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NEW MULLARD A.F. 
PCL86 PACKAGE 
TELEVISION 

AUDIO OUTPUT 
VALVE 

The Mullard PCL86 a.f. triode
pentode has been designed spec
ifically for the sound stages of 
television receivers. The sensi
tivity of the valve is high 
enough to allow adequate feed
back to be applied in conven
tional circuits, but is not so 
h igh that instability will occur. 
'l'he high overall gain is achieved 
partly by a high amplification 
factor in the triode section, and 
partly by a high value ofmutual 
conductance in the pen to de sec
tion. A new cathode material is 
used in the PCL86 to reduce the 
likelihood of instability. With 
this material , there is less de
position of particles from the 
cathode on other members of 
the electrode structure . 

A special electrode structure 
- the balcony structure - is 
used in the PCL86. The triode 
section is much shorter than 
the pentode section, and heat 
can therefore radiate freely 
from the upper part of the pen
tode section. Greater dissipa
tion can thus be tolerated, and 
the anode dissipation rating of 
the PCL86 is consequently par
ticularly high (9W) for triode
pentodes. 

WHAT'S NEW IN 
THE NEW SETS 

These articles describe the 
latest Mullard developments 
for entertainment equipment . 

The cathode-to-heater volt
age rating of the PCL86 is high 
(30V), and posi tioni:rig of the 

, valve in the heater chain is 
therefore not critical. Screen
ing between the heater and 
grid leads of the electrode 
structure ensures a very low 
level of hum in the valve . The 
performance to be achieved 
with the PCL86 is thus very 
good, and the valve is ideally 
suited for the sound stages of 
television receivers . 

.for tra.nsistor 

DESIGNED for use in rmerless audio amplifiers, 
the new Mullard audio frequency package- the LFK3-

is now to be encountered in modern portable radio receivers. 
The output pair of the package 
consists of the complementary 
matched p.n.p . and n .p.n. tran
sistors types OC81 and AC127. 
The p.n.p. driver transistor 
type OC81D completes the 
package. 

The current amplification 
factor of the output transistors 
is greater than 50 at 200mA and 
38 at 300mA. The base currents 
of every pair are rna tched to 
within 20% at a collector cur
rent of 50mA, and each output 
transistor is cross-rna tche d 
with the driver transistor to 
give reduced circuit gain spreads. 

The peak collector current 
rating of the output transistors 
is 300mA, which enables output · 
power of up to 500mW to be ob-
tained using a 9V battery. The 
sensitivity of the package is 
such that outputs of up to 
lOOmW can be achieved without 
a pre-amplifier, and outputs 
of up to 500mW necessitate 
only a simple single-transistor 
preamplifier. 

ECH 84 TRIODE-HEPTODE FOR 
DUAL-STANDARD TV RECEIVERS 

The Mullard triode-heptode, 
type ECH84, is now appearing 
in the synchronising stages of 
dual-standard television receiv
ers in this country. The valve 
has already been widely adopted 
by manufacturers . producing 
receivers for 625-line transmis
sion systems using negative 
vision modulation. 

The heptode is generally 
operated as an interference
.cancelling sync pulse separator, 
and the triode section as a pulse 
limiter. The heptode function 
is particularly valuable when 
interference pulses which are 
in the same sense as the sync 
pulses , occur in the video wave
form and tend to disrupt syn
chronisation. 

The ECH84 has been designed 
specifically to supersede the 
ECH81 in the sync separator 

application. The earlier type 
was initially intended for use· 
in a.m. radio receivers and 
was only subsequent ly adopted 
for synchronising circuits, 
whereas the ECH84 was de
signed specifically for the 
television application. Good 
operation at low voltages is 
thus ensured. Another conse
quence of this specific design 
is that the linearity of the 
control grid characteristics of 
the heptode section is markedly 
better than that of the earlier 
valve. In the triode section, 
too, higher values of mutual 
conductance and amplification 
factor have been achieved. 
These improved properties of 
the ECH84 are reflected by 
better receiver performance 
under fringe reception con
ditions. 

MVM 1289 
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R.S.G.B.-50 Years 
THE Radio Society of Great Britain has just cele
brated its jubilee with a round of social events cul
minating in a Golden Jubilee Dinner in London at 
which Lord Brabazon of Tara was the guest of 
honour and which was attended by the presidents 
of the principal European amateur radio societies, 
by delegates from the dominions including the 
Canadian director of the American Radio Relay 
League, and by distinguished members of the 
broadcasting organizations, the General Post 
Office, the learned societies and the radio industry. 

The outstanding impressions of this occasion, 
which will long be remembered by those who were 
privileged to be present, were first, the easy cama
raderie which is so quickly established between 
radio amateurs irrespective of nationality, social 
standing or political opinion, and secondly the 
respect and esteem with which the R.S.G.B. is held 
in the councils of international amateur radio. It 
cannot claim to ·be as big as the ARRL or as old 
as the Radio Club of America, but its influence 
today is high because it has been fortunate in hav
ing been served by a succession of wise and respon
sible presidents and by vigilant and energetic 
secretaries of whom the present holders of these 
posts, Norman Caws, F.C.A. (G3BVG) and John 
Clarricoats, O.B.E. (G6CL) are by no means the 
least. · 

When it was founded in 1913 there were already 
national radio amateur organizations in America 
and Australia, and in England many active clubs 
in the provinces, notably Derby in 1911, were 
established before London was shamed into estab-. 
lishing its own Wireless Club by the late Rene 
Klein. Once formed, the Society rapidly overcame 
the handicap of its slow start by attracting the sup
port of distinguished scientists like A. A. Campbell 
Swinton, J. Erskine Murray, Admiral Sir Henry 
Jackson, W. H. Eccles and Sir Oliver Lodge whose 
names not only carried weight in negotiation with 
the Post Office over licensing matters, but whose 
minds stimulated original thought on the ways in 
which members might contribute to the advance
ment of knowledge without detracting from the 
pleasure they derived from building and using 
equipment to communicate over long distances. 

The outstanding achievement, shared with their 
American confreres, was the bridging of the Atlan
tic on 200 metres, a " short " wavelength which 
had been given to amateurs because it was thought 
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to be of little use as a propagating frequency. What 
the professionals had missed the .amateurs found 
by patience, persistence and sheer weight of 
numbers. It is of the essence of amateurism that 
it need not be efficient in the sense of being under 
an obligation to show results related to the 
expenditure of time. It is a leisurely pursuit giving 
time for thought-which is not to say that it can
not be pushed along at a smart pace when the 
spirit moves. We can recall many controversies 
of the early days-" fine wire " coils and reflex 
circuits, for example-which engendered much 
heat and resulted in feverish activity between meet
ings to prove or disprove points raised. 

We like to remember also that it was at a meeting 
of the Wireless Society of London in 1920 that 
Prof. R. Whiddington described his proximity 
gauge-one· of the first examples of "electronics," 
or the application of radio-like devices in fields 
other than communications. 

Although the trend has been away from the 
original concept of a scientific society and towards 
a more specialized organization of amateur trans
mitter operators, it is significant that the title of the 
Society's journal has in recent years been changed 
from T. & R. Bulletin to the more comprehensive 
R.S.G.B. Bulletin. In a message in the July issue 
this year's president, Mr. Norman Caws, writes: 
" There are two ways in which we can demonstrate 
the value of Amateur Radio; first, we should always 
be sure that the operation of our equipment is of 
the highest order, both technically and verbally; 
secondly, we can put all our skill and ability in our 
experimentation so that it is clear we have sound 
technical knowledge to add to the sum total of 
scientific progress." 

These are sentiments with which we are entirely 
in accord, and in offering congratulations to the 
Society on the occasion of its jubilee we wish its 
members continued success in their experiments 
and the deeper satisfaction . of strengthening inter· 
national goodwill through world-wide contacts. 

Now as always the amateur is threatened with 
restriction by the demands for frequencies of other 
interests, and concerted action is essential if his 
rights are to be preserved. No one questions his 
deserts, for he is of the salt of the earth, but some 
may need reminding of his rights, which he may 
legitimately claim on the record of past achieve
ment. 
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LASERS 
1.-GENERAL PRINCIPLES: LIGHT AMPLIFICATION IN CRYSTALS 

By AUBREY HARRIS, A.M.I.E.E., A.M. Brit. I.R.E. 

THE past few years have seen a phenomenal 
rate of technological development in the field of . 
lasers. The reader may well be forgiven for his 
present confusion as to · the method · of operation of 
these newcomers to the field of quantum electronics 
and just why they promise to be of such value in the 
future. This review will attempt to explain how these 
devices work and indicate some of the fields of 
application. 

A brief outline of the history to date is of interest. 
The first published reference to the theoretical 
extension of maser operation to the optical region 
was by A. L. Schawlaw (Bell Telephone Labora
tories) and C. H. Townes (Columbia University) 
at the end of 19581 and a practical demonstration 
that this was possible was reported by T. H. Maiman 
(Hughes Aircraft Corporation) in 19602• Dr. 
Maiman's optical maser produced a pulsed output 
of visible light from a ruby crystal device. Later 
that year operation of another solid-state device 
using trivalent uranium was achieved by P. P . 
Sorkin and M. J. Stevenson (I.B.M.) 3 albeit at very 
low temperatures. By using a different type of optical 
maser, a gas discharge tube, A. javan, W. B. Bennett 
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Fig. I. Non-coherent radiation. 
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and D. R . Herriott 4, at Bell Telephone Laboratories 
in 1961, produced continuous emission at normal 
temperatures; certain characteristics of this maser 
were found to be superior to the crystal types. 

Perhaps the biggest step forward . was made in 
November, 1962, with the virtually simultaneous 
announcement from G.E., I.B.M. and M.I.T. in 
the U.S.A. that an entirely new continuous-output 
optical maser had been developed. This was a 
gallium-arsenide semiconductor device of transistor 
proportions and its efficiency was stated to be in the 
region of 50%-some 10 to 20 til'nes greater than 
that of the ruby type. 

The term MASER is an acronym formed from the 
initial letters of the words Microwave Amplification 
by Stimulated Emission of Radiation . The initial 
of LASER indicates Light and) usually, includes 
Infra-red radiation, though it has been suggested 
that the term IRASER might be used for the 
invisible radiation at infra-red wavelengths. 

The light output of an optical maser differs in 
several respects from that produced by more con
ventional generators of light, such as tungsten 
lamps, discharge lamps or the sun. All these sources 
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Fig. 2. Coherent radiation. 
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Perhaps the biggest step forward was made in 
November, 1962, with the virtually simultaneous 
announcement from G.E., I.B.M. and M.I.T. in 
the U.S.A. that an entirely new continuous-output 
optical maser had been developed. This was a 
gallium-arsenide semiconductor device of transistor 
proportions and its efficiency was stated to be in the 
region of 50%—some 10 to 20 times greater than 
that of the ruby type. 

The term MASER is an acronym formed from the 
initial letters of the words Microwave Amplification 
by Stimulated Emission of Radiation. The initial 
of LASER indicates Light and, usually, includes 
Infra-red radiation, though it has been suggested 
that the term IRASER might be used for the 
invisible radiation at infra-red wavelengths. 

