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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).

WIRELESS WORLD; AUGUST 1963

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

! RESONANT CAVITY

—

Fig. 4. Basic optical maser.
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y
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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 2250V
i
2 E2
METASTABLE STATE -83eV
» Es
bl
5 .
-
> GREEN LIGHT
2 ABSORBED N
5 AE=E,-Ey RED LIGHT
w b~
= XA =5.500 ANGSTROMS EMITTED AND STIMULATED
AE=E4E,
AR =6943 ANGSTROMS
£

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-

WIRELESS WORLD, AUGUST 1963

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 .~
ELLIPTICAL-CYLINDRICAL MIRROR
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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 R;, 68Q
T2 0OC75 RV, 20kQ log. 1W potentiometer (ganged for stereo)
T3 OC75 RV, 25k linear potentiometer
RV, 25k log potentiometer
Resistors Cracked carbon 1/8W -5 9%
Rl: R35 R16: R17: R34 8.2k R
2> Rgs 1.8kQ Capacitors
4 Rj 100k O o 0.068uF 125V Mullard Type
Rg, Rig, Rygy Roy 6.8kQ) C296AA/A68K
R, 15k Q) C,, Cg 0.033uF 125V Mullard Type
R 33kQ ' C296AA/A33K
Ry, Ry 10k Q2 Cu 0.224F 125V Mullard  Type
Ry, R 4.7k Q C296AA/A220K
1o Ry 1500 Cys) Cro 0.47uF 125V Mullard  Type
2200 C296AA/A4T0K
Ryss Rys, Rog 6800) Cue 0047, 125V Mullard * Type
Ry . 100Q 206AA/A47TK
Ryp, Ryg 2.7kQ Ci» Co Cs, Cags Cre - 40uF 16V Mullard . Type
20s Ryo 470Q C426AM/E40
R,; - 8200 C;, Cyy 25uF 25V Mullard Type
Ryy 1.0kQ C426AM/F25
R4 1.2kQ C, 100uF 4V Mullard Type
Rog ' 1.5kQ C426AM/B100
R32 2700 :9, C]3 400/.1.F 6.4V Mullard Type
Ry 120Q 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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U.H.F. Television Reception

PROPAGATION PROBLEMS AFFECTING AERIAL DESIGN

W ITHIN a few months a third television pro-
gramme will become available to a section of the
British public. Transmissions will be in the ultra
high frequency range of Bands IV and V, and will
be based on a 625-line picture standard. No revo-
lutionary technical problems will be involved in start-
ing the service, but there are nevertheless severe
practical difficulties to be met. It is therefore quite
probable that these difficulties may have an un-
expected influence on the popular reaction to the
new programme,

It is important to appreciate the circumstances in
which the new service will be introduced. They are
entirely different from the context in which an alter-
tive British programme first became available. At
that time any new and different picture had inherent
originality and novelty which easily offset most of
the early teething troubles. Moreover at a time
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Fig. |. V.h.f. and u.h.f. propagation characteristics. The
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transmitting aerial is a half-wave dipole with an e.r.p. of
I kW,

when parliamentary feeling was running unusually
high, the public was invited to study the contro-
versial profile of a commercial television service.
It is also relevant that there were then no particu-
lar technical innovations being offered to the public.

The present position is very different. Originality
has now less to recommend it, and there is less con-
troversy about the character of the new service.
Indeed, there scems to be much that will restrict
rather than extend its appeal. It has been suggested
that evening transmissions will often include pro-

* Belling & Lee Ltd.
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By A. C. ROBB,* M.Eng., Ph.D., A.M.1L.E.E.

grammes of considerable length. Has the domestic
viewing public the sticking power of the theatre-
goer and the concert-goer? The attraction of colour
which probably alone could stimulate a wave of
interest in the new service, is unlikely to be added
for some time. It seems, in fact, as though the
main popular attraction of the new service will
initially be centred on the new 625-line picture stan-
dard. There is, however, little immediate gain in
picture quality, and if there are receiving problems
which result in an inadequate or a poor signal these
will only add to the difficulties in developing a new
service which cannot easily achieve striking original-
ity and can only expand as rapidly as the public
investment in new receivers. '

Frequency Allocations

Bands IV and V cover the ultra high frequency
range between 470 Mcs and 960 Mc/s. The allo-
cation of bandwidths and national and regional trans-
mission frequencies is based on decisions covering
these transmissions which were reached at the 1961
Stockholm Conference.® It was then decided to
adopt an 8 Mc/s bandwidth as standard for all chan-
nels within the u.h.f. bands, and also to allocate four
channels to each service area disposed by number in
the series n, n+ 3, n4+6 and n+10. Where this is
not practicable, the preferred alternative will be n,
n+4, n+7, and n+10.

A British extension to this principle establishes
that, wherever possible, all u.h.f. transmitters
covering any single service area will be co-sited. In
practice this co-siting will frequently be based on
the positions of existing lower frequency transmit-
ters and aerials, although where secondary or “satel-
lite” u.h.f. transmitters are required this overall
concentration will clearly break down. The general
principle involved is, nevertheless, attractive and
important, because it encourages the use of single
complex domestic receiving aerials, covering either
the bandwidth of at least the eleven u.h.f. channels
for a locality or a combination of this coverage with
channels in Bands I, II, and III.

In order to achieve very wide bandwidth u.h.f.
reception, Yagi-type aerials are now almost univer-
sally adopted, although a major change in design
philosophy has taken place. This involves considera-
tion of the phases velocity of signals received in the
aerial directors in conditions analogous to those of
a corrugated waveguide.” Although relatively com-
plex and bulky, aerials which also accommodate
channels in the lower v.h.f. bands are economically
attractive; erection and alignment costs are relatively
low, with the built-in multiplex coupling to the down
lead simplifying the electrical installation.

The area which a Band IV or V transmitter can
adequately serve is broadly similar to that which
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can be covered by an equivalent transmitter in the
lower three bands. The effect of the higher fre-
guency is, however, to increase the propagation
losses and to reduce diffraction at the horizon. This
results in rapid deterioration of the available signal
beyond line-of-sight distance from the transmitting
aerial. An indication of the quantitative range of
this effect is provided in Fig. 1.°

The effect of this deterioration on the secondary
service area will be to concentrate the demand for
satisfactory fringe reception into a comparatively
narrow annular region only a short distance from the
transmitter horizon. In some cases this may bring
the problems of fringe reception into areas of high
urban concentration.

This contraction of the service area necessarily
leads to an increase in the number of stations re-
quired to provide adequate national coverage. U.h.f.
service areas will be more generously lapped and

many low-power secondary stations will be necessary
to provide a service where, for topographical reasons,
the available signal from main stations is inadequate.
Rather more than sixty main transmitter locations
are envisaged. Table 1 and the accompanying map,
which are based on the decisions reached at Stock-
holm, show the main station allocations for the
British u.h.f. television services. Secondary trans-
mitters are not shown and can only be finally
planned as the services develop.

Field Strength and Sensitivity

The relatively small size of Band IV and V dipoles
reduces the basic aerial sensitivity, but this is not,
in practice, as important as is often made out. The
conditions for energy transfer between transmitter
and receiver, neglecting propagation losses, are sub-
stantially independent of frequency. More impor-

TABLE 1[.—The channels allocated at
Stockholm to the 64 main stations for the
U.K. are listed below and the general dis-
position of the transmitters is shown on
the map. The frequency limits and vision
carriers for each channel were given in the
December issue of Wireless World (p. 592).

