are elimi- 
nated from the screen with the exception of 
the one the controller is interested in. This is 
achieved by making the system respond only 
to the identification code assigned to the 
wanted aircraft. 

Solartron's selective moving target indicat- 
or equipment was displayed. This limits the 
effects of tangential fade when m.t.i. is used 
for the suppression of ground radar returns. 
The s.m.t.i. was fitted to a video map in the 
Solartron mobile demonstration unit which 
was fed from Farnborough's AR -1 radar. 
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Expanded polystyrene granules being poured 
into a mould at the components group 
of Plessey during the manufacture of radar 
absorbent material. After processing the 
material will absorb radiation from 0.75 
to 30GHz. 

Video signals processed by the s.m.t.i. were 
then distributed to other stands. The s.m.t.i. 
equipment is being installed at the new West 
Drayton air traffic control centre and at 
Heathrow. 

Ekco displayed the weather radar for Con- 
corde (described in the anide "Electronics in 
Concorde ", March 1968 issue), a smaller 
weather radar -type E90 -for feeder line 
and executive aircraft and a new tactical 
radar. The latter is fitted to Wessex Mk III 
helicopters and will also be fitted to the 
Westland Sea King when it enters service. In 
addition to displaying primary returns from 
targets with ranges up to 50 nautical miles, 
the equipment also displays secondary radar 
signals from aircraft in the vicinity equipped 
with transponders and range and bearing of 
sonar contacts are also shown. Primary and 
secondary returns can be displayed separate- 
ly or simultaneously in any one of three 
modes, conventional p.p.i., ground stabilized 
or ground stabilized with offset. 

Coincident with the Farnborough display 
Ferranti announced an order from the 
Netherlands Government Purchasing Office 
acting on behalf of the Department of Civil 
Aviation for a radar simulator. The equip- 
ment, which is worth £100,000, is to be 
installed at a training school for approach 
and area radar controllers at School Air- 
port, Amsterdam. The simulator, which is 
based on the FM160b miniature digital 
computer, will simulate the movements of 
up to 30 aircraft within the Amsterdam 
region and will represent one approach 
radar and one long -range radar. 

Navigation 

The type 5 lightweight automatic h.f. 
direction finder exhibited by E.M.I. is a 
commercial version of an equipment 
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designed for military use. The loop aerial, a 
capacitive goniometer, employs a matching 
method which uses a wideband tuning tech- 
nique and an aerial sense pre -amplifier that 
allows the aerial to be mounted at virtually 
any distance from the receiver. The receiver 
employs a crystal- controlled local oscillator 
and uses frequency synthesis to cover the 
operating band. (Potted spec.: frequency 
range- 100kHz to 3MHz, sensitivity 
25µV /metre, accuracy ± 2° at 25µV /metre.) 

A moving map display from Marconi, 
AD670, when used in conjunction with 
associated computer, indicator and controller 
forms a complete aircraft navigational sys- 
tem. The system accepts inputs from ground 
or self-contained aids and provides aircraft 
position outputs on a counter and on the 
back-projected moving map. Outputs are 
also available for feeding an automatic pilot 
directly and for correcting an inertial or 
heading reference stabilized platform. 
Marconi also displayed a v.o.r./i.l.s. navi- 
gation system, type AD270, which receives 
and processes instrument landing system 
glide path and localizer signals. 

The Decca DANAC is claimed to be the 
simplest pictorial display navigation system 
yet devised, as the setting up operation has 
been reduced to pushing a single button. 
The complete equipment consists of a Mk.15 
receiver, DANAC computer, control box and 
self -setting display head type 966. Aircraft 
position is superimposed on a moving 
roller- chart, pilot involvement being reduced 
to setting the aircraft's starting position on 
the display. Decca also showed the type 72 
doppler as specified for the Anglo-French 
Jaguar and the type 71 which has been 
ordered by the Swedish navy. A new Loran, 
type ADL22 was also exhibited. 

A mini -doppler, type ÁD510, first shown 
at the German air show earlier this year was 
to be found on the Marconi stand. Intended 
for use in helicopters and small aircraft for 
up to supersonic speeds the equipment con- 
sists of two units, an aerial unit measuring 
30.5 X 30.5 X 10cros and an electronics 
unit housed in a short á ATR case. 