The light output of an optical maser differs in 
several respects from that produced by more con- 
ventional generators of light, such as tungsten 
lamps, discharge lamps or the sun. All these sources 
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Fig. 3. The electromagnetic 
spectrum. 
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produce a relatively wide band of radiation (even a 
"monochromatic" sodium lamp!). They can be 
considered to be noise generators as their output 
contains radiation at a number of different frequencies 
and also even those components of the radiation 
which are at the same frequency are . of differing 
phase-relationship, polarization and relative ampli
tude. (Fig. 1.) 

By contrast the laser output is coherent. That is, 
the radiation ,is at a single frequency, it is completely 
in-phase and is in the same plane of polarization. 
(Fig. 2.) It will be appreciated then that the laser 
output is coherent electromagnetic wave radiation 
of the same form as that generated by a highly-

. stable r.f. signal generator. At present, high fre
quencies, up to . 80 Gc/s such as are used for radar 
systems and microwave links are generated by 
magnetrons and klystrons, and at low powers 
frequencies up to 200 Gcjs have been produced by 
backward wave oscillators. Until the development 
of the laser coherent electromagnetic waves above 
these frequencies could not be generated. But now 
a whole new range of frequencies is available in the 
electromagnetic spectrum (Fig. 3). 

The range of the visible spectrum, from 4,000 
to 7,000 angstroms (1 angstrom = 10-8cm) is 
equivalent to a band of frequencies between 750 
million and 430 million megacycles per second. 
Assuming the likelihood of modulating up to 
1/ 100th of this band, it would theoretically be 
possible to provide simultaneously over 600,000 
5-Mc/s television channels, or about 1,000 million 
3 kc/s telephone circuits. Of course, at ·the moment 
it is not possible to generate coherent radiation at 
every frequency in the visible and infra-red spectrum, 
only at certain specific frequencies in the band. 
However, as development and research proceeds 
more and more operating frequencies are being 
found. 

Apart from the advantage of coherence of the 
output wave the beam is parallel to a high degree, 
it is extremely narrow in width, and is of a very 
high intensity. All these factors suggest a whole 
range of applications for the optical maser. Optical 
methods may be used to focus and concentrate the 
output into microscopic dimensions: experiments 
have been conducted demonstrating how the high
power beam so produced can bore controlled dia
meter holes of 0.02-inch diameter through :l--inch 
industrial diamond-in 200 microseconds. It was 
estimated that the temperature generated at the 
surface of the diamond was of the order of 5,500°C. 

Basic Necessities 

The basic requirements constituting an optical 
maser are (a) a resonant cavity filled with (b) a 
suitable active medium (Fig. 4). 
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The principle of the Fabry-Perot interferometer is 
almost universally used for the resonant cavity. 
It consists of two carefully aligned parallel reflecting 
surfaces, the spacing between which · is made equal 
to an integral number of half wavelengths at the 

required operating frequency, that is d · 5). 

A light ray traversing the cavity (A) is reflected at 
one end (B) in the direction from which it came; 
it is then reflected at the other mirror (C) in phase 
with the original ray, which is then reinforced. 
The process is cumulative and the assembly acts as 
an optical band-pass filter of very high Q, accepting 
the required wavelength and rejecting all others . 

Where light of more than one wavelength is 
present in the cavity it is possible to select the 
desired signal by the choice of the spacing between · 
the reflectors. 

The active medium must be one which is capable 
of possessing at least two distinct energy levels 
corresponding to the desired output frequency; 
furthermore the properties of the medium must be 
such that it is possible to " overpopulate " the upper 
energy level of the substance with respect to the 
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Fig. 4. Basic optical maser. 
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Fig. 5. Fabry-Perot resonator. Rays are successively reflected 
from end to end of the cavity A, reinforcing each and 
producing a strong parallel beam. (Rays are shown sl1ghtly 
non-parallel for clarity.) 
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produce a relatively wide band of radiation (even a 
" monochromatic " sodium lamp!). They can be 
considered to be noise generators as their output 
contains radiation at a number of different frequencies 
and also even those components of the radiation 
which are at the same frequency are of differing 
phase-relationship, polarization and relative ampli- 
tude. (Fig. 1.) 

By contrast the laser output is coherent. That is, 
the radiation is at a single frequency, it is completely 
in-phase and is in the same plane of polarization. 
(Fig. 2.) It will be appreciated then that the laser 
output is coherent electromagnetic wave radiation 
of the same form as that generated by a highly- 
stable r.f. signal generator. At present, high fre- 
quencies, up to 80 Gc/s such as are used for radar 
systems and microwave links are generated by 
magnetrons and klystrons, and at low powers 
frequencies up to 200 Gc/s have been produced by 
backward wave oscillators. Until the development 
of the laser coherent electromagnetic waves above 
these frequencies could not be generated. But now 
a whole new range of frequencies is available in the 
electromagnetic spectrum (Fig. 3). 

The range of the visible spectrum, from 4,000 
to 7,000 angstroms (1 angstrom = 10"8cm) is 
equivalent to a band of frequencies between 750 
million and 430 million megacycles per second. 
Assuming the likelihood of modulating up to 
1/100th of this band, it would theoretically be 
possible to provide simultaneously over 600,000 
5-Mc/s television channels, or about 1,000 million 
3 kc/s telephone circuits. Of course, at the moment 
it is not possible to generate coherent radiation at 
every frequency in the visible and infra-red spectrum, 
only at certain specific frequencies in the band. 
However, as development and research proceeds 
more and more operating frequencies are being 
found. 

Apart from the advantage of coherence of the 
output wave the beam is parallel to a high degree, 
it is extremely narrow in width, and is of a very 
high intensity. All these factors suggest a whole 
range of applications for the optical maser. Optical 
methods may be used to focus and concentrate the 
output into microscopic dimensions: experiments 
have been conducted demonstrating how the high- 
power beam so produced can bore controlled dia- 
meter holes of 0.02-inch diameter through /--inch 
industrial diamond—in 200 microseconds. It was 
estimated that the temperature generated at the 
surface of the diamond was of the order of 5,500oC. 

The principle of the Fabry-Perot interferometer is 
almost universally used for the resonant cavity. 
It consists of two carefully aligned parallel reflecting 
surfaces, the spacing between which is made equal 
to an integral number of half wavelengths at the 

required operating frequency, that is d — -—;(Fig. 5). 
2 

A light ray traversing the cavity (A) is reflected at 
one end (B) in the direction from which it came; 
it is then reflected at the other mirror (C) in phase 
with the original ray, which is then reinforced. 
The process is cumulative and the assembly acts as 
an optical band-pass filter of very high Q, accepting 
the required wavelength and rejecting all others. 

Where light of more than one wavelength is 
present in the cavity it is possible to select the 
desired signal by the choice of the spacing between 
the reflectors. 

The active medium must be one which is capable 
of possessing at least two distinct energy levels 
corresponding to the desired output frequency; 
furthermore the properties of the medium must be 
such that it is possible to " overpopulate " the upper 
energy level of the substance with respect to the 
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F/g. 4. Basic optical maser. 

Basic Necessities 

The basic requirements constituting an optical 
maser are (a) a resonant cavity filled with (b) a 
suitable active medium (Fig. 4). 

Fig. 5. Fabry-Perot resonator. Rays are successively reflected 
from end to end of the cavity A, reinforcing each other and 
producing a strong parallel beam. (Rays are shown slightly 
non-parallel for clarity.) 
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1: THE FOUR MAIN TYPES OF LASER WITH T YPICAL OPERATING CHARACTERISTICS FOR EACH TYPE. 

Typical 
Material 

Output· I' 

Efficiency 1-----, Spectral Beam Operating Emission 
(per cent) Wavelength Frequency Width I Divergence Tempera· Mode 

(angstroms) (c/s) (c/s) , ture 

Doped crystal Ruby- 250-1 ,000 __ 4.321 0.1 degree 300°K 

Classification Input 

, chromium joules (room (I Q-• to IQ-• 
temperature) sec) 

1 
Gas- 80-120--, 0 .01-0. 1 I 6,329 [4 .740 x 1014 0 .5 minute Continu:;;i 

neon watts I 1,530 2.627 x I 014 , . · 

-------:---------' 
0.05 8,440 3.554 x 1014 ---u;;;---11=5 degrees 

junction I arsentde · · (Liquid 
· helium) ----- ----------------------Liquid Europium

. benzolace
tonate 

0.01 joules 20-30 6,129 

lower level or levels. This process is often known 
as population inversion. 

A further necessity for successful operation of a 
laser is the provision of suitable and sufficient power 
input to the device, in order to raise the energy 
level and thus obtain overpopulation. The input 
power may be of light, r .f . energy or just a direct 
current flow, dependent upon the type of device 
being operated. "Pumping" is the term normally 
applied to the process of supplying power to the 
maser for the purpose of raising the energy level of 
the active medium. 

There are four fundamental types of laser currently 
under investigation and use. They may be classified 
under the following heads, primarily indicating their 
active media: 

(a) Doped-crystal 
(b) Gas discharge 
(c) Semiconductor junction 
(d) Liquid 

The various types have differing characteristics 
and properties although they all emit coherent 
radiation. Output frequency, spectral width, 
beam width, pumping requirements, efficiencies and 
other characteristics are summarized for convenience 
in Table 1. 

Even at this early stage of development there are 
certain pointers indicating the likely application of the 
different types. For example, it seems highly likely 
that the gallium-arsenide diode type will be used 
widely for communications purposes, due to the 
apparent simplicity of modulation, high efficiency 
and the continuous mode of operation. 

For metal working (spot welding, piercing, etc.) 
the doped-crystal laser will prove most convenient 
owing to its compactness and the ease with which 
the output beam may be collimated and concentrated 
into high-intensity, microscopic areas. The pulsed 
output, which is a characteristic of many of the crystal 
lasers will not prove unduly restrictive for most 
applications of this type. 

The first laser to produce coherent light was Dr. 
Maiman's, using as active material a crystal of alu
minium oxide (Al203); this is a red form of corundum 
and some specimens are known as ruby. Added to 

· the crystal during preparation was 0.05 ·per cent 
of chromium oxide (Cr203) . · 

The ruby crystal is normally in the form of a cylin
drical rod, typically }6 -in diameter and 2in long. 
(Sizes vary from between k-in to l-in diameter and 
from 1 to Sin long). With this type of laser the active 
material, being solid, provides an ideal basis for its 
own optical cavity. However, careful mechanical 
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4.894 x 1014 1010 0. 1-0.5 I40°K Pulse 
degrees 

work is necessary to ensure that the flatness and 
parallelism of the end reflectors is adequate for their 
precise function. Polishing and ·coating of the ends 
of the rod provide the reflecting surfaces at the 
extremes of the cavity. One end reflector is made to 
have, as nearly as possible, 100% reflectance, the 
other end is designed to reflect about 95-98% of the 
internally incident radiation. The small amount 
not internally reflected passes through the partial 
reflector as the output. 