Belfast ......cccovvvennnnns 21 24 27 31
Caithness.......c.cooeennn 24 24 27 31
Cardiganshire ......... 2i 24 27 31
East Lothian ............ 21 24 27 31

Huntingdon ............ 2] 24 27 31
Isle of Wight ............ 21 24 31 4]
West Yorks ............ 21 24 27 31
Argyllshire ............... 22 25 28 32

AYRSHIRE -\
SELKIRKSHIRE ANORT”

DBRIGHTSHIRE
LONDONDERRY

~
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FERMANAGH

———

AA_RMACH : .AWES'T' YORKS
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SOUTH

STAFFORDSHIRE

ABIRMINGHAM

HEREFORDSH! RE‘]

ACARMARTHENSHIRE

HAMPSHIRE
ADORSET \

A gast
DEVON

EAST.CORNWALL |
:EST'tORNW/ALL

[T TinGHaysh IR

ANORTHAMPTONSHIRE

LONDONA A

Cumberland
East Cornwall

East Lincs .o.ooveinnnnen. 22 25 28 32
Fermanagh ............ 22 25 28 32
Herefordshire... 22 25 28 32
Kincardine 22 25 28 32
Ayrshire ............... 23 26 29 33
Banff ...l 23 26 29 33
East Devon  ............ 23 26 29 33
Lewis  oiiiiiiiieinnnnns 23 26 29 33
London ................. 23 26 30 33
North Yorks ............ 23 26 29 33
Staffordshire ............ 23 26 29 33
Woest Sussex ............ 27 55 58 66
Isle of Man  ............ 30 34 48 52
Shetland ... 32 34 45 49
Flintshire ............... 3% 42 45 49
Hampshire ............ 39 42 45 68
Inverness ............... 39 42 45 49

Northumberiand
Birmingham

Dorset ....ccocviieninns 40 43 50 67
Lanarkshire 40 43 46 50
North Kent 40 43 46 65
North Lancs 40 43 46 56
Orkney .ovivviiiinnenens 40 43 46 50

Pembrokeshire ......... 40 43 46 50
Buchan
Caernarvonshire

NORF
AHUNTINGDON

Jersey .iiceviiiiiiiiiiniens 4] 44 47 5l
Kirkcudbrightshire ... 4! 44 47 51
Londonderry 4] 44 47 51
South Yorks 41 44 47 51
South Wales .... 4} 44 47 51
Suffelk ..o, 4] 44 47 51

West Cornwall
Guernsey........covvueens 48 52 54 56
East Sussex
South East Kent

Anglesey ......cooiiiiiini. 53 57 60 63
Carmarthenshire ...... 53 57 60 63
East Yorks ......ccoeuvnen 53 57 60 63
Northamptonshire ... 53 57 60 63
Perthshire ............... 53 57 60 63

Wigtown  ......oeiien 53 57 60 63
Armagh ................. 54 58 6l 64
Bristol ....cooiiiiiiia 54 58 6l 64
DPumbarton ............ 54 58 6l 64
Durham ... 54 58 61 64
Nottinghamshire ... 54 58 6l 64
Norfolk .......ccovenne. 55 59 62 65

North Antrim
North Devon
Selkirkshire
South Lancs
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rant considerations are  saa
the available input ter- 555 Me:

minal voltage necessary __'_—b’
to ensure a high signal-
to-noise ratio at the re-

ceiver, wide local
variations in the avail-
able field strength, and
effects of shadowing
and reflection, already
familiar in the v.h.f.
pbands but appreciably
increased at higher fre-
quencies. _

For any given signal-
to-noise ratio the mini-

mum acceptable input
signal to an uh.f.
receiver is- determined
by the thermal noise of Sy
the first stage. This is
dependent both on the
channel frequency and 2V
on its bandwidth. At
600 Mc/s thermal noise
on an 8 Mc/s channel
is about 9 dB higher
than for a 3.5 Mc/s
channel in Band I
There is also a greater
loss of input signal due

to down lead attenua-

500,(( i

tion which, for an
average run of 30-40ft,
may represent a further
1.5-2 dB. A signal from

W\

the aerial generally T

about 12 dB higher than
for Band I is therefore
desirable for adequate
signal-to-noise ratio in
the u.h.f. bands. The
necessary aerial gain will depend on the effective
radiated power of the transmitter, or the terrain
over which propagation is taking place, and on the
receiving aerial position and height.

The e.r.p. of the transmitter may be increased
by using transmitting aerials of high gain, designed
to radiate intensely in the area between the mast
and horizon but not significantly above the horizon.
The design of such aerials is a sophisticated com-
promise involving transmitter and mast economics,
mast stability, and careful attention to the available
field strength in close proximity to the transmitter.
Particular attention must also be paid to the tan-
gential radiation at the horizon, which must be un-
affected by severe wind loading on the mast. Present
technology indicates that a representative economic
service may cover a radius of about 25 miles from
a 600ft mast, with an e.r.p. of the order of 1 MW,
B.B.C. test transmissions on channels 34 and 44,
however, have an e.r.p. of only 160 kW.

The transmitter e.r.p. is not alone a criterion of
satisfactory propagation; the severe shadowing
effects already referred to introduce local variations
In the available field strength which are very much
more pronounced than at lower frequencies. Fig. 2,
for example, illustrates the kind of variation which
may be encountered at the front of and in the
shadow of a fairly ordinary suburban house, the
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Fig. 2. Terminal voltages from aerial plots adjacent to a suburban two-storey house; (a) using
a A/2 dipole and (b) using a Yagi with a 12 dB forward gain relative to a dipole,

front effects being due to reflections and standing
wave phenomena.* More complete shadowing will
of course occur behind hills, as indicated in Fig. 3.
The comparative results for Bands III and V in-
volve aerials with gains corrected for the differing
effective captive areas. Wide variations in the
necessary receiving aerial gain will clearly be en-
countered, but these will be less directly related
to propagation distance than at lower frequencies.

Receiving Aerial Performance

Receiving aerial performance involves three basic
criteria:— ‘
1. Forward gain,
2. Directivity and
3. Front-to-back gain.

Forward gain will determine the terminal voltage
at the receiver for any given circumstances of field
strength and down-lead attenuation. We have
already seen that wide variations in desirable gain
may be involved within quite small physical dis-
placements. It is also clear from Figs. 2 and 3 that
an increase of height may well be the most im-
portant general means for improving a poor signal.

Directivity is related to forward gain, high gain
and narrow directional characteristics being gener-
ally, for any given bandwidth of performance,
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directly related. Directivity will be important where
reflected signals cause serious ‘ghosting,” and
much experience has been gained in Band III on
these problems. The effects in Bands IV and V
should not be conspicuously different, and from
recent small-scale field tests seem, if anything,
rather less serious than anticipated.

Clearly, since height is advantageous, a low aerial
is likely to be troublesome. In a large urban con-
centration with many flat dwellers, a considerable
proportion of whose premises face away from the
transmitter, here are likely to be problems asso-
ciated with ground floor and basement reception.
Many reflections from adjacent buildings are likely
to complicate reception, and these reflections may
be quite strong compared with a severely shadowed
and attenuated primary signal. In such circum-
stances polar discrimination against reflection paths
will be a natural consequence of providing the
necessary gain to use any severely attenuated but
adequate primary signal. It is therefore probable
that much latent “ ghosting ” trouble has been con-
cealed by the inevitable use of high-gain, and there-
fore highly directional, receiving aerials. However,
this argument becomes less valid in areas of very
high field strength-—possibly on hill tops, or, in
- some cases, close to the transmitters. Here, even
close to the ground low-gain aerials may be accept-
able but may lack adequate angular discrimination
against reflections. It may then be appropriate to
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use an aerial of considerably higher gain than neces-
sary in order to take advantage of its superior direc-
tional properties. In very exceptional circum-
stances this may even be coupled to the receiver
through a compensating attenuator, although very
close to the transmitter, direct pick-up within the
receiver itself may introduce a further complication.

A high forward-to-backward gain is necessary to
discriminate against reflections in the immediate
vicinity of the aerial mounting. Such signals may
be relatively strong and may cause the serious stand-
ing wave patterns and field strength nulls illus-
trated in Fig. 2. They may also cause short time
delays which will impair visual resolution. There
is a further small chance of co-channel interference
from a distant transmitter, or second channel inter-
ference from the tenth channel above that which is
being received, if receiver selectivity is inadequate;
these are, however, unlikely to be troublesome
except in particularly unusual circumstances.

Practical Aerial Arrangements

All outdoor aerials for Bands IV and V meet the
requirements already set out, in greater or lesser
degrees. Fig. 4, indicates the appearance of repre-
sentative broadband aerials with nominal forward
gains relative to a half-wave dipole of 3, 6 and 9 dB,
and shows approximate directional characteristics
for each. Higher forward gain and greater direc-
tional ‘discrimination may be obtained by using
longer director arrays or possibly by fitting side
rows, as shown in Fig. 5a, but this approach to
performance improvement becomes less rewarding
as arrays become larger and involves very large
structures even to achieve a nominal gain of 12
dB. Where higher gain is necessary, smaller arrays
can be more successfully coupled in broadside
arrangements as shown in Fig. 5b.