Instrumentation 

An equipment from Elliott Automation will 
enable a check to be made on the accuracy of 
both airborne and ground automatic landing 
installations. A number of sensors of various 
types located along the line -of- flight allow a 
record to be made of the progress of an 
aircraft engaged in landing from a height of 
60m to a point about 1,400m past the 
runway threshold where nosewheel steering 
is initiated. Before the runway threshold a 
landing aircraft passes in "view" of a num- 
ber of photoelectric sensors which are 
arranged in such a way to make it possible 
to compute the aircraft's approach, lateral 
and vertical speed, height and position. Geo- 
phones (seismic detectors) located at strategic 
positions along the flight -path register the 
touchdown point, bounce and give an idea 
of the severity of the impact. Infra -red de- 
tectors at intervals down the runway allow 
the progress of the aircraft to be recorded 
and give information on speed and position 
relative to the centre -line. The outputs of all 

the sensors are fed to a central processor 
which produces a punched tape containing 
all the relevant data for analysis by a general 
purpose computer. Interlocking facilities are 
such that signals due to aircraft taking off, 
low velocity vehicles and over -flying birds or 
aircraft are ignored. Although the equip- 
ment has been ordered for use at the Blind 
Landing Establishment at Bedford it is a 
matter for some conjecture as to whether 
other airfields will consider the equipment 
necessary. On the Elliott stand, rather hope- 
fully, a chart showed how the system could 
be installed at Heathrow. 

Talisman is the name of an infra -red line 
scan equipment that is installed in a recon- 
naissance pod developed by E.M.I. The pod, 
housing Talisman and other equipment, will 
be fitted to the F4M Phantom. Infra -red 
radiation depends upon the temperature and 
the emissivity of an object. Thus any target 
whose temperature or emissivity differs from 
its surroundings may be detected, even if, in 
the latter case, the temperatures are the 
same. In Talisman strips of ground are 
scanned by mirrors driven by an air turbine. 
The mirrors are focused on to a bank of 
infra -red sensors the outputs of which feed 
light sources so that the information can be 
recorded on film. 

The radiation detector designed by 
A.W.R.E. for Concorde and now being 
manufactured under licence by S. Davall and 
Sons Ltd. was on show. The system detects 
the ionizing and neutron radiation that 
could be expected to be found in the cabin 
of an aircraft cruising at high altitude and 
displays this on an indicator. The indicator 
also houses two small lights which signify 
"alert" and "action" conditions. In addition 
an output is provided that activates the 
master and audio aircraft central warning 

The SSR 2100 miniature . transponder 
from Cossor. 

Moving map display from Marconi. 
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Ferranti FM1600B Computer. 

Capacitance bridge for aircraft use from 
Thorn- Bendix. Range is from 1 to 1000pF 
with an accuracy of ± 1%. 

systems should "action" conditions be 
encountered. 

Up to 300 parameters can be sampled at 
rates from 32 per second to 2 per second in 
the PV740 aircraft integrated data system 
from Plessey. Information from various 
sources within the aircraft is digitized and 
either recorded in the aircraft or transmitted 
directly to ground via a radio link. In this 
way a complete record of the performance of 
all the aircraft systems can be kept through- 
out their operating lives. 

Other equipment and components 

Plessey Electronics Group announced a 
combined u.h.f. /v.h.f. airborne transceiver 
known as the PTR377. The equipment, 
which has been developed by the Radio 
Systems Division, is specified as standard 
equipment for the Jaguar and Harrier 
aircraft and the Anglo-French helicopters. It 
operates over the 100 to 156MHz and the 
225 to 400MHz bands and provides radio- 
telephone communication on a.m., data 
transmission on f.s.k. and homing in azimuth 
at both v.h.f. and u.h.f. If required, it can be 
adapted to r.t. operation on f.m. All frequen- 
cies are derived from a single highly stable 
crystal controlled source. The resultant fre- 
quency stability over an ambient tempera- 
ture range of -55 to + 70 °C permits opera- 

tion at 25kHz channel spacing up to 
400MHz. Channel spacing is normally 100 
kHz for data and 50 or 25kHz, preset or 
switchable, for r.t. The PTR 377 provides up 
to 7,000 channels in the u.h.f. band and 
2,240 in the v.h.f., any one of these 9,240 
channels being selectable by the flight deck 
control unit on decade selection knobs. 
Alternatively, single switch selection of 19 
preset channels anywhere in the range is 
provided. Two of these would be the inter- 
national distress call frequencies of 121.5 
and 243MHz, for which completely inde- 
pendent guard receivers are incorporated in 
the transceiver. 