In certain cases, instead of providing one reflector 
with partial transmission as just described, both are 
of maximum reflectance. The output is then emitted 
through a small clear area purposely left in the 
coating of one of the reflecting ends. _ 

The emission of light from optical masers is basic
ally due to the phenomenon of fluorescence. A 
fluorescent material is one which, on exposure to 
light of a certain frequency or a range of frequencies, 
gives out radiation at a (usually) lower frequency. 
An ordinary fluorescent lamp illustrates this: the 
gas discharge inside the tube produces ultra-violet 
radiation. This, striking the fluorescent coating on 
the inner surface of the tube induces the coating to 
emit lower frequency (visible) light. In the case we 
are now considering the doped ruby crystal is irra
diated with visible light (preferably with peak inten
sity in the green region) and the emission is obtained 
at the far-red (lower frequency) end of the spectrum. 

The behaviour of the atoms in these fluorescent 
materials can be explained in terms of the different 
energy levels or amounts of energy which the atoms 
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Fig. 6. Energy level diagram for the ruby laser. 
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TABLE I: THE FOUR MAIN TYPES OF LASER WITH TYPICAL OPERATING CHARACTERISTICS FOR EACH TYPE. 

Doped crystal Ruby- 250-1,000 
chromium joules 

6,943 4.321 x I014 lOMO9 

Gas discharge | Helium- 80-120 0.01-0.1 
1 neon watts 

0.1 degree 300oK Pulse 
(room (I0-4 to 10 

temperature) sec) 

4.740 x I014 O
 i o O
 0.5 minute 300oK Continuous 

2.627 x io14! 

Semiconductor 
junction 

Gallium 
arsenide 

0.05 watts 8,440 3.554 x I014 I0l: 1-5 degrees 4.20K Continuous 

Europium- 0.01 joules 20-30 6,129 4.894 x IO14 

benzolace- 
tonate 

lower level or levels. This process is often known 
as population inversion. 

A further necessity for successful operation of a 
laser is the provision of suitable and sufficient power 
input to the device, in order to raise the energy 
level and thus obtain overpopulation. The input 
power may be of light, r.f. energy or just a direct 
current flow, dependent upon the type of device 
being operated. " Pumping " is the term normally 
applied to the process of supplying power to the 
maser for the purpose of raising the energy level of 
the active medium. 

There are four fundamental types of laser currently 
under investigation and use. They may be classified 
under the following heads, primarily indicating their 
active media: 

(a) Doped-crystal 
(b) Gas discharge 
(c) Semiconductor junction 
(d) Liquid 

The various types have differing characteristics 
and properties although they all emit coherent 
radiation. Output frequency, spectral width, 
beam width, pumping requirements, efficiencies and 
other characteristics are summarized for convenience 
in Table 1. 

Even at this early stage of development there are 
certain pointers indicating the likely application of the 
different types. For example, it seems highly likely 
that the gallium-arsenide diode type will be used 
widely for communications purposes, due to the 
apparent simplicity of modulation, high efficiency 
and the continuous mode of operation. 

For metal working (spot welding, piercing, etc.) 
the doped-crystal laser will prove most convenient 
owing to its compactness and the ease with which 
the output beam may be collimated and concentrated 
into high-intensity, microscopic areas. The pulsed 
output, which is a characteristic of many of the crystal 
lasers will not prove unduly restrictive for most 
applications of this type. 

The first laser to produce coherent light was Dr. 
Maiman's, using as active material a crystal of alu- 
minium oxide (A1203); this is a red form of corundum 
and some specimens are known as ruby. Added to 
the crystal during preparation was 0.05 per cent 
of chromium oxide (CraOg). 

The ruby crystal is normally in the form of a cylin- 
drical rod, typically ^ -in diameter and 2in long. 
(Sizes vary from between J-in to 1-in diameter and 
from 1 to 8in long). With this type of laser the active 
material, being solid, provides an ideal basis for its 
own optical cavity. However, careful mechanical 

work is necessary to ensure that the flatness and 
parallelism of the end reflectors is adequate for their 
precise function. Polishing and coating of the ends 
of the rod provide the reflecting surfaces at the 
extremes of the cavity. One end reflector is made to 
have, as nearly as possible, 100% reflectance, the 
other end is designed to reflect about 95-98% of the 
internally incident radiation. The small amount 
not internally reflected passes through the partial 
reflector as the output. 

In certain cases, instead of providing one reflector 
with partial transmission as just described, both are 
of maximum reflectance. The output is then emitted 
through a small clear area purposely left in the 
coating of one of the reflecting ends. 

The emission of light from optical masers is basic- 
ally due to the phenomenon of fluorescence. A 
fluorescent material is one which, on exposure to 
light of a certain frequency or a range of frequencies, 
gives out radiation at a (usually) lower frequency. 
An ordinary fluorescent lamp illustrates this: the 
gas discharge inside the tube produces ultra-violet 
radiation. This, striking the fluorescent coating on 
the inner surface of the tube induces the coating to 
emit lower frequency (visible) light. In the case we 
are now considering the doped ruby crystal is irra- 
diated with visible light (preferably with peak inten- 
sity in the green region) and the emission is obtained 
at the far-red (lower frequency) end of the spectrum. 

The behaviour of the atoms in these fluorescent 
materials can be explained in terms of the different 
energy levels or amounts of energy which the atoms 
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Fig. 6. Energy level diagram for the ruby laser. 
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Fig. 7 (a) Light perpendicular to reflectors reinforces and stays 
in cavity . (b) Light not perpendicular is lost through sides. 

possess. Energy can be held by atoms only at certain 
discreet and fixed levels. In its normal state the atom 
will have the lowest of its possible energy states
the ground level as it is termed. By absorbing 
energy (in this case green light) the atom can be 
raised to a higher level and is then said to be in an 
excited state. From this excited· state the atoms fall 
back to lower levels and in certain cases emit energy. 

The actual energy levels involved together with the 
frequencies of the incident and radiated energy 
are bound by the relationship 

hv = LIE 
where h = Planck's constant = (6.624 x 10-27 erg-

, sec) 

v = frequency of radiation in cycles per second 
LIE = the .difference in energy level in ergs 

Thus the frequencies absorbed and radiated are 
proportional to the differences in relative energy 
levels. 

Referring to Fig. 6, the energy level diagram 
relating to the ruby crystal, atoms in state E 1, are 
pumped from the ground level by the absorption 
of green light into the crystal, to a higher energy 
level E 2 · 

hvA = E2 - E1 

The energy level at E 2 is · approximately 2.25 
electron volts ( = 3.6 X 10-12 erg) and that at ED 
the ground level is zero . . Thus the frequency of the 
light absorbed into the crystal is 

E2-E1 3.6x 10-12 - 5 5 1 14 , h" h 
"A= h 6.624x 1o-z7- .4 x 0 c; s w lC 

is equivalent to a wavelength of 5500 angstroms. 
At the E 2 level there is a small, but inevitable, 

energy loss and the atoms quickly drop to an inter
mediate, or metastable level, E ,D where their life 
time is of the order of a few milliseconds. From the 
metastable state the atoms fall back to the original 
ground state, losing energy and emitting radiation. 
The energy loss and radiated energy ·are related by 
the expression. 

hv1t = E3 - E1 

and as E 3 - E1 is less than E 2 - E 1 the radiated fre
quency (vR) is lower than the frequency of the light 
absorbed during the pumping process ( v A). The diff
erence in energy between the E 3 level and ground 
(E1) is 1.828 electron volts giving the characteristic 
output wavelength of the ruby crystal maser of 6943 
angst:roms, equivalent in frequency to 4.31 x 1014 

c/s. 
With an energy input below a certain rate the atoms 

falling from the metastable state lo ground will 
do so in a random manner; however, above a par
ticular energy threshold the number of atoms initially 
raised to the E2 level and ·accumulating at the meta- __ 
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stable level is greater than that in the ground level , 
This is a state of population inversion. There is then 
an accelerated fall of these atoms giving radiation 
at the output frequency of the device, tending tu 
maintain equilibrium in the crystal. The first 
atoms to fall radiate spontaneously and in doing so 
stirnulate others in the E:; state to do likewise, these 
in turn stimulate more atoms and an intense radiation 
is built up that continues as long as the over-popula
tion in the metastable state exists. 

Let us recall for a moment that all this action is 
taking place within an optical cavity with perfectly 
parallel and accurately spaced reflecting surfaces. 
These two features ensure that light of a particular 
wavelength and direction is favoured. Light produced 
within the crystal by the fall of atoms from the meta
stable state, which is of the wavelength for which 
the cavity was designed, is reflected from end to 
end successively throughout the · active material, 
stimulating the atoms still in the metastable state. 
Further, only light which is perpendicular to the 
plane of the mirrors can stay within the cavity (Fig. 7) 
to help with the stimulation: the stimulating light 
moves in the same direction, is parallel to, and in 
phase with, the stimulated light. The fact that the 
stimulated light is parallel ensures that the output 
through the end reflectors stays as a non-divergent 
beam. Light which is not perpendicular to the 
reflectors is reflected to the sides of the cavity and 
does not contribute to the output beam. 

The ruby crystal laser is normally pumped by a 
xenon type flash tube giving a burst of light of a 
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Fig. 8. Spiky output is due to momentary rapid depopulation 
and repopulation of metastable level. 

duration between 0.5 and 2.0 milliseconds. The out
put from the laser is essentially of the same duration, 
but consists of a number of spikes each a few micro
seconds long (Fig. 8). This' is thought to be due to 
the intensity of the light within the crystal building 
up to the point where emisson is stimulated. The 
laser action then takes place and the metastable 
state is then depopulated so rapidly that the pumping 
light is momentarily unable to maintain a sufficient 
number of atoms in the metastable state to allow 
stimulated emission to continue. The radiation 
abruptly dies away until the exciting source restores 
the required population level. The extremely rapid 
pulsing of the light ·results from the depletion and 
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Fig-1 (a) Light perpendicular to reflectors reinforces and stays 
in cavity, (b) Light not perpendicular is lost through sides. 

possess. Energy can be held by atoms only at certain 
discreet and fixed levels. In its normal state the atom 
will have the lowest of its possible energy states— 
the ground level as it is termed. By absorbing 
energy (in this case green light) the atom can be 
raised to a higher level and is then said to be in an 
excited state. From this excited state the atoms fall 
back to lower levels and in certain cases emit energy. 

The actual energy levels involved together with the 
frequencies of the incident and radiated energy 
are bound by the relationship 

hv — dE 
where h = Planck's constant =(6.624 X 10"27 erg- 

sec) 

v = frequency of radiation in cycles per second 
dE = the difference in energy level in ergs 

Thus the frequencies absorbed and radiated are 
proportional to the differences in relative energy 
levels. 