It is, for the reasons already presented, difficult
to generalize about receiving aerial requirements,
but Table II and the accompanying map, collate a
variety of information obtained during recent field
tests in the Greater London area®. Many viewers
will be able to use relatively low-gain aerials at
considerable distances from the transmitter—always
assuming good roof-top mounting positions are
available. It seems, however, that considerable
difficulties arise as soon as reception is attempted
below rather than above the main topographical
irregularities. Once the receiving asrial becomes
submerged below the mean surrounding roof level,
multiple reception paths are introduced which in-
volve both the attenuation and reflection of adjacent
buildings. A particular irritant associated with low
aerials 1s transient reflection from moving vehicles,
a far more frequent nuisance than passing aircraft
on v.h.f. channels.

There remains the problem of indcor and set top
aerials. Attic aerials of comparable gain to out-
door arrays have much to commend them; they are
protected from the effects of the weather and are
of convenient size for such mounting. The attenua-
tion due to roof cladding is normally only about 1-2
dB but may be worse in some cases when it is rain-
ing. A further comparatively new hazard affecting
such aerials is the use of metal foil roof insulation.
This, of course, renders many of these arrangements
virtually useless. Set top aerials are more difficult
to generalize about; interior wall reflections may be
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troublesome unless the aerial is carefully positioned,
and the movement of people in adjacent rooms may
have real nuisance value.

Some recently published American results® have
tended to confirm the findings of these preliminary
tests in Greater London, but have brought out one
or two further and important observations. Often
when the receiving aerial is below the average roof
line, it is extremely difficult to analyse the nature
of picture degradation, and the amount of degrada-
tion which is acceptable varies considerably with the
type of picture content. In this condition of immer-
sion within the building “clutter >—the American
term—it is also often preferable to use an aerial of
only moderate gain and polar discrimination as the
alignment of high-gain narrow-angle aerials is fre-
quently critical and unreliable.

In conclusion a few words about colour. The effects
of multiple path distortions and poor signal strength
on the quality and character of colour reproduction
depend fundamentally on the system in use. They
also, in some cases, depend significantly on the trans-
mitter aerial alignment. During the tests described
in Table II, temporary transmitter aerials were in
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Fig. 5. Techniques for increasing u.h.f. aerial gain and direc-
tivity; (a) using director side rows and (b) broadside coupling.
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TABLE !l.—Summary of results of u.h.f. tests conducted in the Greater London area. The places referred to in the table are indicated
on the sketch map. It must be stressed that local results vary widely and that the figures given are random rather than representative.

Low tabulated results, therefore, do not necessarily indicate a low average signal in the specified area.

All tests were conducted with

a 36ft mast,
T
Test Position and Charactcr Reception Conditions Picture Quality ' Notes
Aerial | Average 1
Dist. from Chan- Gain Receiver ) ) !
Map Place Transmitter | Terrain Buildings | Rel. to | Terminal General Noise Reflections !
Ref. ne Dipole Voltage I
(miles) (dB) (mV)
a. High 36 Hilly Semi-open 44 9 0.79 Fairly good | Slight V. slight
Wycombe . )
b, | Ware 28 Low Residential 34 9 0.28 Poor Moderate None Behind hill
and light ind. . . .
c. | Harlow 25 Flat Urban car 34 9 0.40 Fair Slight Slight
park )
d. | Tunbridge 24 High Residential 34 9 0.14 V. poor V. slight Moderate
Wells ) )
e. | Dorking I8 Low Commercial, 34 9 0.16 Fairly good | V. slight V. slight
etc.
f. Guildford 22 Mod. Commercial, 34 9 0.79 Fairly good | Slight Slight
high etc.
g. | Windsor 25 Low Residential 34 6 0.71 Fair Stight V. slight Just clear of
castle shadow
h. | Ealing I3 Flat Residential 34 9 11.2 V. good V. slight N_ohe ) ]
IR Wood Green 13 Low Residential 34 6 0.20 V. poor Moderate | Slight Beh[nd hill
k. | llford t Flat Residential 34 6 0.28 Good V. slight V. slight Ee.f;ijr!d large
uilding
I. Dartford it High Residential 44 [ 0.25 Fairly good Sligh.t V. slight
m. | Sevenoaks 14 High Residential 34 9 0.28 Good V. slight Y. slight ]
‘n. | Godstone i2 Low Residential 34 9 0.10 V. poor — — Very poor pic-
ture synch.
p. | Esher 15 Flat Commercial 34 9 6.30 Good V. slight V. slight
q. | Shepherds 10 Flat Residential 34 9 6.30 Good V. slight. V. slight
Bush
r. | Oxford St. 9 Slope High 34 9 0.45 Poor Moderate | Severe Severely
commercial screened
s. Regent St. 9 Flat High 34 9 6.31 V. good Nil Nii Clear towards
commercial transmitter
t. Leicester 8 Flat High 34 9 0.45 Poor Nil Severe Severely
Square commercial . ) screened
u. | Savoy Place 7 Low Riverside 34 9 1.00 Good V. slight V. slight Fairly open
v. | Camberwell 5 High Residential 44 3 1.12 Fair Nil Moderate
Miles b
L] 3 . . .
R S A c has been very disappointing where monochrome

d

use and it was known that some local peculiarities
in colour reception were probably very much influ-
enced by the aerial radiating characteristics. At a
time when the selection of a standard colour system is
urgent, nothing is to be gained by cluttering the
debate with misleading impressions and tenuous
deductions. It is probably enough to observe that,
in general, the areas where colour reception has been
poor have also been immediately recognizable as
characteristically difficult areas for monochrome
reception, although in some cases colour reception
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reception has been quite acceptable.

The objective of studies in u.h.f, reception must,
in the end, be a practical one. So far field tests
have confirmed the wide variations in local field
strength associated with these frequencies, and the
complexity of the field patterns involved. What we
must now develop through our working experience,
is a modest range of conventional solutions to a
great diversity of particular problems. The time
that it will take to acquire this experience and facility
will depend on the rate of expansion of the new
service; effectively on the attractiveness of the new
programmes and the success with which the public
can be persuaded to change their receivers.
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UHF. Television

THE areas to which the B.B.C’s second television
service will be extended following its introduction in
London next April have now been announced by the
P.M.G. The first eight high-power stations, to be
opened by the end of 1965, will be in the Midlands,
Lanarkshire, South Wales, Lancashire, South Yorkshire,
Northern Ireland, the Isle of Wight and North-east
England. A further nine stations, which it is hoped to
open in 1966, will be in the Bristol Channel area,
Norfolk, Anglesey, Kincardineshire, South-east Eng-
land, Nottinghamshire, Suffolk, North Yorkshire and
Northamptonshire. A list of the frequencies allocated
to these stations at the Stockholm Conference, 1961, and
a map showing the distribution of the 64 main u.h.f.
stations provisionally planned for the U.K. are given on
page 386 of this issue.

Seven of the 17 stations will be built at the sites of
existing B.B.C. Band I transmitters (Sutton Coldfield,
Wenvoe, Rowridge, Pontop Pike, Divis, Tacolneston
and Llanddona), and five at or near the I.T.A. stations
at Winter Hill, Emley Moor, Black Hill, Durris and
Dover.

Extending 405-line Coverage

BOTH the B.B.C. and the I.T.A. have been given the
go-ahead by the P.M.G. to build additional Band III
stations to extend the coverage of their existing services.
The B.B.C. is to have six Band III transmitters, includ-
ing that already announced for Wenvoe (Channel 13),
which will radiate a Welsh programme. The five
additional transmitters will be at Moel-y-Parc, near
Denbigh (Channe! 6), Sandale, Cumberland (Ch. 6),
South-west Lancashire (Ch. 12), Mid-Lancashire (Ch
7) and East Lincolnshire (Ch. 13). The Moel-y-Parc
transmitter will share the existing I.T.A. site.

The I.T.A. is also to build six additional v.h.f.
stations to serve Central Berkshire (Channel 12), Bed-
ford-Peterborough (Ch. 6), East Lincolnshire (Ch. 7),
Scarborough (Ch. 12), Dundee (Ch. 11) and Caithness-
Orkney (Ch. 8). The East Lincolnshire station will be
constructed with a view to its future use by both the
B.B.C. and I.T.A. for u.h.f. transmissions. Some of the
channels quoted are provisional allocations.