A v.h.f. transceiver operating between 
117.95 and 135.975MHz using 25kHz chan- 
nel spacing with facilities for single channel 
voice operation, the air traffic control 
signalling system and reception of ground 
stations using multi- carrier techniques was 
shown by Marconi. The equipment, type 
AD170, employs a control unit that will be 
able to control more than one transceiver 
using memory circuits. 

A range of connectors from Amphenol, 
incorporating r.f. suppression networks in 
the pin contacts was shown for the first time 
at Farnborough. They have an insertion loss 
of 30 to 70dB over the frequency range 
40MHz to 1GHz and are rated at 3A d.c. 
maximum. 

A flight line test set for evaluating the 
performance of i.l.s. v.o.r. equipment was 
shown by Cossor. The test set, type 
CRM588, provides outputs at the localizer 
and glide path frequencies, 108.1 and 
334.7MHz, and at the v.o.r. frequency, 
108MHz, with an accuracy of +0.0035 %. A 
marker at 75MHz ±0.005% is also incorpora- 
ted. Separate modulation controls for the 
localizer and glide path carriers are provided 
so that equipment associated with the i.l.s. 
system can also be checked. 

Announcements 
`Audio and Acoustic Measurements' is the title of a 
12- lecture course to be held on Thursday evenings 
from October 24th at The Northern Polytechnic, Hollo- 
way Road, London N.7. Fee 3 gn. 

A course of six lectures on integrated circuits (logic 
and linear applications), will be held at Twickenham 
College of Technology, Egerton Road, Twickenham, 
Middx, on Wednesday evenings commencing November 
6th. Fee £4 10s. 

£4 -M, 1,000 mile submarine telephone cable capable 
of carrying 640 (3kHz) conversations is to be laid 
between Palo, near Rome, and Estepona, south -west of 
Malaga in Spain. Equipment for the new link will be 
manufactured and installed by Standard Telephones 
and Cables Ltd., of London. The new system, designated 
MAT I, will incorporate a microwave link from Este - 
pona to the terminal at Conil in Spain where the fifth 
transatlantic cable (TAT 5) will also terminate. Another 
microwave link will connect the MAT I /TAT 5 Conil 
terminal with Sesimbra in Portugal, the European 
landfall of the South Atlantic cable (SAT I) from Cape 
Town (now 50% complete) and of the U.K. -Portugal 
cable, both of which contracts have been entrusted to 
S.T.C. 

Technograph Printed Circuits Ltd. and AGA Aktiebolog 
have entered into an agreement in which a British patent 
relating to the manufacture of multilayer printed 
circuits will be exploited. 

A joint statement has been issued by the Solarfron 
Electronic Group and the Miles Group announcing 
that the two companies are to collaborate in the design 
and manufacture of flight simulators and other civil 
and military training systems. 

Racal Electronics have announced the formation of a 
British based company, Racal - Milgo Ltd, to manufac- 
ture and market Milgo Series 4400 Data Modems, in 
association with the Milgo Electronic Corporation, of 
Miami, U.S.A. 

Microwave Associates Inc. have acquired Huggins 
Laboratories of California, U.S.A., manufacturers of 
low -power t.w.ts. Huggins has been re -named 
Microwave Associates (West) Inc., and will be represent- 
ed in Great Britain by Microwave Associates Ltd., 
Cradock Road, Luton, Beds. 

Microwave Instruments Ltd., of Park Lane, Shiremoor, 
Northumberland, have been appointed U.K. representa- 
tives for Custom Materials Inc., Chelmsford, Massa- 
chusetts, U.S.A. specialists in low -loss dielectric 
materials. 

Cosmocord Ltd., Eleanor Cross Road, Waltham Cross, 
Herts, have appointed Transatlantic Electronics Inc. of 
Hicksville, New York, as their marketing agents for the 
United States. 