Referring to Fig. 6, the energy level diagram 
relating to the ruby crystal, atoms in state.E^are 
pumped from the ground level by the absorption 
of green light into the crystal, to a higher energy 
level E2 

hvx = E2 Ej 

The energy level at E2 is approximately 2.25 
electron volts ( = 3.6 X 10"12 erg) and that at E,, 
the ground level is zero. Thus the frequency of the 
light absorbed into the crystal is 

E2 Ej 3.6 xlO-ls 

6.624 x 10r -7= 5.45 x 1014 c/s which 

is equivalent to a wavelength of 5500 angstroms. 
At the E2 level there is a small, but inevitable, 

energy loss and the atoms quickly drop to an inter- 
mediate, or metastable level, E3, where their life 
time is of the order of a few milliseconds. From the 
metastable state the atoms fall back to the original 
ground state, losing energy and emitting radiation. 
The energy loss and radiated energy are related by 
the expression. 

hv& = Ey — E! 

and as Eg — Ej^ is less than E2 —E! the radiated fre- 
quency (v&) is lower than the frequency of the light 
absorbed during the pumping process (vA). The diff- 
erence in energy between the E3 level and ground 
(Ej) is 1.828 electron volts giving the characteristic 
output wavelength of the ruby crystal maser of 6943 
angstroms, equivalent in frequency to 4.31 X 1014 

c/s. 
With an energy input below a certain rate the atoms 

falling from the metastable state to ground will 
do so in a random manner; however, above a par- 
ticular energy threshold the number of atoms initially 
raised to the E2 level and accumulating at the meta- 

stable level is greater than that in the ground level- 
This is a state of population inversion. There is then 
an accelerated fall of these atoms giving radiation 
at the output frequency of the device, tending to 
maintain equilibrium in the crystal. The first 
atoms to fall radiate spontaneously and in doing so 
stimulate others in the E3 state to do likewise, these 
in turn stimulate more atoms and an intense radiation 
is built up that continues as long as the over-popula- 
tion in the metastable state exists. 

Let us recall for a moment that all this action is 
taking place within an optical cavity with perfectly 
parallel and accurately spaced reflecting surfaces. 
These two features ensure that light of a particular 
wavelength and direction is favoured. Light produced 
within the crystal by the fall of atoms from the meta- 
stable state, which is of the wavelength for which 
the cavity was designed, is reflected from end to 
end successively throughout the active material, 
stimulating the atoms still in the metastable state. 
Further, only light which is perpendicular to the 
plane of the mirrors can stay within the cavity (Fig. 7) 
to help with the stimulation: the stimulating light 
moves in the same direction, is parallel to, and in 
phase with, the stimulated light. The fact that the 
stimulated light is parallel ensures that the output 
through the end reflectors stays as a non-divergent 
beam. Light which is not perpendicular to the 
reflectors is reflected to the sides of the cavity and 
does not contribute to the output beam. 

The ruby crystal laser is normally pumped by a 
xenon type flash tube giving a burst of light of a 
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20 MILLISEC 
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Fig. 8. Spiky output is due to momentary rapid depopulation 
and repopulation of metastable level. 

duration between 0.5 and 2.0 milliseconds. The out- 
put from the laser is essentially of the same duration, 
but consists of a number of spikes each a few micro- 
seconds long (Fig. 8). This is thought to be due to 
the intensity of the light within the crystal building 
up to the point where emisson is stimulated. The 
laser action then takes place and the metastable 
state is then depopulated so rapidly that the pumping 
light is momentarily unable to maintain a sufficient 
number of atoms in the metastable state to allow 
stimulated emission to continue. The radiation 
abruptly dies away until the exciting source restores 
the required population level. The extremely rapid 
pulsing of the light results from the depletion and 
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Fig. 9. Ruby crystal laser with helical flash-tube pump. 

restoration of the concentration of atoms in the 
metastable state. 

To ensure the greatest overall efficiency of the 
device close optical coupling is required between the 
pumping source and the crystal so that as much light 
as possible is transferred from the flash tube to the 
laser. -

A commonly used arrangement is shown in Fig. 9. 
The light source is a multi-turn, xenon-filled quartz 
high energy helical flash tube and the crystal is 
mounted coaxially in the centre of the helix. Although 
this is a convenient arrangement, quite a lot of 
illumination is lost from the outer surfaces of the 
helix and is not usefully employed. 

Fig. 10 illustrates two other rather similar methods 
of illuminating the crystal. Both use cylindrical type 
mirrors, one with a circular section (a) and the other 
with an elliptical contour (c): both utilize linear type 
flash tubes. With the circular section mirror the 
crystal and the flash tube are mounted as close 
together as possible with their long axes parallel to 
each other and also mutually parallel to, and on the 
axis of, the mirror. 
The combination of 
the lamp and crystal 
is at the centre of 
curvature of the 
mirror and thus 
all light emanating 
from this region 
is reflected back 
through the same 
point (b). 

A rather more 

(a) 

radiating from one focus of an elliptical mirror, 
after reflection from the surface of the mirror, 
passes back through the second focus (d), thus 
virtually all the light from c the flash tube is reflected 
on to the crystal. _ 

The input power required for the flash tube to 
produce maser action in a ruby crystal is typically 
250 to 1000 joules. Coherent light output from the 
device is often · up to 30 joules with maximum 
efficiencies of 2-3%. The beam width is of the order 
of 10 milliradians (about t of a degree). 

At lower power outputs the beam spread is re
duced to about one tenth of this figure. Owing to 
the heating effect of the very large power input it is 
not possible to operate a laser of this type at any 
higher rate than one flash every twenty or thirty 
seconds at room temperatures . . However, com
mercially available devices often provide the facility 
for air or liquid nitrogen cooling, which permits 

· higher power inputs or greater frequency of operation. 
It may be of interest to know that a complete laser 
and power supply equipment of this type, suitable 
for laboratory use costs in the region of · £1,250. 

Although the total output of these optical masers 
is relatively low it is interesting to compare the 
intensity with that of the sun's visible surface, 
which behaves much as a black body radiator at 
6,000°C and is about seven kilowatts per square 
centimetre of its surface. This, of course, is .over the 
complete range of wavelengths-visible light, infra
red, ultra-violet, etc., but if only a narrow band sere 
filtered out, say 1 Mc/s wide (that is, just over 10-5 

angstroms) in the green light region only, one watt of 
radiation would be obtained from about ten square 
metres of the surface. By contrast the burst of energy 
from the ruby crystal maser is over 10,000 watts 
peak from an area of one square centimetre. 

The laser output can be concentrated to a spot 
of light one tenth of a millimetre square (10- 4 cm2) 

In this minute area there will be a power concen
tration of 108 watts cm2

• Densities of this order are, 
of course, far above that which are produced by the 
sun or any other source of radiation. 

Apart from aluminium oxide there are many 
other solid materials which with suitable additives 

i FLASH TUBE 

'----.. INTERNALLY REFLECTING / 
CIRCULAR-CY LI NDRICAL MIRROR 

difficult mirror to 
produce is the one 
with the elliptical 
contour, but it does 
provide greater 
efficiency. The lamp 
is placed at one 
focus of the mirror, 
the crystal at the 
other; once again all 
the long axes are 
parallel. It will be 
recalled that light 
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Two ways of reinforcing the initial illumination. 
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Fig. 9. Ruby crystal laser with helical flash-tube pump. 

restoration of the concentration of atoms in the 
metastable state. 

To ensure the greatest overall efficiency of the 
device close optical coupling is required between the 
pumping source and the crystal so that as much light 
as possible is transferred from the flash tube to the 
laser. 

A commonly used arrangement is shown in Fig. 9. 
The light source is a multi-turn, xenon-filled quartz 
high energy helical flash tube and the crystal is 
mounted coaxially in the centre of the helix. Although 
this is a convenient arrangement, quite a lot of 
illumination is lost from the outer surfaces of the 
helix and is not usefully employed. 

Fig. 10 illustrates two other rather similar methods 
of illuminating the crystal. Both use cylindrical type 
mirrors, one with a circular section (a) and the other 
with an elliptical contour (c): both utilize linear type 
flash tubes. With the circular section mirror the 
crystal and the flash tube are mounted as close 
together as possible with their long axes parallel to 
each other and also mutually parallel to, and on the 
axis of, the mirror. 

radiating from one focus of an elliptical mirror, 
after reflection from the surface of the mirror, 
passes back through the second focus (d), thus 
virtually all the light from the flash tube is reflected 
on to the crystal. 

The input power required for the flash tube to 
produce maser action in a ruby crystal is typically 
250 to 1000 joules. Coherent light output from the 
device is often up to 30 joules with maximum 
efficiencies of 2-3%. The beam width is of the order 
of 10 milliradians (about i of a degree). 

At lower power outputs the beam spread is re- 
duced to about one tenth of this figure. Owing to 
the heating effect of the very large power input it is 
not possible to operate a laser of this type at any 
higher rate than one flash every twenty or thirty 
seconds at room temperatures. However, com- 
mercially available devices often provide the facility 
for air or liquid nitrogen cooling, which permits 
higher power inputs or greater frequency of operation. 
It may be of interest to know that a complete laser 
and power supply equipment of this type, suitable 
for laboratory use costs in the region of £1,250. 

Although the total output of these optical masers 
is relatively low it is interesting to compare the 
intensity with that of the sun's visible surface, 
which behaves much as a black body radiator at 
6,0000C and is about seven kilowatts per square 
centimetre of its surface. This, of course, is over the 
complete range of wavelengths—visible light, infra- 
red, ultra-violet, etc., but if only a narrow band sere 
filtered out, say 1 Mc/s wide (that is, just over lO-5 

angstroms) in the green light region only, one watt of 
radiation would be obtained from about ten square 
metres of the surface. By contrast the burst of energy 
from the ruby crystal maser is over 10,000 watts 
peak from an area of one square centimetre. 

The laser output can be concentrated to a spot 
of light one tenth of a millimetre square (10~1 cm2) 
In this minute area there will be a power concen- 
tration of 108 watts cm2. Densities of this order are, 
of course, far above that which are produced by the 
sun or any other source of radiation. 

Apart from aluminium oxide there are many 
other solid materials which with suitable additives 
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TABLE II: ACTIVE MATERIALS AND OUTPUT WAVE
LENGTHS OF VARIOUS TYPES OF LASER. 

1---'-class. _ · -'------------·------l-w-a_v_e_le_n_g_t-h
1

1 

Active Material_ (angstroms) 

Liquid 
Gas 
Crystal 
Crystal 
Liquid 
Semiconductor 
Gas 
Crystal 
Gas 
Gas 
Gas 
Crystal 
Gas 
Gas 
Crystal 
Gas 

Europium-benzolacetonate 
Helium-neon 
Aluminium oxide-chromium oxide 
Calcium fluoride-samarium 
Toluene 
Gallium arsenide 
Neon-oxygen 
Glass-neodymium 
Helium-neon 
Krypton 
Argon 
Calcium tungstate-thulium 
Xenon . 
Krypton 
Calcium-fluoride-uranium 
Caesium 

6,129 
6,329 
6,943 
7,085 
7,463 
8,440 
8,446 

10,630 
11,530 
16,940 
16,940 
19,110 
20,261 
21,890 
25,600 
71,800 

have been made to give coherent light. Among the 
materials used are calcium fluoride with small 
amounts of samarium or uranium and even glass 
with neodymium. The wavelengths produced by 
these lasers range between 7000 angstroms and 26,000 
anstroms (in the far infra-red). A fuller list is given 
in Table II. 