The P.M.G. stated in the Commons that the three
transmitters to operate in Channel 6 will for a time
have to limit their hours of transmission from noon to
midnight to avoid interference with the sky survey of
the Northern Hemisphere which is being conducted by
the Mullard Radio Astronomy Observatory at Cambridge
using frequencies within this channel.

Aviation Flectronics

DIPLOMAS and prizes were presented to 114 students
at the College of Aeronautics, Cranfield, by the Minister
of Aviation, Mr. Julian Amery, on July 5th. Seventy-
five of the students were from the U.K., 22 from the
Commonwealth and the remainder from ten other
countries. The college is a Government-sponsored
establishment providing engineering, technical and
scientific training in aeronautics. A two-year course is
given to selected graduate students leading to the award
of the diploma of the college (D.C.Ae.). Students in the
final year specialize in the work of one of the six
departments (including electrical and control engineer-
Ing) and produce a thesis.

Of the six recipients of the D.C.Ae. in the Depart-
ment of Electrical and Control Engineering, Flight Lt.
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Colin W. Andrews, B.Sc., also won one of the nine
special prizes. His thesis was on a 450 Mc/. tunnel
diode amplifier in a stripline configuration,

The college also awards a diploma in advanced
engineering (D.A.E.) on the completion of a one-year
course in one of several subjects of advanced engineer-
ing science offered by the various departments.-
The only recipient of the D.A.E. for the course in
aviation electronics was A. K. Majumdar, M.Sc.,
formerly with International Computers and Tabulators,
of India, whose thesis was “The role of radar in air
traffic control.”

Not Yet

THE proposal put forward by Paul Adorian and
referred to in our April issue that this country should
adopt a 525-line 60-field/625-line 50-field dual tele-
vision standard, has been considered by the Television
Advisory Committee to be ‘“quite impracticable to
introduce . . for at least another 10 years.” The com-
mittee’s advice has been accepted by the Postmaster
General.

Although such a dual system “might prove to be
worth while in the long term” the committee gave
among its reasons for delaying its introduction that,
although it might be possible eventually to provide
receivers capable of being used on both 625 and 525
lines, it would be wrong to introduce additional compli-
cations in receiving sets during the period when defini-
tion standards are changing over from 405 to 625 lines;
and, that even were it practicable to introduce such a
system now (and the Committee is convinced it is not),
so drastic a change in plan on the eve of the start of the
B.B.C.’s second programme on 625 lines would result in
a serious set-back for the radio ‘ndustry.

This year’s Paris Radio and Television Show, which
will be held from 5th-15th September, will, for the first
time, be international. Organized by the F.N.LE.
(Fédération Nationale des Industries Electroniques) it
will cover domestic radio and television (819 and 625
lines will be demonstrated) and sound reproduction,

Italy’s 29th National Radio & Television Show, to be
held in Milan from 7th to 15th September, will this year
include the first International Electronic Components
Fair to be held in Italy. The organizers, Associazione
Nazionale Industrie Elettrotechniche, are also planning
to hold a convention during the Components Show.

B.S.R.A.—At the annual general meeting of the British
Sound Recording Association, J. C. G. Gilbert was
elected president for the year 1963-1964 with M. J. L.
Pulling, A. P. Monson, G. A. Briggs and D. W. Aldous
as vice-presidents. The Hon. J. Dawnay, R. J. Barton,
R. E. Cooke, J. W. Maunder, P. M. Clifford and P. B.
Cooper were elected members of the council. S. W.
Stevens-Stratten was re-elected hon. secretary.

The Paul Instrument Fund Committee, administered
by the Royal Society, the L.LE.E. and the Institute of
Physics and Physical Society, has recently made the
following grants:—£15,320 to Professor H. M. Barlow,
FR.S,, Pender professor of electrical engineering at
University College, London, for the development of a
microwave electrostatic wattmeter and the construction
of instruments for the measurement of electrical power
at very high frequencies by the absorption of the angular
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momentum of a circularly polarized wave; £950 to
K. G. Nichols, M.Sc., lecturer in electronics, Univer-
sity of Southampton, for the construction of apparatus
giving an improved method for vacuum deposition of
thin films of high melting point materials; and £1,800 to
Dr. E. E. Schneider, reader in solid-state physics, King’s
College, Newcastle-upon-Tyne, for the development of
superconducting cavities for use in magnetic resonance
spectrometers.

E.E.A. Space Committee.—The Electronics Engineer-
ing Association’s co-operation in looking into the com-
munication/electronics aspects of the proposed U.K.
satellite has been requested by the Minister of Aviation.
The Association has, therefore, formed a space com-
mittee to  enable the industry to co-ordinate its efforts
and speak to the Government with a single voice on
space communications.” The members are:—W. D. H.
Gregson (Ferranti) who is chairman, W. S. Graff-Baker
(A.E.1), Gp. Capt. E. Fennessy (Decca), W. R, Thomas
(Elliott), Air Vice-Marshal W. E. QOulton (E.M.1.),
R. A. G. Dunkley (G.E.C.), A. W. Cole (Marconi’s),
S. J. Robinson (Mullard), J. M. C. Dukes (Plessey),
T. C. B. Talbot (Rank-Bush Murphy) and P. H. Bourne
(§.T.C.).

Technology, life and leisure is the _subject of the
Thomson lecture, to be given by Dr. Dennis Gabor,
F.R.S. (professor of applied electron physics at Imperial
College), on 24th October at the Royal Institution. Ad-
mission is by ticket obtainable from the Society of
Instrument Technology, 20 Peel Street, London, W.3.

Trawler Radio Jubilee.—The fiftieth anniversary of
the first fitting of wireless in fishing vessels was cele-
brated by Marconi Marine in June. Vessels equipped
for this “interesting experiment . . . with a view to
determining the extent to which wireless telegraphy
could effectively and economically be applied to steam
fishing vessels ”” were the trawler Othello and the carrier
Cesar owned by Hellyers of Hull. Following the lead
set by these vessels we stated in our January 1914 issue
“jt is not improbable that wireless will be generally
adopted by the fishing industry !

Results of the Radio Amateurs’ Examination held in
May have just been announced by the City and Guilds
of London Institute. A total of 1,229 sat for the exam.
and 861 passed. Eleven blind students, who were
examined separately, are included in the total and of
these nine were successful.

A symposium on a multi-standards studio centre is
being organized jointly by the Television Society and
ABC Television Ltd. for 30th October. It will be held
at the L.E.E. headquarters, Savoy Place, London, W.C.2.
Further details are obtainable from the Television
Society, 166 Shaftesbury Avenue, London, W.C.2.

APAE. Symposium.—The Association of Public
Address Engineers is holding a symposium at the Queens
Hotel, Manchester, on 22nd September. Admission will
be by ticket obtainable free from the AP.A.E. at 394
Northolt Road, South Harrow, Middlesex.

The Iraqi Ministry of Guidance has now been given
the go-ahead by the government to put out tenders for
five, 15 to 25 kW, television stations and five sound relay
stations, for use in the provinces. The scheme designed
to provide 809% of Iraq with a television service, includes
}sgtations at Musol, Kirkuk, Alemara, Elsamawa and

asra. :

The Ministry of Education has approved increases in
the salary scale of the more senior teachers in Colleges
of Advanced Technology. The increases take effect from
Ist April, 1963, and add £150 to a senior lecturer’s salary
bringing it up to £2,150 (max.). At the other end of the
scale, a Grade VII departmental head receives an addi-
tional £325 bringing his maximum salary up to £3,400.
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TECHKICAL EDUCATION

A lecture course on u.hf. television techniques is to
be given by the Television Society this autumn. This
course is of particular interest to those on the servicing
side and will be held for five successive Friday evenings
at the London School of Hygiene and Tropical Medi-
cine, Keppell Street, London, W.C.1, starting 4th Octo-
ber. The fee for non-members is £1 13s and enrolment
forms are available from the Television Society, 166
Shaftesbury Avenue, London, W.C.2.

Two courses leading to the graduateship of the
Brit. LR.E. are listed in the 1963/64 prospectus of the
Northern Polytechnic, London, N.7. One is a three-
year, full-time course in electronies and telecommunica-
tions and the other a six-year, part-time day release
course. Special short advanced evening courses being
provided in the Department of Electronics and Tele-
communications during the coming vear include pulse
circuit analysis, colour television, network theory and
microwave techniques. The four-year Dip. Tech. sand-
wich course in the physics and technology of electronics
carries exemption from examination requirements for
Grad.Inst.P. and Grad.L.LE.E.