The Sound Division of Peto Scott Ltd., Addlestone 
Road, Weybridge, Surrey, will in future handle all 
Pamphonic audio products. 

The Mitsubishi Electric Corporation have appointed 
Ultra Electronic (Components) Ltd., Microelectronics 
Division, 35 -37 Park Royal Road, London N.W.10, to 
handle the range of Mdoo integrated circuits. 

F.W.O. Bauch Ltd., Holbrook House, Cockfosters, 
Barnet, Herts., have been appointed sole U.K. agents for 
Wilhelm Albrecht GmbH of Berlin, manufacturers of 
sound recording equipment for use with 16, 17.5 and 
35mm magnetic film. 

EMI Electronics has been awarded an order worth 
£500,000 by the Italian engineering company Radionica 
SpA for four outside broadcast vehicles and studio 
equipment for the Libyan State television service. Each 
vehicle will be equipped with four EMI image orthicon 
monochrome cameras to be used at Tripoli and Benghazi. 

The Ministry of Technology has placed an order valued 
at almost £350,000 with the Solartron Electronic 
Group for the supply of three check -out systems 
for the British Black Arrow Satellite programme. Two of 
these systems will be automatic and under digital 
computer control, the third will be manual. 

An order valued at almost £2M has been placed with 
Pye T.V.T. Ltd. for television studio and transmis- 
sion equipment to be sited in Seoul and Pusan, Korea. 

Erie Electronics Ltd., have moved their London office 
from 1 Heddon Street, W.1, to Bilton House, Uxbridge 
Road, Ealing, W.S. (Tel: 01 -579 2041). 

The Great Northern Telegraph Works have changed the 
company name to GNT Automatic A /S. The address of 
the London office remains at 5 St. Helens Place, E.C.3. 
(Tel: 01 -588 5040). 

Granger Associates Ltd., the U.K. subsidiary of 
Granger Associates, Palo Alto, California, U.S.A., are 
moving from Walton -on -Thames to Brooklands Road, 
Weybridge, Surrey. 

Nuclear Data Inc., of U.S.A., have announced the 
commencement of their own U.K. sales and service 
organization at Rose Industrial Estate, Cores End Road, 
Boume End, Bucks. 

The Aircraft Equipment Department of Ferranti Ltd. 
are to transfer their Research and Development Section, 
located at South Hill Park Manor, Bracknell, Berks., to 
new laboratories at the Department's headquarters in 
Moston, Manchester. 

S. W. Ward & Co., the London based TV aerial instal- 
lation company, have moved from Lambert Mews, 
N.12, to 143 High Road, N.11. (Tel.: ENT 0077). 

Teknis Ltd., have transferred their Sales Department 
from the Head Office at Slough to Teknis House, 31 
Stoke Road, Guildford, Surrey. 
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F.M. Tuner Using 
Integrated Circuits 

Two integrated circuits are used in the latest f.m. tuner to 
come on the market. They provide the functions of i.f. 
amplification and f.m. demodulation, and, as can be seen from 
the simplified schematic, Fig. 1, the only external components 
they require are tuned transformers, decoupling capacitors and 
a small number of resistors. The makers of the tuner, Truvox 
Ltd., say that the use of i.cs has enabled them to provide a 
standard of performance that would cost a great deal more 
-mainly in the assembly and testing processes of manufac- 
ture-if discrete components had to be employed. (The price of 
the new tuner, which includes a stereo decoder and has an f.e.t. 
front, end, is expected to be in the region of £60.) 

Both of the integrated circuits are R.C.A. linear types 
housed in 10 -lead TO-5 packages. The first, type CA3012, is a 

wide -band amplifier with built -in power supply regulation, 
corresponding to the first part of Fig. 2 up to terminal 5. It 
consists of three direct -coupled differential- amplifier stages in 
cascade, each of the first two stages being an emitter -coupled 
amplifier and an emitter -follower. (The terminal numbers of the 
device correspond with those in Fig. 2- terminals 6, 7 and 9 

being unused.) This amplifier, which provides the high gain of 
65dB. at the 10.7MHz i.f. is preceded by a single -peak tuned i.f. 
transformer and followed by a double -peak tuned transformer, 
the two together giving the required almost flat frequency 
response ( ±0.5dB) over the i.f. nominal bandwidth of 300kHz. 
The circuit of the second integrated circuit, type CA3014, is 

shown in Fig. 2. It comprises a three -stage direct- coupled 
amplifier- limiter cascade, a power regulating system, com- 
ponents of an f.m. ratio detector, and a Darlington -pair output 
stage. The ratio detector components work in conjunction with 
an external tuned phase -shift transformer as shown in Fig. 1. 