Lasers using calcium fluoride crystal have been 
found to require less pump power than the ruby 
type and are in fact more efficient, also they have 
been made to operate in a continuous fashion instead 
of emitting bursts of radiation. The main dis
advantage of these at the moment is that they must 
operate at very low temperatures. 

Each crystalline material and its dopant has a 
particular output wavelength as is shown in the 
table although it is possible to vary this slightly by a 
a change in operating temperature5• A difference of 
almost 20 angstroms was detected between the output 
of a ruby at -180°C (6934 angstroms) .and that at 

H. F. PREDICTIONS- AUGUST 

G.MT. G.M.T. 

After hovering around 20 for some months the sun
spot number for May leapt to 52. Although month-to
month variations of this magnetitude are not uncommon 
the figure for May emphasizes that solar activity has 
now declined very little over a period of 2 years. A 
slow decline may be expected in coming months but the 
effect of tbis will be masked by the more significant 
seasonal changes. 

The prediction curves show the median standard 
MUF, optimum traffic frequency and the lowest usable 
high frequency for reception in this country. 
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210°C (6953 angstroms). This could prove a most 
useful feature, for by allowing the frequencies so 
generated to beat together difference frequencies 
would be produced, iust as with conventional oscil
lators. ·In this case " thermal tuning " of one maser 
would produce a tremendous range of output 
frequencies. By varying the temperatures appro
priately it seems that it may be possible to generate 
almost any frequency between zero and 10,000,000 
Mc/s with one pair of maser crystals. 

(To be concluded) 
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TABLE II : ACTIVE MATERIALS AND OUTPUT WAVE- 
LENGTHS OF VARIOUS TYPES OF LASER. 

. Wavelength Class Active Material (angstroms) 

Liquid Europium-benzolacetonate 6,129 
Gas Helium-neon 6,329 
Crystal Aluminium oxide-chromium oxide 6,943 
Crystal Calcium fluoride-samarium 7,085 
Liquid Toluene 7,463 
Semiconductor Gallium arsenide 8,440 
Gas Neon-oxygen 8,446 
Crystal Glass-neodymium 10,630 
Gas Helium-neon 11,530 
Gas Krypton 16,940 
Gas Argon 16,940 
Crystal Calcium tungstate-thulium 19,110 
Gas Xenon 20,261 
Gas Krypton 21,890 
Crystal Calcium-fluoride-uranium 25,600 
Gas Caesium (vapour) 71,800 

have been made to give coherent light. Among the 
materials used are calcium fluoride with small 
amounts of samarium or uranium and even glass 
with neodymium. The wavelengths produced by 
these lasers range between 7000 angstroms and 26,000 
anstroms (in the far infra-red). A fuller list is given 
in Table II. 

Lasers using calcium fluoride crystal have been 
found to require less pump power than the ruby 
type and are in fact more efficient, also they have 
been made to operate in a continuous fashion instead 
of emitting bursts of radiation. The main dis- 
advantage of these at the moment is that they must 
operate at very low temperatures. 

Each crystalline material and its dopant has a 
particular output wavelength as is shown in the 
table although it is possible to vary this slightly by a 
a change in operating temperature3. A difference of 
almost 20 angstroms was detected between the output 
of a ruby at -180oC (6934 angstroms). and that at 

210oC (6953 angstroms). This could prove a most 
useful feature, for by allowing the frequencies so 
generated to beat together difference frequencies 
would be produced, just as with conventional oscil- 
lators. In this case " thermal tuning " of one maser 
would produce a tremendous range of output 
frequencies. By varying the temperatures appro- 
priately it seems that it may be possible to generate 
almost any frequency between zero and 10,000,000 
Mc/s with one pair of maser crystals. 

(To be concluded) 
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After hovering around 20 for some months the sun- 
spot number for May leapt to 52. Although month-to- 
month variations of this magnetitude are not uncommon 
the figure for May emphasizes that solar activity has 
now declined very little over a period of 2 years. A 
slow decline may be expected in coming months but the 
effect of this will be masked by the more significant 
seasonal changes. 

The prediction curves show the median standard 
MUF, optimum traffic frequency and the lowest usable 
high frequency (LUF) for reception in this country. 
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Unlike the MUF, the LUF is closely dependent upon 
such factors as transmitter power, aerials, local noise 
level and the type of modulation: it should generally be 
regarded with- more diffidence than the MUF. The 
LUF curves shown are those drawn by Cable and Wire- 
less, Ltd., for commercial telegraphy and they serve to 
give some idea of the period of the day for which 
communication can be expected. 
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Transistor High-quality Pre-amplifier· 
SUIT ABLE FOR USE WITH THE MULLARD lOW CLASS AB, lOW CLASS B AND 

SW CLASS A TRANSISTOR AMPLIFIERS 
BY E.. CARTER* AND P. THARMA,*s.sc. (Hons.) 

THIS pre-amplifier is suitable for most crystal 
and ceramic pickup heads. In the magnetic pickup 
position, the circuit gives correct equalization for a 
pickup head of 500mH inductance. Other va}ues 
of inductance require a different resistor in the input 
circuit. In the " radio input " position, the input 
resistance is lOOk n and the sensitivity lOOm V. 
Other values of input resistance and sensitivity can 
be obtained by altering resistor values. 

Bass and treble tone controls are provided. A 
design is also given for simple h.f. and 1.[ filters. 

The pre-amplifier uses inexpensive germanium 
alloy transistors, type OC75 and due to the particular 
design of the input amplifier, the noise is well below 
typical user requirements. It is hoped to deal 
with the general problem of noise in audio amplifiers 
in an article in a subsequent issue. 

General Considerations 
The number of amplifying stages, the location of 
volume and tone controls, and the signal levels 
throughout the pre-amplifier are · governed by a 
number of conflicting requirements. 

An important requirement is that all amplifying 
stages prior to the volume control should be capable 
of handling signals much greater than the nominal 
input level. This is necessary because of the wide 
variations .of recording levels and sensitivities of 
pickups; and it is common practice to design the 
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" pre-volume-control " stages to handle an increase 
of input level by a factor of at least 10 without 
excessive distortion. Obviously it is easier to 
obtain large dynamic ranges if the signal levels are 

· very low. However, too low a signal level would 
make the noise contributed by the circuit very 
much more troublesome. Thus the location of the 
volume control is a compromise between dynamic 
range and noise. 

The noise requirements, which . will be discussed 
in a subsequent article, are as follows. First, the 
noise introduced by the pre-amplifier should be well 
below the noise present with the programme material, 
.e.g., record noise. This requires careful design 
of the input stage and, again, the operating condi
tions of the input transistor are a compromise between 
noise and dynamic range. The second requirement 
is that with the volume control turned down fully, 
the noise from the system under typical user conditions 
should be inaudible. To meet this condition, the 
volume control should be as late as possible in the 
system. This however conflicts with the dynamic 
range requirement and in practice a compromise is 
adopted. · 

Tone controls · generally introduce a loss-a 
factor · of 10 or more being common. Placing the 
tone controls before the volume control increases 
the signal handling problems of the pre-volume
control stages. If the tone control is placed immed
iately after the volume control then the signal level 
after the tone controls may be so low that the noise 
of the stage following the tone control becomes a 
problem. A better solution is to follow the volume 
control by a single stage of amplification and then 
the tone control circuits. 

Equalization for Magnetic Pickups 
The recording characteristic (i.e., the relationship 
between the lateral velocity of the cutter and 
frequency) in common use is shown in Fig. 1. With 
a magnetic pickup the e.m.f. is proportional to the 
rate of change of flux in the magnetic circuit, and 
therefore the playback characteristic is identical 
with the recording characteristic. A correction 
circuit for magnetic pickups should therefore have 
a response complementary to the recording charac
teristic as shown in Fig. 2 . 

With valve amplifiers it is common practice to 
terminate the pickup with a high resistance (50-
lOOk 0) and apply the full equalization of Fig. 2. 
A similar arrangement can be adopted with transistor 
circuits, i.e,, the amplifier can be designed to have 
a high input resistance and the full equalization 

* Mullard Applications Research Laboratory 
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J. HIS pre-amplifier is suitable for most crystal 
and ceramic pickup heads. In the magnetic pickup 
position, the circuit gives correct equalization for a 
pickup head of 500mH inductance. Other values 
of inductance require a different resistor in the input 
circuit. In the " radio input " position, the input 
resistance is 100k O and the sensitivity lOOmV. 
Other values of input resistance and sensitivity can 
be obtained by altering resistor values. 

Bass and treble tone controls are provided. A 
design is also given for simple h.f. and l.f. filters. 

The pre-amplifier uses inexpensive germanium 
alloy transistors, type OC75 and due to the particular 
design of the input amplifier, the noise is well below 
typical user requirements. It is hoped to deal 
with the general problem of noise in audio amplifiers 
in an article in a subsequent issue. 

General Considerations 

The number of amplifying stages, the location of 
volume and tone controls, and the signal levels 
throughout the pre-amplifier are governed by a 
number of conflicting requirements. 

An important requirement is that all amplifying 
stages prior to the volume control should be capable 
of handling signals much greater than the nominal 
input level. This is necessary because of the wide 
variations of recording levels and sensitivities of 
pickups; and it is common practice to design the 
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" pre-volume-control " stages to handle an increase 
of input level by a factor of at least 10 without 
excessive distortion. Obviously it is easier to 
obtain large dynamic ranges if the signal levels are 
very low. However, too low a signal level would 
make the noise contributed by the circuit very 
much more troublesome. Thus the location of the 
volume control is a compromise between dynamic 
range and noise. 

The noise requirements, which will be discussed 
in a subsequent article, are as follows. First, the 
noise introduced by the pre-amplifier should he well 
below the noise present with the programme material, 
e.g., record noise. This requires careful design 
of the input stage and, again, the operating condi- 
tions of the input transistor are a compromise between 
noise and dynamic range. The second requirement 
is that with the volume control turned down fully, 
the noise from the system under typical user conditions 
should be inaudible. To meet this condition, the 
volume control should be as late as possible in the 
system. This however conflicts with the dynamic 
range requirement and in practice a compromise is 
adopted. 

Tone controls generally introduce a loss—a 
factor of 10 or more being common. Placing the 
tone controls before the volume control increases 
the signal handling problems of the pre-volume- 
control stages. If the tone control is placed immed- 
iately after the volume control then the signal level 
after the tone controls may be so low that the noise 
of the stage following the tone control becomes a 
problem. A better solution is to follow the volume 
control by a single stage of amplification and then 
the tone control circuits. 

Equalization for Magnetic Pickups 

The recording characteristic (i.e., the relationship 
between the lateral velocity of the cutter and 
frequency) in common use is shown in Fig. 1. With 
a magnetic pickup the e.m.f. is proportional to the 
rate of change of flux in the magnetic circuit, and 
therefore the playback characteristic is identical 
with the recording characteristic. A correction 
circuit for magnetic pickups should therefore have 
a response complementary to the recording charac- 
teristic as shown in Fig. 2. 