In addition to the normal courses in preparation for
the C. & G. exams in radio and telecommunications,
the Norwood Technical College, London, S.E.27, con-_
ducts a four-term full-time course for the P.M.G.s
marine radio certificate and a three-yvear course in tele-
communication engineering which covers the syllabi of
the Brit.I. R.E. graduateship examination. Short courses
listed in the 1963/64 prospectus include v.h.f./u.h.f.
techniques, transistors, colour television and medical
electronics.

Telecommunication Technicians’ Course.—The com-
plete four-year syllabi, plus supplementary studies,
in preparation for taking the examination for the City
& Guilds Telecommunication Technicians’ Certificate,
has been prepared as a home study course by C.RE.L
(London). A brochure covering the course is available
from C.R.E.I. (London), 132/135 Sloane Street,
London, S.W.1. :

National Certificate, block release, rwo-vear course for
mechanical, electrical and civil engineers is being con-
ducted by the Twickenham (Middlesex) College of
Technology in the coming session. The course is
common to the three branches except for the choice of
two alternative subjects in the second year. Students
are alternately at college and in industry for six-week
periods. Fee £12 17s.

Part-time day and evening courses in preparation for
the various radio and electronics examinations of the
City and Guilds of London Institute are being offered
by the Weston-Super-Mare Technical College during the
coming scholastic year.

CLUB NEWS

Halifax.—During August the Northern Heights Amateur
Radio Society has undertaken to provide demonstration
stations at three local functions; at a charity gala at Warlev
(3rd), Halifax Agricultural Show (10th) and at Forest Cot-
tage, Illingworth (17th).

We have been notified of the following Mobile Rallies:—

R.A.F. Stradishall, near Newmarket, July 28th (details
from Flt. Lt. G. C. Moore (G3MCY), R.A.F., Stradishall,
Newmarket, Suffolk).

18th (F. C. Ward

Derby, Rykneld School, August

~ (G2CVV), 5 Uplands Ave., Littleover, Derby).

M.AR.S. (American Military Affiliate Radio System) is
organizing a “ Hamfest” in Heidelberg for August 3rd and
4th to which British amateurs visiting the area are invited.
Details from Russ Lawson (DL4BS), Postfach 3049, 6100
Darmstadt. '
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posts he was appointed senior superintendent engineer
in 1950. This title lapses with the retirement of Mr.
Chadder. Following this move the post of superin-
tendent engineer (transmitters), held by W. E. C. Varley,
M.Brit.I.LR.E., Assoc.I.LE.E., has been changed to chief
engineer (transmitters), and the post of superintendent
engineer (lines), held by G. Stannard, B.Sc., M.LEE,,
A.C.G.1., re-designated superintendent engineer (com-
munications).

Air Cdre. J. C. Millar, D.S.0., Commandant of the
Central Signals Establishment at R.A.F. Watton,
Norfolk, for the past two years, has been appointed
Provost Marshal of the Royal Air Force. Air Cdre.
Millar joined the R.A.F. in 1934 and has held a number
of appointments in the signals field throughout his
career including two-and-a-half years as Command
Signals Officer of Bomber Command in the mid-fifties.

Gp. Capt. John Goodman, M.Brit.I.LR.E., who has
for the past year commanded the Radio Engineering
Unit at Henlow, has been appointed Commandant of
the R.AF. Central Signals Establishment with the act-
ing rank of air commodore. He joined the R.AF. in
1932 as an apprentice at the Electrical and Wireless
School, Cranwell, and was commissioned in the TYech-
nical Branch in 1940. Gp. Capt. T. C, Imrie, Assoc.
Brit. I.R.E., who succeeds Air Cdr. Goodman at the
Henlow Radio Engineering Unit, joined the R.A.F. in
1939 as a wireless operator/air gunner and was com-
missioned two years later. After taking a technical
signals conversion course, he transferred to the signals
branch of the R.AF. in 1948. Prior to his new appoint-
ment, Gp. Capt. Imrie was officer commanding 30
Group, (Maintenance) R.A F. Sealand.

P. E. Axon, O.B.E,, Ph.D., M.Sc., D.I.C.,, AR.C.S.,
managing director of Ampex Electronics Ltd. and
Ampex Great Britain Ltd., has been assigned several
additional responsibilities and now directs all the Ampex
manufacturing, engineering and marketing activities in
Europe, Africa and the Middle East. Dr. Axon, who
joined Ampex in 1958, was previously head of the
recording group in the Engineering Research Depart-
ment of the B.B.C.

The Governors of the Borough Polytechnic have made
the following appointments to the academic staff:—
D. D. Randall, B.Sc., Ph.D., A.Inst.P., senior lecturer
in physics; B. Graham, M.Sc., A.Inst.P., senior lecturer
in electrical engineering; J. G. Hargrave, B.Sc., D.C.Ae.,
lecturer in electrical engineering; L. F. Spence, B.Sc,,
B.Sc.(Econ), AM.I.LE.E., promoted to principal lecturer
in electrical engineering; and G. R. Arney, B.Sc., pro-
moted to senior lecturer in electrical engineering.

G. C. Pope, M.Eng., AM.LE.E., has been appointed
general manager of Advance Components, of Hainault,
Essex. Educated at Liverpool -University, where he
specialized in electronics, Mr. Pope was a sales manager
in the Radio and Electronic Components Division of
Associated Electrical Industries, prior to joining Advance.

Major J. H. T. Fairhurst appointed chief engineer
for W. H. Sanders (Electronics) Ltd., was for 5 years
in the Radar Development Laboratory of Decca Radar
Ltd. which he joined after nearly 20 years military
service.

The name of Chung Lian Fatt, Assoc.I.LE.E., deputy
chief broadcasting engineer of Radio Sarawak, should
be added to those listed in our last issue who were
appointed M.B.E. in the Queen’s Birthday Honours.
Mr. Chung joined the Government service in 1939,

Dr. B. Y. Mills, F.R.S,, is no longer in the Division
of Radiophysics of the C.S.I.R.O., Australia, as stated
in the Royal Society’s announcement mentioned in our
May issue (p. 220), but is a reader on the staff of the
School of Physics of the University of Sydney which
he joined in 1960.
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Dr. A. C. Robb, who writes in this issue on the
problems associated with u.h.f, television reception, has
been technical manager of Belling & lLee Ltd. for the
past two years, A graduate of Liverpool University,
where he obtained his M.Eng. degree for post-graduate
work, he received his Ph.D. as a result of work on the
design of high-voltage particle accelerators when a
research fellow at Glasgow University.

Mrs. Elsie Carter, who with P. Tharma contributes
the fourth of the series of articles on the design of
transistor amplifiers in this issue, spent several years as
a laboratory assistant in the Mullard Valve Quality Con-
trol Laboratory at Mitcham. Since 1939 she lhas been
in the Applications Research Laboratory working on
problems associated with transistor audio amplifiers.

OBITUARY

Dr. Ernest Metzler, head of the radio section of the
Swiss P.T.T. and, since 1956, director of the Inter-
national Radio Consultative Committee (C.C.I.R.), died
on 20th June at the age of 63. Dr. Metzler, who
received his doctorate from the Federal Polytechnic
School in Zurich for a thesis on aerial radiation, joined
the Swiss P.T.T. in 1929 and became head of the radio
section in 1953. An international figure in the world
of telecommunications, he undertook special technical
assignments for the United Nations in several middle
east countries.

Ernest G. Rowe, O.B.E, M.Sc, A.C.GI, DIC,
M.IEE,, died on 6th July at the age of 54. Follow-
ing engineering training at Devonport dockyard and
the City & Guilds Engineering College, London, he
joined the M-O Valve Company in 1933 as a develop-
ment engineer and was appointed chief development
engineer in 1939. In 1948 Ernest Rowe joined the
Brimar Valve Division of S.T.C. at Footscray as chief
receiving valve engineer where he initiated the pro-
gramme of development of “special quality” valves on
which he contributed articles to W.W. His appointment
in 1958 as manager of the Valve Division gave him
responsibility for engineering, manufacturing and sales
of all S.T.C. valves until July 1960 when he transferred
with the Brimar valve and c.r. tube division to Thorn
Electrical Industries. Since this merger Mr. Rowe had
been senior executive of the new company Thorn-A.E.I.
Radio Valves & Tubes Limited.

