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LASERS

1.—GENERAL PRINCIPLES: LIGHT AMPLIFICATION IN CRYSTALS

By AUBREY HARRIS, A.mM.1L.LE.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 1958’ and a practical demonstration
that this was possible was reported by T. H. Maiman
(Hughes Aircraft Corporation) in 1960%. 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.)? 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. 1. Non-coherent radiation.
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and D. R. Herriott*, 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.LB.M. and M.L.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 509,-—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. 2. Coherent radiation,
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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 cokerent. 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 = 10-8%cm) 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 i1s 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 i1s 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 i-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 ='%A(Fig. 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 lLight 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

REFLECTING SURFACE

REFLECTING SURFACE

I RESONANT CAVITY

—

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 other and
producing a strong parallel beam. (Rays are shown slightly
non-parallel for clarity.)
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TABLE I: THE FOUR MAIN TYPES OF LASER WITH TYPICAL OPERATING CHARACTERISTICS FOR EACH TYPE.

) Output v
Typical Efficiency Spectral Beam Operating | Emission
Classification Material Input (per cent) (Wavelength| Frequency Width Divergence| Tempera- Mode
(angstroms) (c/s) (c/s) . ture
Doped crystal Ruby- 250-1,000 -3 6,943 4.321 x 10'%] 107-10° 0.1 degree 300°K Pulse
, chromium joules (room (10-* to 10-®
temperature)| sec)
Gas discharge Helium- 80-120 0.01-0.1 6,329 4.740 x Q!4 ’ 10°-104 0.5 minute | 300°K Continuous [
neon watts 11,530 | 2.627 x 10" !
Semiconductor Gallium 0.05 watts 20-50 8,440 3.554 x 10| [QM 1-5 degrees | 4.2°K Continuous
junction arsenide . (Liguid
helium)
Liquid Europium- | 0.0! joules . 20-30 6,129 4.894 x [0*4} 10'° 0.1-0.5 140°K Pulse
benzolace- degrees
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
mput 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

(¢) 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 (Al,0;); 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 (Cr,0,).

The ruby crystal is normally in the form of a cvlin-
drical rod, typically f-in diameter and 2in long.
(Sizes vary from between i-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
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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, 1009 reflectance, the
other end is designed to reflect about 95-989, 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
coarting 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

NON-RADIATIVE
ENERGY LOSS

EXCITED STATE 2258V
A
2+ &
METASTABLE STATE 1-83eV
» £,
4
5 .
z GREEN LIGHT
e ABSORBED N
5 AE=E,-Ey RED LIGHT
w e
5o A A= 5,500 ANGSTROMS EMITTED AND STIMULATED
AE=EgE,
AR =6943 ANGSTROMS
£y

GROUND STATE

Fig. 6. Energy level diagram for the ruby laser.
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(a) Light perpendicular to reflectors reinforces and stays

Fig.7
¢ (b) Light not perpendicular is lost through sides.

in cavity.

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

v = AE '
where 2 = Planck’s constant =(6.624 x 10-27 erg-
" sec)

v = frequency of radiation in cycles per second
AE = 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 E,

th:E2_E1

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

E,—E, 3.6x10-1' u )
S T e e 10 5.45x10'* c¢/s which
is equivalent to a wavelength of 5500 angstroms.

At the E, level there is a small, but inevitable,
energy loss and the atoms quickly drop to an inter-
mediate, or metastable level, E,, 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.

hvy = E; — E,

and as E;—E, is less than E,—E, the radiated fre-
quency (vg) is lower than the frequency of the light
absorbed during the pumping process (v,). The diff-
erence in energy between the E; level and ground
(E,) 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 10
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 E, 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 to
maintain equilibrium in the crystal. The first
atoms to fall radiate spontaneously and in doing so
stzmulate 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.

I.et 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 1s 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 {rom 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

RELATIVE

FLASH TUBE
ILLUMINATION
ON LASER ROD

I Il
2:0 MILLISEC

RELATIVE
LASER QUTPUT
INTENSITY

THRESHOLD
ILLUMINATION POINT

f l

0 l 0 20 MILLISEC
Fig. 8. Spiky output is due to momentary rapid depapulation
and repopulation of metastable fevel.