With valve amplifiers it is common practice to 
terminate the pickup with a high resistance (50- 
100k O) and apply the full equalization of Fig. 2. 
A similar arrangement can be adopted with transistor 
circuits, i.e., the amplifier can be designed to have 
a high input resistance and the full equalization 

Fig. 2. Equalization required for magnetic pickups. * Mullard Applications Research Laboratory 
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Controls on the front panel. 

applied in the amplifier using suitable networks. 
A better circuit arrangement which gives improve
ments in sensitivity and signal-to-noise ratio is 
shown in Fig. 3. In this the pickup is terminated 
with a low resistance such that the total resistance 
in the pickup circuit together with its inductance 
gives the upper frequency roll-off. Frequency-· 
dependent feedback via R1, Cs provides the rest of 
the equalization, i.e., the bass lift part of Fig. 2. 

Equalization for Crystal Pickups 
The equalization required for crystal pickups is 
somewhat different. · The open circuit voltage from 
a crystal pickup is proportional to the displacement 
of the stylus, and the playback characteristic is 
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AMPL IFI ER 

MAGNETIC PICKUP 
(Eg o:: VELOCITY) .,.- in<<Rs . 

Fig. 3. Equalization for magnetic pickup. 
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therefore similar to the amplitude versus frequency 
recording characteristic. This characteristic, de
rived from Fig. 1, is shown in Fig. 4. With valve 
amplifiers the pickup is usually terminated with a 
high resistance (1-2MD) and no further equalization 
is used. A similar arrangement is possible with 
transistor ·amplifiers, a high resistance (1-2MD) 
being used in series with the pickup. A significant 
improvement in signal-to-noise ratio can be obtained 
with the circuit shown in Fig. 5. In this, the 
pickup is connected directly to the input stage. Since 
the source impedance is capacitive the signal current 
into the transistor increases with increase of fre
quency. This rising frequency characteristic is 
compensated by capacitive feedback via C,. The 
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playback characteristic will then be similar to the 
amplitude versus frequency recording characteristic 
of Fig. 4. The " step " in the playback character
istic can be eliminated if the more complicated feed
back network R 2 C 2 C 1 of ,Fig. 6 is used instead of 
single capacitor. 

The pre-amplifier circuit is shown in Fig. 6. The 
transistors Tr 1 and Tr2 forming the input amplifier 
are direct coupled with overall d.c. feedback via R 9 

to stabilize operating conditions. The undecoupled 
emitter resistor R 12 reflects a high impedance to the 
collector of Trl. The voltage gain of Trl is there
fore high, enabling high impedance feedback net
works to be used for equalization. 

In the magnetic pickup position, R 6 in conjunction 
with the pickup inductance gives the h.f. roll-off. 
The value of R 6 should be chosen to suit the in
dividual pickup-

Ls 
200mH 
300mH 
400mH 
500mH 
600mH 
700mH 

R6 
2.7kD ' 
4 .7kD 
5.6kD 
6.8kD 
8.2kD 
lOkD 

The bass lift equalization characteristic is provided 
by the feedback components R 3 and C 3• R 4 across C 3 

restricts the otherwise excessive gain at very low 
frequencies. 

In the crystal pickup position equalization is 
provided by the network R 2, C 2, C 1• The component 
values are suitable for pickups with capacitances 
greater than 500pF. The lower cut-off frequency 
is about 80 cjs-this is equivalent to using a 5M .Q 

load across the pickup in conventional valve circuits. 
In the radio position the gain is determined by the 
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Fig. 4. Standard recording characteristic (amplitude versus 
frequency). 
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applied in the amplifier using suitable networks. 
A better circuit arrangement which gives improve- 
ments in sensitivity and signal-to-noise ratio is 
shown in Fig. 3. In this the pickup is terminated 
with a low resistance such that the total resistance 
in the pickup circuit together wi ti its inductance 
gives the upper frequency roll-off. Frequency-1— 
dependent feedback via Cs provides the rest of 
the equalization, i.e., the bass lift part of Fig. 2. 

Equalization for Crystal Pickups 

The equalization requ ed for crystal pickups is 
somewhat different. The open circuit voltage from 
a crystal pickup is proport inal to the displacement 
of the stylus, and the playback characteristic is 
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playback characteristic will then be similar to the 
amplitude versus frequency recording characteristic 
of Fig. 4. The " step " in the playback character- 
istic can be eliminated if the more complicated feed- 
back network R2 Ca Ci of Fig. 6 is used instead of 
single capacitor. 

The pre-amplifier circuit is shown in f g. 6. The 
transistors Trl and Tr2 forming the input amplifier 
are direct coupled with overall d.c. feedback via R9 

to stabilize operating conditions. The undecoupled 
emitter resistor R12 reflects a h'gh mpedance to the 
collector of Trl. The voltage gidn of Trl is there- 
fore high, enabling high impedance feedback net- 
works to be used for equaliza on. 

In the magnetic pi :kup position, R6 in conjunction 
with the pickup inductance gives the h.f. roll-off. 
The value of R6 should be chosen to suit the in- 
dividual pickup— 

Ls 
200mH 
300mH 
400mH 
500mH 
600mH 
700mH 

Re 
2.7k O 
4.7k O 
5.6kQ 
6.8kQ 
8.2k O 
10k O 

The bass lift equalization characteristic is provided 
by the feedback components R3 and C3. R4 across C3 
restricts the otherwise excessive gain at very low 
frequenc ss. 

In the crystal pickup posi ion equalization is 
provided by the network R2, C2, CV The component 
values are suitable for p.. kups with capacitances 
greater than 500pF. The lower cut-off frequency 
is about 80 c/s—this is equivalent to using a 5MQ 
load across the pickup 1 conven onal valve circuits. 

In the radio position the gain is determined by the 
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therefore similar to the amplitude versus frequency 
recording characterist .. Th ! characteristic, de- 
rived from Fig. 1, is shown in Fig. 4. With valve 
amplifiers the pickup is usually terminated with a 
high resistance (1-2MO) and no further equalization 
is used. A similar arrangement is possible with 
transistor amplifiers, a I gh resistance (1-2MQ) 
being used in series with the p :kup, A s.gr ficant 
improvement 1 signal-to-noise ratio can be obtained 
with the circuit shown in Fig. 5. In this, the 
pickup is connected directly to the input stage. Since 
the source impedance is capacitive the signal current 
into the transistor increases with ncrease of fre- 
quency. This rising frequency characteristic is 
compensated by capacitive feedback via CB. The 
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Fig . 6. Complete circuit diagram of pre-amplifier and (below) component list. 

Transistors 
Trl OC75 
Tr2 OC75 
Tr3 OC75 

feedback resistor R 1 and the input resistance by R 5• 
These can be chosen to suit individual requirements. 

The input amplifier is followed by the volume 
control, and by the balance and blend controls (for 
stereo). These are followed by the amplifying stage consisting of transistor Tr3, which feeds the 
tone control network. Overall negative feedback is applied via resistor R 18 to reduce distortion. 

Switched bass and treble tone controls are pro
vided. By switching, it is easier to maintain identical responses between both channels of a · stereo system. 
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68!1 
39!1 ' 

20k!l log. 1 W potentiometer (ganged for stereo) 
25k0 linear potentiometer 
25k0 log potentiometer 

Capacitors 
cl 0.068/LF 125V Mullard Type 

C296AA/ A68K 
C2, Ca 0.033/LF 125V Mullard Type 

C296AA/ A33K 
C14 0.22f1F 125V Mullard Type 

C296AA/ A220K 
C15, C17 0.47 fLF 125V Mullard Type 

C296AA/A470K 
cl6 0.047 fLF 125V Mullard Type 

C296AA/A47K 
c4, CG, Cs, c lOJ cl2 40f1F 16V Mul.lard Type 

C426AM/E40 
C5, Cn 25fLF 25V Mullard Type 

C426AM/F25 
c7 IOOfLF 4V Mullard Type 

C426AM/B100 .::::o, C1a 400f1F 6.4V Mullard Type 
C426AM/C400 

Also the values of resistance for equal increments 
of boost or cut are such that conventional potentio
meters will not be suitable. This is due to the tone control circuit being part of the feedback network. If sufficient feedback is used to reduce distortion and passive tone control circuits with conventional 
potentiometers used, then the loss of gain will be greater and an extra stage may be necessary. 

Simple h.f. and l.f. filters can be added to the 
circuit of Fig. 6. The lower cut-off frequency of 
the pre-amplifier is about 20 c/s. This can be 
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Transistors 
Trl OC75 
Tr2 OC75 
Tr3 OC75 

Resistors Cracked carbon 118 
Ru R33 Rl63 Rl7J Rsi 8.2kfl 
R2, R33 1.8kD 
R4, R5 100k O 
Rfij Rl85 R265 R27 6.8kfl 
r7 15kfl 
R8 33k O 
R95 R35 lOkO 
Rio, Rn 4.7k Q 
R123 R3I 150 fl 
R13 220 n 
Rl45 Rj.'-Sj R29 680 Q 
RlS 100Q 
Rl95 R28 2.7k fl 
R2O3 R30 470n 
RQI 820 fl 
R22 l.Okfl 
R24 1.2kfl 
R26 l.SkQ 
R32 270 n 
R36 120D 

Fig. 6. Complete circuit diagram of pre-amplifier and (below) component list. 

39 Cl 

^£^5? 1°^' potentiometer (ganged for stereo) 25k Q linear potentiometer 
25k fi log potentiometer 

Capacitors 
Ci 

C2, C3 

Cm 

Cl5j C17 

Qie 

C45 C;;, Cg, Cjq, V_,12 

Cq, Cj! 

C7 

^95 Cj3 

0.068/xF 125V Mullard Type 
C296AA/A68K 

0.033/xF 125V Mullard Type 
C296AA/A33K 

0.22^F 125V Mullard Type 
C296AA/A220K 

0A7/llF 125V Mullard Type 
C296AA/A470K 

0.047MF 125V Mullard Type 
C296AA/A47K 

40/-; F 16V Mullard Type 
C426AM/E40 

25[iF 25V Mullard Type 
C426AM/F25 

100/aF 4V Mullard Type 
C426AM/B100 

400/;F 6.4V Mullard Type 
C426AM/C400 

feedback resistor R! and the input resistance by Rg. 
These can be chosen to suit individual requirements. 

The input amplifier is followed by the volume 
control, and by the balance and blend controls (for 
stereo). These are followed by the amplifying 
stage consisting of transistor Tr3, which feeds the 
tone control network. Overall negative feedback 
is applied via resistor R18 to reduce distortion. 

Switched bass and treble tone controls are pro- 
vided. By switching, it is easier to maintain identical 
responses between both channels of a stereo system. 

Also the values of resistance for equal increments 
of boost or cut are such that conventional potentio- 
meters will not be suitable. This is due to the tone 
control circuit being part of the feedback network. 
It sufficient feedback is used to reduce distortion 
and passive tone control circuits with conventional 
potentiometers used, then the loss of gain will be 
greater and an extra stage may be necessary. 