Horace B. Dent, who was on the editorial staff of
Wireless World from 1927 until his retirement two years
ago, died on 17th June aged 67. He came to Wireless
World from Igranic Electric which he joined after
spending a few years in Yugoslavia following service
in World War I during which he transferred from the
Army to the Royal Flying Corps for special radio
duries. During the last war Wing Commander Dent
served in the R.A.F.V.R. first at Fighter Command
Headquarters, where he was closely associated with the
operation of the radar chain and fighter control, then in
the Ministry of Aircraft Production and from 1943, until
his return to W.W. in 1945, in the Air Ministry Direc-
torate of Signals. “H.B.D’s” wide knowledge and
experience enabled him to contribute to all sides of this
journal’s work but his particular interest was in the
amateur field and his call sign G2ZMC is well known.

George Earnshaw Partington, B.Sc., AM.LE.E,
chief engineer of Marconi’s Broadcasting Division, died
in St. Andrews Hospital, Billericay, on 13th June at the
age of 47. George Partington, a graduate of Man-
chester University, joined the Marconi Company in
1938 and after a year at Marconi College, entered the
Research Division. He started work on the develop-
ment of television equipment in 1947, was appointed
deputy chief television engineer in 1956 and became
chief engineer in 1959,
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A.C. Meter Calibration

A PHOTOMETRIC METHOD FOR LOW-VOLTAGE INSTRUMENTS

THIS article deals with the problem of obtaining
specified values of a.c. by direct reference to a
d.c. indicating instrument of known calibration. It
describes a precise method of setting up an a.c.
potential divider, making use of the relation between
the brightness of, and the current through, a fila-
ment lamp. Since brightness is independent of the
direction of current through the filament, and
depends upon the r.m.s. value of an alternating
current, a relation can be established between direct
and alternating currents of the same r.m.s. value.
The method is especially suitable for radio work-
shop or servicing use.

Nearly all alternating-voltage meters for radio
workshop use are now of the moving-coil-with-
rectifier type. While these have the advantage of
great sensitivity, reliability, and low current con-
sumption, a difficulty arises in checking their calibra-
tion unless they can be compared with a standard
instrument on a.c. Moreover, since moving-coil
instruments with a permanent magnet indicate the
mean and not the r.m.s. value of a fluctuating
current, attention must be paid to waveform of the
supply. That is to say, if they are to be fitted with
a rectifier and calibrated directly against a standard
a.c. instrument, the supply voltage should be of
simple sine-wave form. The house mains will be
good enough in this respect for providing the a.c.
supply, but it is worth noting that if a moving-coil
instrument without a rectifier is calibrated on d.c.,
a battery supply should be used and not rectified
a.c., unless this is effectively smoothed. The scale
divisions of a moving-coil-plus-rectifier alternating-
voltage meter will not be uniform over the whole
scale and will depend upon the rectifier character-
istics; they may therefore need revision with a
renewal of rectifier.

PHOTOMETER
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Fiz. . Photometer
circuit,
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By JOHN F. SUTTON, m.Sc.(Eng.)
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Fig. 2, Calibration of scale divisions.

For radio servicing a voltmeter is used frequently
in the 0-10V range, and on this range the charac-
teristics of the rectifier have a large influence on
scale divisions; therefore a method of calibrating
over the whole of this range is necessary. In a
well-equipped laboratory a standard instrument
would be available for direct comparison, but it is
unlikely that the service workshop would have this
facility. :

However, if precise readings can be made at a
few voltages or even at one selected voltage the
remaining values can be obtained from a potential
divider of suitable current-carrying capacity. It is
assumed that a reliable direct-voltage meter is avail-
able, since one must start somewhere, and moving-
coil voltmeters or milliammeters are readily obtain-
able and can be expected to be within the limits
of accuracy required for workshop use. They can
be converted to the required voltage range with high-
stability carbon resistors.

If a good quality moving-iron, thermo-junction,
or hot-wire voltmeter of unknown accuracy can be
obtained, this can be calibrated direct from d.c. and
used on a.c., giving r.m.s. indications. Such instru-
ments are not readily available and in any case
certain precautions must be taken with each type.
A moving-iron instrument will of necessity have an
inductive coil in its circuit, and will therefore be
sensitive to frequency; and the older types of hot-
wire instruments may have inductive ballast resistors.
Moreover, both types need a fair current for opera-
tion and this affects their use with a potential
divider.

The method outlined below is described because
it requires no other indicating instrument than an
accurate m.-c. voltmeter and is capable of precise
results. - The principle is simply that of using metal
filament lamps as hot-wire meters to indicate a single
reading of current. A lamp does not suffer from
the disadvantages of the conventional hot-wire meter,
which are (a) that it needs frequent zero setting,
and (b) that it is sensitive to air currents and external
temperature changes. The hot-wire meter cin be
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made independent of frequency up to the mega-
cycle range and it has no hysteresis error. A special
advantage of the filament lamp method is that
brightness, when operating at full voltage, is very
sensitive to voltage changes; a 1% change of volts
across the terminals corresponds to about 15%
change in brightness. The accuracy obtainable is
in effect dependent only on the degree of refinement
with which the apparatus is set up and measure-
ments made. Fig. 1 shows the circuit and layout.
The method is to use a lamp L, in, say, the 3-6V
range, operated from a battery and variable resistor,
as an unknown but constant comparison standard.
A second and similar lamp L, is operated alterna-
tively from a d.c. or a.c. source, in conjunction with
a d.c. instrument of known accuracy and the a.c.
instrument to be calibrated. The former is adjusted
to a given value by VR,, and then L, and L, are
balanced on a simple photometer by adjusting VR,.

The supply is then switched to a.c. and L, is
adjusted by VR, to balance the photometer. The
alternating volts across the meter will have the same
r.m.s. value as the original d.c. meter reading. The
construction of the photometer is simple. The
illuminated surfaces are made from thin white card
with a smooth matt surface, fitted into a dark card-
board tube about 2 inches in diameter to exclude
unwanted light. The front or dividing edge between
the two illuminated areas of white card must be
sharp and thin so that it becomes invisible when

optical balance is obtained. The two lamps can be
3.5V torch bulbs in batten holders, both being fixed
on a board with the photometer, roughly equidistant
from it and well shielded from direct light. When
operating it is as well to work in semi-darkness and
take voltmeter readings with the aid of a torch. The
eyes should, of course, be well shielded from direct
light.

After calibration at one or more spot readings a
potential divider can be set up, Fig. 2, to check
the meter over its whole range. This can be made
from the 1kW wire-wound bar element of an electric
fire, which will have a resistance when cold of about
50{) and can be arranged to give, say, 1 volt per
inch of length. As the element wire has an appre-
ciable temperature coefficient of resistance, and will
warm up slightly with 10 volts across it, the circuit
should be given time to settle before taking readings.

Various minor precautions are necessary to obtain
stability and these will become obvious when the
sequence of readings is repeated a few times. An
occasional requirement in the radio workshop is to
calibrate a high frequency probe unit which is
generally made in the form of a rectifier and resist-
ance capacitance network, in a small shielded tube
connected by external leads to the d.c. indicator.
This can be checked on the mains-frequency poten-
tial divider by removing the small capacitor in
series with the probe, and substituting externally a
low voltage capacitor of 1uF or greater.

THE MAGNETIZATION CURVE

By E. V. SMITH,* m.sc.

AN EQUIVALENT DERIVED OPTICALLY FROM FERRIMAGNETIC DOMAIN PATTERNS

THE interpretation of magnetism in materials has
of recent years been made in the light of domain
theory (see, for example, the article by Dr. D. H.
Martin, Wireless World, January 1958). The im-
portance of new materials and the explanation of
their function in the light of this modern theory is
obvious and was fully stressed in the above article.

Since this publication the existence of transparent
ferrimagnetic garnet materials has been discovered*
and the interest aroused in these important materials
has been enhanced by the fact that domain photo-
graphs are readily observed, without the necessity
for the difficult and tedious process of electrolytic
polishing. The garnets are of the very highest fun-
damental importance as has clearly been shown by
the recent developments of ferrimagnetic resonance
experiments and combined microwave-optical ex-
periments which have been carried out with them.?

The aim of this note, however, is to emphasize
their importance in domain theory interpretation,
and to show that the growth and decay of domains,
when measured by transmitted light, do in fact trace
out a curve of similar shape to that of the magnetic
hysteresis curve.