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

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 2-39%,. The beam width is of the order
of 10 milliradians (about % 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—uvisible light, infra-
red, ultra-violet, etc., but if only a narrow band sere
filtered out, say 1 Mc/s wide (that is, just over 103
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~* cm?)
In this minute area there will be a power concen-
tration of 10® watts cm? 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

'RUBY ROD ,

the lamp and crystal
is at the centre of
curvature of the
mirror and thus
all light emanating

\ <
/FLASH TUBE E

&

from this region

is reflected back

through the same
point (b).

A rather more
difficult mirror to
produce is the one
with the elliptical

™~ INTERNALLY REFLECTINGw

CIRCULAR-CYLINDRICAL MIRROR

! FLASH TUBE RUBY ROD

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. 1t will be
recalled that light
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«
\ INTERNALLY REFLECTING .~
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Fig. 10. Two ways of reinforcing the initial illumination.
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H. F. PREDICTIONS — AUGUST

TABLE H: ACTIVE MATERIALS AND OUTPUT WAYVE-
LENGTHS OF VARIOUS TYPES OF LASER.

Class Active Material (v::;::f:fg;
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 temperature®, A difference of
almost 20 angstroms was detected between the output
of a ruby at -180°C (6934 angstroms).and that at

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, 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 (ILUF) for reception in this country.

WIRLLESS WORLD, AUGUST 1963

MEDIAN STANDARD MUF
OPTIMUM TRAFFIC FREQUENCY
LOWEST USABLE HF

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

SUITABLE FOR USE WITH THE MULLARD 10W CLASS AB, 10W CLASS B AND

5W CLASS A TRANSISTOR AMPLIFIERS

BY E. CARTER* AND P. THARMA, *B.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 values
of inductance require a different resistor in the input
circuit. In the “radio input ” position, the input
resistance is 100kQ and the sensitivity 100mV.
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 Lf. 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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Fig. 1. British standard recording characteristic.
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Fig. 2. Equalization required for magnetic pickups.
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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. Obwviously 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-
100k Q) 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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Fig. 6. Complete circuit diagram of pvre-ampliﬁer and (below) component ist.

Transistors
Trl OC75
Tr2 0C75
Tr3 0OC75
Resistors Cracked carbon 1/8W 59,
Rl: R35 R16: R17: R34 8.2k Q)
RQ, R33 leQ
4 Rj 100k O
RGJ R183 R2GJ R27 6.8k
R; 15k Q)
Rq 33kQ
Ry, Ry5 10kQ
12> Ray 1500
13 %289
Ris Ros, R 800
R;;b 23> 129 | 2101(()9
Rigs Rug 7Tk Q
20> Rgo 4700
R, 8200
Rys 1.0kQ
Ry, v 1.2kQ
Ros 1.5kQ
R;, 2700
Ra- 120Q

R;, 68Q
38 39Q ‘
RV, 20k} log. 1W potentiometer (ganged for stereo)
RV, 25k linear potentiometer
RV, 25k log potentiometer
Capacitors
Cy 0.068uF 125V Mullard Type
C296AA/A68K
C,, Cg 0.033uF 125V Mullard Type
' C296AA/A33K
Cis 0.22uF 125V Mullard  Type
C296AA/A220K
C15, C17 O47,U.F 125V Mullard Type
C296AA/A4T0K
Cis 0.047uF 125V Mullard Type
C296AA/A47TK
C4, C(;, CB) CIOJ C12 40/J.F 16V Mullard Type
C426AM/E40
C;, Cyy 25uF 25V Mullard  Type
C426AM/F25
C, 100uF 4V Mullard Type
C426AM/B100
Cos Cyg 400uF 6.4V Mullard Type
C426AM/C400

feedback resistor R; and the input resistance by R,.
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, 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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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 Lf. filters can be added to the
circuit of Fig. 6. The lower cut-off frequency of
the pre-amplifier is about 20 ¢/s. This can be
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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 for 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 D11 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 Africa, are
to be taken over from Ist 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 509 interest in Tele-
phone & Electrical Industries Pty. Ltd., of New South
Wales, has now acquired the 259 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.LR.E, Assoc 1.EE,
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 ] 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 (BV.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.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 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. S

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 £181917 the
previous year.

Colvern Ltd.—Profit, before tax, for the vear 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 Générale de Télégraphie sans fil,
one of the major French electronics companies,
announces a net proit 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 609% 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 Lid.,
which was formed about three years ago to acquire the
shares of Pye Litd. 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 0.059. However, 0.5%
does apply for their TF 2101 m.f. oscillator.
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