Simple h.f. and l.f. filters can be added to the 
circuit of Fig. 6. The lower cut-off frequency of 
the pre-amplifier is about 20 c/s. This can be 
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Rear view of prototype pre-amplifier. 

increased by decreasing the value 
of the coupling capacitor cl2 
(Fig. 8). Suitable values are 

C 20 = 0.47/LF, lower cut-off 
frequency 50 -cjs 

C 21 = 0.221-LF, lower cut-off 
frequency 100 c/s 
The h.f. response can be reduced 
by shunting the feedback resistor 
R18 with suitable capacitors, thus 
forming a h.f. filter 

C18 = 3300pF, upper cut-off 
frequency 8 kc/s 

C19 = 2200 pF, upper cut-off 
frequency 12 kc/s 
The sensitivity of the pre-amplifier 
in the magnetic pickup position is 
5m V for an output current of 
1401-LA. This current of 1401-LA is 
the input required by the 1 OW 
Class AB amplifier for an output of 
lOW. The corresponding sen
SitiVIty in the crystal pickup 
position is 500m V (source capaci
tance 500pF), and the sensitivity m the radio 
position is 100mV. 

The total harmonic distortion at 1kc/s in the. mag
netic pickup position is less than 0.05 % for an input 
·of 5mV. If the input is increased to 50mV and the 
volume control turned down so that the output is 
140 /LA, then the total harmonic distortion increases 
to about 0.3 % . 

The tone control characteristics are shown in Fig. 
7, and cover the range 

Bass + 12dB to -13dB at 100c/s 
Treble + 8dB to -10dB at 10kc/s 
The noise spectra with the volume control at 

maximum and minimum are shown. in Fig. 9. The 
spectrum of acceptable noise is plotted on the 
assumption that 140 /LA corresponds to a sound pres
sure level of 90dB reference threshold. IntE'rpreta
tion of noise spectrum data will be discussed fully 
in a subsequent article. The noise is well below 
user requirements. ·A further improvement of about 
3dB can be obtained if AC107's are used instead of 
the OC75 for Trl and Tr3. 

The power supply requirement is about 12mA at . 
24-28V. 
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Fig. 7. Pre-amplifier tone control characteristics. 
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Rear view of prototype pre-amplifier. 

increased by decreasing the value A T f 
of the coupling capacitor 
(Fig. 8). Suitable values are fl 

Qo — 0.47fiF} lower cut-off 

C21 == 0.22/j.F, lower cut-off 

The h.f. response can be reduced 
by shun ng the feedback resistor 
R18 with suitable capacitors, thus ^ Bp 

C18 = 3300pF, upper cut-off 

C19 = 2200 pF, upper cut-off 

The sensitivity of the pre-amplifier 
in the magnetic pickup position is 
5mV for an output current of ||j|| J 
140/xA This current of 140/xA is 
the input required by the 10W 
Class AB amplifier for an output of 
10W The corresponding sen- 
sitivity in the crystal pickup 
position is 500mV (source capac: 
tance 500pF), and the: sensitivity in the radio 
position is lOOmV. 

The total harmonic distortion at Ikc/s in the, mag- 
netic pickup position is less uhan 0.05% for an input 
of 5mV. If the input is increased to 50mV and the 
volume control turned down so that the output is 
140/^A, then the total harmonic distortion increases 
to aoout 0.3%. 

The tone control characteristics are shown in Fig. 
7, and cover the range 

Bass -|-12dB to — 13dB at lOOc/s 
Treble +8dB to — lOdB at lOkc/s 
The noise spectra with the volume control at 

maximum and minimum are shown in T.g. 9, The 
spectrum of acceptable noise is plotted on the 
assumption that 140/xA corresponds to a sound pres- 
sure level of 90dB reference threshold. Interpreta- 
tion of noise spectrum data will be discussed fully 
in a subsequent article. The noise is well below 
user requirements. ' A further improvement of about 
3dB can be obtained if AClOV's are used instead of 
the OC75 for Trl and Tr3, 

The power supply requirement is about 12mA at 
24-28V. 
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News from Industry 

The Ministry of Aviation has placed an order to the 
value of £1.5M with Marconi's W /T Company fqr the 
supply of high-frequency mobile radio stations. This 
order follows a similar contract placed with Marconi's 
in 1960 and calls for a number of Type Dll and D13 
transmitter-receivers, the latter type embodying two 
receivers for dual diversity operation. 

The East African Governments announce that the 
branches of Cable & Wireless Ltd., in East Afnca, are 
to be taken over from 1st January next. Announcing 
this in parliament, the Minister of Communications, 
Power and Works, Mr. Amir Jamal, said a controlling 
interest is to be acquired by the Posts and Telegraphs 
Department of the East African Common Services 
Organisation, with Cable & Wireless retaining the 
balance of shares. 

The Plessey Company which through two of its main 
subsidiaries, Automatic Telephone & Electric Co. and 
Ericsson Telephones Ltd. owns a 50 % interest in Tele
phone & Electrical Industries Pty. Ltd., of New South 
Wales, has now acquired the 25 % interest in this 
company, previously owned by the General Electric 
Company. 

Pye-Goodmans Deal.-The Vibrator Division of 
Goodmans Industries Ltd., a subsidiary of Relay Ex
changes Ltd., has been acquired by Pye-Ling Ltd.; a 
member company of the Pye organization. Pye-Ling, 
of Royston, Herts., will market the complete range of 
Goodmans vibration equipment, under the name of 
" Goodmans " This transaction does not affect the 
manufacture and marketing of Goodmans loudspeakers. 

Amphenol Borg Ltd. has acquired Electronic Insula
tors Ltd., the manufacturers of cable assemblies and 
phasing connectors. Electronic Insulators wa formed 
last year by G. W. Bagshaw, M.Brit.I.R.E , Assoc I.E.E., 
who was associated with J C. Graves and Co. (tht pre
war set manufacturers of Sheffield) which subsequently 
became the Wireless Telephone Company, now part of 
the Plessey organization. 

Standard Telephones and Cables Ltd. has amalgam
ated its Transistor Division of Footscray, Kent, and its 
Rectifier Division of Harlow, Essex, to form a single 
Semiconductor Division. The new division employs 
some 2,000, and is managed by J M Wilson who was 
formerly manager of the Rectifier Division. 

A new company Associated Electrical Maintenance 
Ltd., has been formed to take over the duties of Home 
Maintenance Ltd. wh1ch covers the service activities of 
the Clarke and Smith Industrial Group G . W Aggett, 
formerly with Magneta (B V.C) Ltd., has be n 
appointed managing director of the new company, and 
also of Clarke and Smith Rentals Ltd., an associate 
company 

The Rank Organisation have formed a new division 
to be responsible for the manufacture and mark-eting of 
their Xeronic high-speed computer output printers; it 
will also be responsible for the manufacture of their 
Copyflo continuous printers. Formerly known as the 
Electronics Department of Rank Precision Industries, 
the new division is to be known as the Rank Data 
Systems Division and will operate under I D. Brother
ton at Woodger Road, Shepherds Bush, London, W.12. 

A new division, to be known as the Divi
sion, has been formed by E.M.I. Electronics Ltd. to 
take over the systems activities of the Industrial and 
Instrument Divisions. 
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U.K.-Poland Trade Agreement.-A five-year trade 
agreement was signed with Poland in June this year. 
Previous agreements with Poland have been for only 
three-year periods. Britain is the major trade partner 
with Poland in the west and in the last trading yea,r, 
which ended 30th June, the combined value of Anglo
Polish trade totalled £69,000,000. The Polish quota of 
exports to Britain for the first year of the new agreement 
.includes . £150,000 worth of domestic radio, audio and 
television equipment and parts (including £30,000 worth 
of transistors and transistor equipment and £30,000 
worth of domestic valves and tubes). Industrial valves 
and parts to the value of £5,000 are also to be admitted. 
The quota of British exports to Poland includes £440,000 
worth of radio, audio and television equipment and 
components plus £550,000 worth of scientific and 
industrial instruments and equipment. 

Controls and Communications Ltd., formerly known 
as Radio and Television Trust, announce a profit for the 
year ended 31st March of £292,888 after taxation of 
£274,375 . This represents an increase of £78,687 on 
the previous year. Subsidiaries of this company in
clude Thermionic Products, Airmec, British · Communica
tions Corporation, and Modern Aerials. 

Ferranti Ltd.-Group profit after all charges, includ
ing taxation, for the year ended 31st March amounted 
to £778,772 after taking account of a £368,539 deficit 
accumulated by its subsidiary q)mpanies. The Group 
profit represents a decrease of £i34,245 on the previous 
year's figure. 

Pre-tax profits of Dansette Products Ltd. for the year 
ended 31st March amounted to £251,676. This figq.re 
represents a drop of over £170,000 on the previous year's 
profits. Tax this year amounted to £142,213 leaving a 
net profit of £109,463 compared with £181,917 the 
previous year. 

Colvern Ltd.-Profit, before tax, for the year ended 
31st March amounted to £275,360. Tax for the year 
took £143,968 leaving a net profit of £131,392-an 
increase of £7,242 on the previous year's figure. 

Ultra Electric (Holdings) Ltd.-Profit after taxation for 
the year ended 30th March amounted to £161,325. This 
represents a drop of over £50,000 on the previous year's 
figure . · 

C.S.F.-Compagnie Generale de Telegraphic sans fil, 
one of the major French electronics companies, 
announces a net pro1Jt of Frs. 12,378,938 for the year 
1962. Turnover for the same year amounted to 
Frs. 880,620,000 of which Frs . 166,889,000 was from 
overseas trade. 

We have received an English edition of the annual 
report of A.E.G. for 1961/62 which records that Tele
funken contributed 60 % of the DM · 1,262,000,000 
turnover of the subsidiaries. The parent company's 
turnover, without subsidiaries, rose to DM 2,067 ,000,000. 
The group net profit was nearly DM 52,000,000 (approx. 
£4.7M ). 

International Aeradio.-The gross turnover of the 
company in 1962 amounted to £3,250,000. This repre
sents an increase of £450,000 on the previous year. 

Change of Name.--British Electronic Industries Ltd., 
which was formed about three years ago to acquire the 
shares of Pye Ltd. and E . K. Cole Ltd., is now to be 
called Pye of Cambridge Ltd. 

Marconi Instruments have asked us to point out that 
the distortion figure of 0.5 % given for their TF 2100 a.f. 
oscillator in our review of the Components Show, page 
329 of July, should have been 0.05 %. However, 0.5 % 
does apply for their TF 2101 m.f. oscillator. 
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Power and Works, Mr. Amir Jamal, said a controlling 
interest is to be acquired by the Posts and Telegraphs 
Department of the East African Common Services 
Organisation, with Cable & Wireless retaining the 
balance of shares. 

The Plessey Company which through two of its main 
subsidiaries. Automatic Telephone & Electric Co. and 
Ericsson Telephones Ltd. owns a 50% interest in Tele- 
phone & Electrical Industries Pty. Ltd., of New South 
Wales, has now acquired the 25% interest in this 
company, previously owned by the General Electric 
Company. 