*Rugby College of Engineering Technology,

1. Dillon, J. F. Bull. Am. Phys. Soc. Series 2, Vol 2, p. 238, 1957.
2. Dillon, J. F. ¥. Applied Physics, Vol. 29, No. 3, pp. 539-541.
March, 1958.
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The garnets have the chemical formula M.Fe,
(FeO,), where M represents any one of the rare
earth atoms, samarium, yttrium, erbium, or gado-
linium. The specimens photographed here are gado-
linium iron garnet, chosen because comparatively low
fields are required to produce saturation.

The photographs show clearly that in low mag-
netic field conditions a number of preferred direc-
tions of magnetization exist (a) but as the field in-
creases one group of domains (the dark ones) grows
at the expense of neighbouring domain areas (the
light ones). In this case the first group are favour-
ably directed with respect to the field in comparison
with the second group. The field is applied axially,
i.e., perpendicular to the surface of the specimen
which is mounted on an ordinary microscope slide
and is of about }in diameter and 1/1000in thick.
Notice that at first the pattern changes rapidly for
comparatively small field change, (a) to (b). (150mA
through the field coil gave a field of about 40 oer-
steds.) This rapid pattern change corresponds to
a steeply sloping region of the magnetization
curve and it is seen that the “black” domain
regions have grown considerably. Beyond point (d)
the pattern changes less rapidly, and at (e) and (f)
obviously saturation is near. Reduction of the field
(g) restores the pattern, the black areas now decreas-
ing (g) to (j) and this process continues as the field
is reversed (k) to (m) until saturation is again
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frequencies contained in the blanking pulse to pass
straight to the tube grid. ‘
It is recommended by the manufacturers that the
final anode is held at or about the same potential
as the average of the deflection plates. If this is not
observed, the spot tends to become astigmatic, that
is, it is defocused in either a vertical or horizontal
direction and the trace is thickened. For best
results, the final anode potential is made slightly
variable about this point, and the adjustment poten-
tiometer i1s made a front panel control,  labelled
“ASTIG.” The function of the focus control is
obvious, and the iwo controls should be adjusted
together to obtain the finest trace. ‘
It is possible that some tubes may suffer from

pincushion or barrel distortion. We have not ex-
perienced this trouble, but if it is found, the inter-
plate shield, pin 5, may be disconnected from the
final anode and fed by a similar variable potentio-
meter to the astigmatism control. The Mu-metal
c.r.t. screen was found to be necessary, but if the
constructor wishes, a sheet steel screen can be
tried. We have no experience of this, but it seems
to be worth a try. :

.R, and R; are made fixed resistors, but should be
selected for best results, as the determining factors
are somewhat variable. R, should be selected so
that the neons in the e.h.t. unit never extinguish
under maximum . brightness conditions, so taking
into account variations in e.h.t. transformers. Our
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Tube supporting components.
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value was 680k(). R, is set so that the trace is
evenly illuminated along its length, our value being
27kC).

Modifications

Since the instrument was first made, several altera-
tions have been made which improve performance
and enhance reliability.

Under certain conditions, it was found that ex-
ternal fields could interfere with the operation of the
y amplifier, and an aluminium screen was made to
shield it. If it is found that interference from the
timebase or e.h.t. oscillator shows up on the c.r.t.
the screen will get rid of it. It may be found that
this is not necessary, and, in any case, all earth
connections and screens should be checked for tight-
ness before going to the trouble of making it.

If the timebase is run at a much lower speed in
relation to the signal frequency than is normal, it
may be found that sync pulses, which appear on the
Miller valve screen grid, due to inter-electrode
capacitance, show up as a darkish horizontal band.
This can be cured, if necessary, by the insertion of
an OA81 between pin 8 of V, and pin 7 of V, From
this latter point, the cathode-follower grid, a 470k}

40y

resistor should be taken to h.t. and a 150k resistor
to chassis. This has the effect of further clipping
the top of the screen waveform, and with it, the
superfluous sync pulses. The diode “cathode” is
connected to V,, pin 8.

In order to accommodate a wider tolerance in
sensitivities of c.r.t.s and to cater for ageing valves,
the anode loads of the x amplifier valves have been
increased by 2.2k to 12kQ. This will always give at
least 10% overscan between the overload points of the
amplifier. This may not be needed by the majority
of constructors, but it will avoid any cramping that
may be visible at the end of the time-base.

After using the expanded trace facility of the
instrument, we decided that the amount of expansion
given erred a little on the generous side, and was not
particularly useful. If the reader feels the same way
about this, the amplitude can be cut down by adjust-
ment of the cathode circuit. A 470( resistor should
be placed in series with VR,, the gain control of the
x amplifier.

As the trigger stage was drawn in the June issue,
it was responsible for an odd effect. Any sudden
adjustment of the y shift control caused the bright-
ness to vary slightly. This was due to the fact that
the amplifier V,, was drawing heavy current because
of the long time-constant C; R,;, and loading the
unstabilized h.t. supply. This upset the “floating ”
output of the e.h.t. oscillator on the tube grid. The
easiest way out of this is to drop the supply to V.,
by the insertion of an 18k{} resistor at the h.t. end of
R,,, with an 8uF, 350V electrolytic to earth from the
junction. Removal of the capacitor C, prevents dis-
tortion of the signal fed to the trigger stage V, at high
signal levels, and the effect is further improved by
increasing R, to 68042,

There is very little space in the instrument for air
circulation, and we have found that heat from the
transformer is a problem., In order, therefore, to
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reduce heat generation, we have altered the circuit a
little.

The main source of heat is the negative supply.
This draws extra current from one half of the main
transformer and also, as it provides many more volts
than are required, heat is developed in the dropper
resistors R,,, R,,. The best solution to the heat
problem is the use of a separate transformer to supply
the negative line, and we chose the Radiospares
miniature mains type. This possesses a 125-0-125V
secondary and the new circuit is as shown in Fig. 2.
It also helps to reduce loading if the heater windings
AB and EF are changed over. The transformer can
be mounted on the side wall of the main chassis
between C;, and C,., ,;, which should be moved
slightly rearwards.

Calibration of home-built instruments is always a
difficult problem. This could be done, rather inaccur-
ately, by the use of the 50c/s mains waveform, but we
propose to describe a more accurate system later, and
also some applications of the instrument.

COMPONENTS LIST

*R, 680kQ  4- 109, +W
*Ry 27k 4 109 W
R, 4.TMQ  + 109 W
R, 1IMQ + 109 W
R; 33MQ 4 109 1w
R, 33MQ  + 109 W
R; 470kQ  + 109% +W
VR; 250kQ -+ linear
VR, 1IMQ + linear
402

VR, 250kQ 4+ linear

1 0.05uF 250V
C, 0.02uF 1kV ceramic
Cs 0.05uF 350V

DN7-78 cathode-ray tube (Mullard)

Mu-metal screen for DN7-78 (Telcon)
Double-pole on/off switch

4 x 5-in length of }-in polystyrene rod

4 x spindle couplings (Radiospares)

Three-core mains cable

7X Miniature Instrument knobs (Radiospares)
2 X Red Single sockets, insulated (Radiospares)

1 Black Single sockets, insulated (Radiospares)
* Seetext

COMPONENTS LIST FOR MODIFICATIONS

Timebase

OAS8]1 diode

470kQ + 109 W resistor
150k Q) 4+ 109 W resistor
Power Unit (Fig. 20)

R, 47Q + 109, 1W
R, 470 + 109, +W
R; 680Q 4+ 109, 3W
D, Dy—rectifiers already used
C, 32 uF 250V

T, Midget mains transformer (Radiospares)
Trigger Stage

18 kQ 4+ 109 3W resistor
680Q 4+ 109, W resistor

47k Q 4 10% W resistor (R;g)
8uF 350V

X Amplifier

2x22k 4 109 W resistors
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The BC-221 Frequency Meter

HINTS ON ADJUSTMENT AND USE OF A POPULAR DISPOSALS INSTRUMENT

ONE of the most versatile pieces of surplus elec-
tronic gear is the BC-221 Frequency Meter. Oddly
enough, based upon the amount of advertising one
sees for this instrument, there are more of them
available in Great Britain than in the United States.
In the U.S,, it has been popular among amateurs,
small manufacturers, Citizens Band users, service
technicians and communications users.