Normally ratio detectors and discriminators use large -value 
capacitors to obtain peak rectification from the detector diodes, 
but since capacitors of this size could not be included in 
integrated circuits they have been dispensed with and instead 

Fig. 1. Simplified schematic of the if. amplifier and ratio detector 
incorporating the i.cs (not showing a.f.c. and mutiny corrections.) 
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Fig. 2. Circuit of R.C.A. integrated circuit CA3014. 

average detection is used with a substantially resistive load. 
A notable performance advantage obtained through the use 

of integrated circuits is the good a.m. rejection, which is as high 
as 50dB. Sensitivity of the tuner is 2.0 ,uV for 30dB quieting 
(I.H.F.M. spec.); i.f. rejection is 85dB and image rejection 
(119.4MHz) is 55dB. Stereo separation is 30dB at 1kHz. Audio 
frequency response is ± 1dB from 20Hz to 15kHz. 
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Personalities 

F. E. Jones, M.B.E., D.Sc., F.R.S., 
managing director of Mullard Ltd., 
has been appointed Visiting Profes- 
sor in the Department of Electronic 
and Electrical Engineering at Uni- 
versity College London, where he 
will introduce undergraduate 
students, by lecture and discussion, 
to "some of the exciting challenges 
of the modem electronics industry". 
Dr. Jones has been with Mullard 
since 1956 prior to which he had 
been 16 years in the scientific civil 
service. After graduating at King's 
College, London, in 1940 he joined 
the Telecommunications Research 
Establishment. He was appointed an 
M.B.E. in 1945 for his work on the 
blind- bombing system "Oboe ". For 
the last four years of his Govern- 
ment service Dr. Jones was deputy 
director (equipment) at the Royal 
Aircraft Establishment, Farn- 
borough. 

Robert J. Clayton, O.B.E., MA., 
F.Inst.P., managing director of 
G.E.C. -A.E.I. Research Ltd., is the 
1968 /69 chairman of the I.E.E. 
Electronics Division. Mr. Clayton, 
who is 53, took the natural -sciences 
tripos at Cambridge University, 
specialising in physics, and in 1937 
joined the General Electric Com- 
pany research laboratories. He was 
for some time manager of the group 
of G.E.C. applied -electronics labora- 
tories and later deputy director of 
the company's Hirst Research Cen- 
tre. In 1961 he was appointed general 
manager of GEC (Electronics), 
becoming managing director in 
1963. Mr. Clayton, who has been 

R. y. Clayton 
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managing director of GEC -AEI 
Research since the amalgamation of 
the two companies, has been a 
member of the electronics research 
council of the Ministry of Techno- 
logy and is chairman of its com- 
munication committee. 

John H. Westcott, D.Sc.(Eng.), 
Ph.D., D.I.C., professor of control 
systems in the centre for computing 
and automation at Imperial College, 
London, is the new chairman of the 
I.E.E. Control and Automation 

Professor .7. H. Westcott 

Division. Professor Westcott, who is 
48, interrupted his apprenticeship 
with the British Thomson- Houston 
Company to attend London Uni- 
versity, where he received a B.Sc. 
degree in electrical engineering in 
1941. On completion of his appren- 
ticeship he was seconded to the Radar 
Research & Development Estab- 
lishment, Malvern, to work on auto- 
follow radar. In 1946, he returned 
to the University to undertake 
research on the theory of servo- 
mechanisms at Imperial College, and 
during 1947 -48 he studied the 
work of Norbert Wiener on filters at 
the Massachusetts Institute of 
Technology. After obtaining his 
Ph.D., he joined the staff of the elec- 
trical engineering department at Im- 
perial College, where he was profes- 
sor of electrical engineering before 
occupying his present chair. Dr. 
Westcott has been founder director 
of three companies, and chairman of 
Feedback Ltd. since 1958. 