Pye-Goodmans Deal.—The Vibrator Division of 
Goodmans Industries Ltd., a subsidiary of Relay Ex- 
changes Ltd., has been acquired by Pye-Ling Ltd., a 
member company of the Pye organization. Pye-Ling, 
of Royston, Herts., will market the complete range of 
Goodmans vibration equipment, under the name of 
" Goodmans" This transaction does not affect the 
manufacture and marketing of Goodmans loudspeakers. 

Amphenol Borg Ltd. has acquired Electronic Insula- 
tors Ltd., the manufacturers of cable assemblies and 
phasing connectors. Electronic Insulators wa formed 
last year by G. W. Bagshaw, M.Brit.I.R.E , Assoc I.E.E., 
who was associated with J C. Graves and Co. (the pre- 
war set manufacturers of Sheffield) which subsequently 
became the Wireless Telephone Company, now part of 
the Plessey organization. 

Standard Telephones and Cables Ltd. has amalgam- 
ated its Transistor Division of Footscray, Kent, and its 
Rectifier Division of Harlow, Essex, to form a single 
Semiconductor Division. The new division employs 
some 2,000, and is managed by J M Wilson who was 
formerly manager of the Rectifier Division. 

A new company Associated Electrical Maintenance 
Ltd., has been formed to take over the duties of Home 
Maintenance Ltd. which covers the service activities of 
the Clarke and Smith Industrial Group G. W Aggett, 
formerly with Magneta (B V.C) Ltd., has be n 
appointed managing director of the new company, and 
also of Clarke and Smith Rentals Ltd., an associate 
company 

The Rank Organisation have formed a new division 
to be responsible for the manufacture and marketing of 
their Xeronic high-speed computer output printers; it 
will also be responsible for the manufacture of their 
Copyflo continuous printers. Formerly known as the 
Electronics Department of Rank Precision Industries, 
the new division is to be known as the Rank Data 
Systems Division and will operate under I D. Brother- 
ton at Woodger Road, Shepherds Bush, London, W.12. 

^ A new division, to be known as the Automation Divi- 
sion, has been formed by E.A1.I, Electronics Ltd. to 
take over the systems activities of the Industrial and 
instrument Divisions. 

U.K.-Poland Trade Agreement.—A five-year trade 
agreement was signed with Poland in June this year. 
Previous agreements with Poland have been for only 
three-year periods. Britain is the major trade partner 
with Poland in the west and in the last trading year, 
which ended 30th June, the combined value of Anglo- 
Polish trade totalled £69,000,000. The Polish quota of 
exports to Britain for the first year of the new agreement 
includes £150,000 worth of domestic radio, audio and 
television equipment and parts (including £30,000 worth 
of transistors and transistor equipment and £30,000 
worth of domestic valves and tubes). Industrial valves 
and parts to the value of £5,000 are also to be admitted. 
The quota of British exports to Poland includes £440,000 
worth of radio, audio and television equipment and 
components plus £550,000 worth of scientific and 
industrial instruments and equipment. 

Controls and Communications Ltd., formerly known 
as Radio and Television Trust, announce a profit for the 
year ended 31st March of £292,888 after taxation of 
£274,375. This represents an increase of £78,687 on 
the previous year. Subsidiaries of this company in- 
clude Thermionic Products, Airmec, British Communica- 
tions Corporation, and Modern Aerials. 

Ferranti Ltd.—Group profit after all charges, includ- 
ing taxation, for the year ended 31st March amounted 
to £778,772 after taking account of a £368,539 deficit 
accumulated by its subsidiary companies. The Group 
profit represents a decrease of £134,245 on the previous 
year's figure. 

Pre-tax profits of Dansette Products Ltd. for the year 
ended 31st March amounted to £251,676. This figure 
represents a drop of over £170,000 on the previous year's 
profits. Tax this year amounted to £142,213 leaving a 
net profit of £109,463 compared with £181,917 the 
previous year. 

Colvern Ltd.—Profit, before tax, for the year ended 
31st March amounted to £275,360. Tax for the year 
took £143,968 leaving a net profit of £131,392—an 
increase of £7,242 on the previous year's figure. 

Ultra Electric (Holdings) Ltd.—Profit after taxation for 
the year ended 30th March amounted to £161,325. This 
represents a drop of over £50,000 on the previous year's 
figure. 

C.S.F. Compagnie Generale de Telegraphic sans fil, 
one of the major French electronics companies, 
announces a net prout of Frs. 12,378,938 for the year 
1962. Turnover for the same year amounted to 
Frs. 880,620,000 of which Frs. 166,889,000 was from 
overseas trade. 

We have received an English edition of the annual 
report of A.E.G. for 1961/62 which records that Tele- 
funken contributed 60% of the DM 1,262,000,000 
turnover of the subsidiaries. The parent company's 
turnover, without subsidiaries, rose to DM 2,067,000 000 
The group net profit was nearly DM 52,000,000 (approx. 
£4.7M). 

International Aeradio.—The gross turnover of the 
company in 1962 amounted to £3,250,000. This repre- 
sents an increase of £450,000 on the previous year. 

Change of Name.—British Electronic Industries Ltd., 
which was formed about three years ago to acquire the 
shares of Pye Ltd. and E. K. Cole Ltd., is now to be 
called Pye of Cambridge Ltd. 

Marconi Instruments have asked us to point out that 
the distortion figure of 0.5% given for their TF 2100 a.f. 
oscillator in our review of the Components Show, page 
329 of July, should have been 0.05%. However 0 5% 
does apply for their TF 2101 m.f. oscillator. 
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Testing microminiature solid circuits at the Caswell Research 
Laboratory of the Plessey Company:. A silicon slice containing 
over one hundred solid circuits is being checked with point probes. 

Georg C. K . Withof, G.m.b.H., of West Germany, 
who were until recently represented in this country by 
Thorn Electronics Ltd., are now being represented in 
the U.K. by Research and Control Instruments, a sub
sidiary of N . V. Philips of Eindhoven. Withof products 
include industrial process monitoring, control and allied 
equipment. Thorn Electronics Ltd. are now marketing 
the range of temperature ip.dicators and controllers, 
potentiometric recorders and other instruments manu
factured by Hartmann and Braun A.G., of Frankfurt. 

Rank Cintel, a division of the Rank Organisation, is 
to market some of the counter-timers manufactured by 
the Systron Division of the Systron Donner Corpora
tion, of America. These instruments will supplement 
the range of Rank Cintel laboratory equipment and it is 
expected that selected models from the Systron range 
will shortly be manufactured in this country under the 
trading name Rank Cintel Systron. 

Keyswitch Relays Ltd., of 120-132 Cricklewood Lane, 
London, N.W.2, announce that they are now handling 
the American Omron series of relays. 

Stephenson, Mills Ltd. of New Malden, Surrey, have 
been appointed U.K. agents for Technical Wire Pro
ducts Inc., of New Jersey, U.S.A., whose products in
clude an extensive range of r.f. interference shields. 

R. H. Cole (Overseas) Ltd., of 26-32 Caxton Street, 
Westminster, London, S.W.l, who for some years have 
been U.K. agents for Siemens & Halske components and 
test gear, are now also handling their special purpose 
valves. 

Roberts Electronics, of Hitchin, Herts., have recently 
been appointed agents for three American companies
Ramcor Inc., Melabs Inc., and Paradynamics Inc. 

A.E.P. International Ltd., of Hounslow, Middx., the 
U.K. associates of A.E.P. of Montreal, Canada, are now 
representing nearly twenty American and Canadian 
companies in this country. They include Lumatron 
Electronics Inc., Vidar Corp., Philbrick Researches Inc. 
and Non Linear Systems Inc. 

The Burroughs Corporation of America has appointed 
Walmore Electronics Ltd., of London, as representative 
in the U.K. for the products of its Electronic Com
ponents Division. 

Claude Lyons, of Liverpool, have been appointed 
agents for Millivac Instruments Inc. of Schenectady. 
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Tektronix Inc. of America have formed a British sub
sidiary, Tektronix U.K. Ltd., to market their range of 
oscilloscopes and instruments in Great Britain. Harry 
Sellers, previously commercial director of Livingston 
Laboratories, has been appointed managing director of 
the new mbsidiary which is scheduled to corrie into 
operation next January. Livingston Laboratories are to 
continue distributing Tektronix equipment until 1st 
January 1965. 

Painton & Co., Ltd., have been appointed exclusive 
agents in the U .K. for the sale of the entire range of 
products of Bourns Inc., California, U.S.A. For some 
time, Painton has held the manufacturing and selling 
rights fw the Bourns Trimpot range of potentiometers. 

"Electrosil Ltd., up to now a sales organization, is to 
undertake the manufacture of metal oxide resistors, pre
viously made by James A. Jobling, at its plant in 
Sunderland. 

G. & E. Bradley Ltd. have been awarded an initial 
contract, worth over £42,000, to supply the R.A.F. with 
test equipment for pre-flight testing TACAN air-to-air 
navigational equipment. 

Decca Type 424 airfield control radar is to be installed 
at Jersey airport in the Channel Islands. The equipment 
will be used primarily in the approach role, comple
mentary to the I.L.S. and surveillance radar systems 
already in use. 

Digital Measurements Ltd. have recently supplied the 
Admiralty with a seaborne digital data recording system. 
It will be used to evaluate new ship designs in terms of 
various motion parameters. 

A 16mm vidicon tele-cine unit manufactured by Auto
matic Information and Data Service Ltd. has been 
supplied to Tyne-Tees Television. The unit, built 
from standard Vidiaids equipment, is designed for 
405-line operation. 

British Brown-Boveri Ltd. have moved to Glen House 
in Stag Place, London, ·S.W.l. (Tel.: TATe Gallery 
9422.) 

The new London headquarters of the General Electric 
Company is 1 Stanhope Gate, London, W .l. (Tel. 
HYDe Park 8484.) 

OVERSEAS TRADE 
O.B. Television Vehicles.-Masinimport of Bucharqt, 

Rumania, have placed an order with Marconi's W /T 
.Company for a complete four-camera outside broadcast 
vehicle and a complete three-camera studio for 
Bucharest. Mark IV 4-!-in image orthicon cameras will 
be used in both the studio and O.B. vehicle. Radio 
Television Belgrade has also ordered a four-camera O.B. 
vehicle from Marconi, bringing their sales of these 
vehicles up t6 54, of which 32 are for abroad. 

The Belgian Television Authority has ordered eight 
camera channels and two 16-channel audio mixing units 
from Pye T.V.T. Ltd. to re-equip its Brussels studios. 

Redifort Ltd. has received a worth £30,000, 
to supply and install five radio beacon stations for .the 
Ports and Lighthouses Administration of the United 
Arab Republic. The stations to be sited at Alexandria 
and Rosetta are to operate on 303.4kc/ s and those at 
Damietta, Port Said and El Tor on 310.3kc/s. 

Germany's largest independent producers of TV pro
gramme material, Riva TV and Film Studios, have 
ordered four 4-!-in image orthicon cameras and an 8-
channel vision mixer, for a new studio from E.M.I. 
Electronics Ltd .. 

The New Zealand Civil Aviation Authority h(:!s ordered 
four instrument landing systems from Pye Telecom
munications of Cambridge. Two of these installations 
are to be fitted at Auckland's new airport and the other 
two at Christchurch airport. 
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