Gerald W. Boulton, Dynamco's 
chief engineer, instrumentation, has 
been appointed to the board as tech- 
nical director. He joined the com- 
pany in 1962 after spending ten 
years with the Bristol Aircraft Corp., 
where in addition to development 
work on electronic instruments he 
lectured in the Corporation's Tech- 
nical College. Dynamco, of Chert- 
sey, also announce the appointment 
of David E. Taylor, M.I.E.R.E., to 
the board, as sales and marketing 
director. He has been the company's 
sales manager since 1962 prior to 
which he was with Solartron. 

M. W. Hefferman, senior en- 
gineering lecturer at the Thomson 
Foundation Television College, 
Glasgow, since 1965, is leaving to 
become engineer -in -charge of the 
newly formed Mass Media Centre in 
Addis Ababa, Ethiopia. During 
1964 /5 Mr. Hefferman, who is 46, 
was chief engineer of Gibraltar 
Television having previously been 
chief television engineer in Cyprus 
and chief engineer of the Western 
Nigerian Radio-vision Sexvice. 
William Kirkwood has been pro- 
moted to senior engineering lecturer 
at the College in Glasgow where he 
has been on the staff since 1966, 
prior to which he was with the 
B.B.C. 

T. W. Straker, M.Sc., Ph.D., 
F.I.E.E., has joined Standard Tele- 
phones and Cables Ltd. as executive 
director of the Radio Group. Based 
at New Southgate, North London, 
he will assume responsibility for 
S.T.C's activity in avionics and 
radio communications. Born in New 
Zealand, Dr. Straker came to Eng- 
land in 1946 after receiving an 
M.Sc. degree from Canterbury Uni- 
versity. Following research work at 
the Cavendish Laboratory, Cam- 
bridge, on the ionospheric propaga- 
tion of radio waves, he received a 
Ph.D. in 1950. He then spent five 
years in Ottawa with the Radio 
Physics Laboratory of the Canadian 
Defence Research Board, and three 
years as defence research liaison 
officer with the Canadian Joint Staff 
in London, before joining the 
Marconi Company's Research 
Laboratories. In 1961 he became 
manager of the Radar Division 
and since 1965 has been general 
manager, telecommunications. 

Dr. T. W. Straker 

G. D. Speake, MA., director of 
research in the Marconi Company 
since 1965 has succeeded Dr. T. W. 
Straker as the company's general 
manager, telecommunications, re- 
sponsible for the five divisions 
covering space communications, 
broadcasting, radio commutiI- 
cations, line communications, 

G. D. Speake 

and mercantile marine equipment. 
Mr. Speake, who is 49, graduated in 
physics from St. Catherine's Col- 
lege, Cambridge, and after service in 
the Technical Branch of the R.A.F. 
spent four years as instrument 
manager of I.C.I. before joining Mar- 
coni in 1950. From 1960 until 
1965 he was deputy chief of research. 

Clive Barwell has been appointed 
head of Mullard's Industrial Elec- 
tronics Division in succession to C. 
F. Machin, who will for some time 
be taking charge of Mullard Incor- 
porated in the United States prior to 
assuming new responsibilities in the 
company. Mr. Barwell was previ- 
ously head of Mullard's Central 
Marketing Services Division. 

Ronald F. Russ, managing director 
of Bell & Howell Ltd., Consolidated 
Electrodynamics Division, has been 
appointed international vice- presi- 
dent in the Electronic Instrumen- 
tation Group of Bell & Howell. In 
his new capacity, Mr. Russ will 
control the operations of the 
Group's three subsidiary companies 
in Britain, Germany and France. He 
will also continue in his position as 
managing director. Mr. Russ who is 
42, began his career shortly after 
the war at the Royal Aircraft Estab- 
lishment, Farnborough. In 1953 he 
joined the Research Department of 
the B.B.C. where he became a 
member pf the team working on the 
development of the Corporation's 
first video magnetic tape recorder. 
Pri,:r to joining Bgll & Howell's 
subsidiary, Consolidated Electrody- 
namics Corp. (U.K.) in 1961, he was 
with Solartron. 

H. E. Godfrey, who has joined 
Decca Radio & Television as mar- 
keting manager, was with Philips 
Electrical for 21 years. For the last 
seven years he was commercial 
manager of the radio and television 
division. 
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