The BC-221 is a heterodyne frequency meter con-
sisting of a dual-range, variable frequency oscillator
and a crystal-controlled fixed oscillator operating
at 1 Mc/s. The variable frequency oscillator oper-
ates in the ranges 125 to 250 kc/s and 2,000 to 4,000
kc/s on fundamentals. The outputs of both oscilla-
tors are rich in harmonics so that the instrument can
be used well into the v.l.f. range. It is calibrated on
harmonics to 20,000 kc/s. Each instrument has been
individually calibrated, and each is furnished with a
calibration book, marked with the serial number of
the instrument. Some of the instruments were fur-
nished with wooden cases, while others were con-
tained in aluminium alloy cases. The instrument,
when supplied complete with headset and batteries,
was known as the SCR-211. Few surplus meters are
so furnished, but practically any headset can be used
and either battery or a.c. power (using a separate

TABLE 1
BC-221 Valve Military Modula- | Warm-
Letter | Complement, Vaive tion up
Suffix Commercial Designation**
A,C,D 77 VT-77
6A7 None No No
76 VT-76 ‘
E 7G7 VT-193
7B8LLM VT-208 No No
7A4 VT-192
B,N,Q, 2 of 6517 VT-116
AA, AE, | 6K8 VT-167 No \ No
AG
FJ,K,L 6SI7Y* VT-116B
6A7 None No No
76 VT-76
| R,AC, P,| 6SI7Y* VT-116B
T, AF 6K8 VT-167 N N
AH, M, | 6SJ7 VT-116 ° °
(o]
AK, AN | 2 of 6517 VT-i16 Yes Yes
6K8 VT-167 :
Al, AL 6SJ7Y* VT-116B
6K8 VT-167
6517 VT-116 Yes Yes

**Military valve designations are no longer used, but some surplus valve
from World War Il are marked with these designations.

*6SJ7Y has a special low-loss base. In an emergency, it can be replaced
by standard 6SJ7 with some loss of accuracy. Mowever, the 6SJ7Y is still
being manufactured.
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By R. L. CONHAIM

power pack) will operate the BC-221 satisfactorily.*

Valve complements vary from model to model and
are shown in Table 1 which also indicates special
features. Those meters with modulation provide for
modulating the v.f.o. This feature is used mainly
for receiver calibration. The model BC-221-AN has
provision for modulating either the crystal or vari-
able oscillators. Modulation frequency is 375 or
400 c/s.

The warm-up feature refers to a special switch
position in which all current is off except the heater
current for the variable oscillator. This feature per-
mits somewhat more stable operation without exces-
sive warm-up period. When such equipped
instruments are not in use, they can be left in the
warm-up position with very little current consump-
tion, but time must be allowed for the crystal oscilla-
tor to stabilize.

The BC-221 can be used to check transmitter fre-
quencies, receiver dial setting accuracy, signal gener-
ator accuracies, amateur radio band edges and other
similar applications. In normal use, the variable fre-
quency oscillator is calibrated against the internal
crystal oscillator at various check points. These points
are listed on each page of the calibration book. The
fundamental or some harmonic of the v.f.o. is cali-
brated against the fundamental or some harmonic of
the crystal oscillator.. The “Corrector” control is
tuned for a zero beat indication in the headphones.
The function switch is then set to the “Operate” or
“Het. Osc.” position and the main tuning dial set at
the desired frequency as determined from the cali-
bration book. Crystal oscillator output is available
in the “Crystal” or “ Xtal > positions.

In addition to the crystal check points shown in
the calibration book, there are many others. Those
shown in the book will provide the loudest hetero-
dyne beat in the headphones. The intermediate ones
which can be heard, should not be used since the
instrument was calibrated against those shown in
the book. It should also be noted that the instru-
ment will not operate unless headphones are plugged
in to one of the “Phones” jacks. These are switch-
ing types which turn off the valve heaters unless a
plug is inserted.

Accuracy of the BC-221:—There has always been
a question about the accuracy of this instrument, and
lively discussions have taken place in U.S. journals.
Some users claim an accuracy of 0.01%,, while others
insist the BC-221 cannot achieve such accuracies.
If we consult the original technical manual covering

* The headphones are isclated by a single capacitor (see Fig. 4)
and for mains operation an additional double-wound output trans-
former should be used to conform to British Standard 415:1957.
—ED.
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Fig. . Voltage-regulated power supply suitable for use with
BC-22| frequency meter. R is adjusted to give I5mA in a
milliammeter inserted at X.

this instrument, we find that the maximum errors at
4,000 kc/s are as follows:
Small shocks, caused by

handling .............. 100 ¢/s, maximum.
Locking the dial .......... 30 c¢/s, maximum.
Warming up  ............ 100 c/s, maximum.
Changing of load on antenna }

postf ... ... ... 50 ¢/s, maximum.

A drop of 109 in battery
voltage or a change of 5°C.
in ambient temperature . .
Error in calibration 500 ¢/s, maximum.
Error in crystal frequency .. 250 c¢/s, maximum.
Total maximum error .. 1,355 c¢/s or 0.0349%
at 4,000 kc/s
Maximum possible errors at other frequencies are:
985 cycles at 2,000 kc/s, 180 cycles at 250 kc/s and
180 cycles at 125 kc/s. These are theoretical maxi-
mum errors under field conditions. However, these
errors are not necessarily additive, so that from a
practical standpoint, the errors under such usage
amount to about 509 of those shown. This would
mean an accuracy of about 0.0179% at 4,000 kc/s.
But the interesting point is that most of these errors
can be considerably reduced or even eliminated. For
example, we need not lock the dial; the instrument
can be left on at all times for maximum stability;
the load on the antenna post need not be changed
during use; a voltage-regulated a.c. power supply
can be substituted for the battery supply and the crys-
tal can be calibrated against MSF at 5 or 10 Mc/s.
To determine how such measures would affect
accuracy, the author tested six BC-221 models with
an electronic counter. In each case, sufficient warm-
up time was allowed, and the crystal was calibrated
against the internal crystal of the counter. Check-
ing in the 27 Mc/s range, accuracies better than
0.01% were consistently achieved, and using the
additive method, which we will discuss below, accu-
racies greater than 0.00259% resulted with all six
samples.

325 c¢/s, maximum.

The Voltage-regulated Power Supply:—A simple
voltage-regulated power supply is shown in Fig. 1.
This supply is easy to build, parts should be readily
available, and layout is not critical. Although the
battery voltage originally was 135V d.c., we found
that a 150V d.c. supply worked admirably, and with-
out sacrifice in accuracy. The worst feature of using

+ The aerial terminal stamped “ ANT ” in the standard model.
It may be convenient to replace this by a coaxial input socket.
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an a.c. supply is the possibility of hum in the
headset. This can be eliminated by using d.c. on
the heaters of the valves, but in most cases, this s
unnecessary because hum is not that objectionable.
Some models of the BC-221 will present worse hum
conditions than others. The power supply is located
several feet from the BC-221 to avoid the possibility
of heat affecting the frequency meter.

Setting the Crystal Frequency:—Most models of
the BC-221 contain within the crystal oscillator cir-
cuit, a trimmer capacitor which allows zero-beating
the 1 Mc/s crystal with an external standard. This
trimmer capacitor location varies from model to
model. In many models, the capacitor is located
behind the nameplate, as shown in Fig. 2. In other
models, the trimmer cannot be made accessible with-
out removing the instrument from its case. This
means either making a wiring harness so the instru-
ment can be operated out of its case, or drilling a
hole in the case at the trimmer location. The author
has used the latter technique with complete success.
A plug is placed in the hole to keep air currents
out of the mstrument.

To set the crystal frequency, use a receiver
capable of receiving MSF at either 5 or 10 Mc/s.
A receiver with an “S” meter will be most satis-
factory, since it will provide a visual, and
consequently more precise, indication of zero-beat.
An oscilloscope connected across the receiver output
may also be used as a visual indicator. Tune to
MSF and loosely couple a short length of wire from
the aerial terminal of the BC-221 to the input con-
nection of the receiver. Some adjustment in the
closeness of coupling may be required. While
observing the “8” meter, adjust the crystal trim-
mer capacitor of the BC-221 very slowly. As the
crystal oscillator is brought close to 1 Mc/s, you will
notice the “ 8> meter needle begin to vibrate. These
vibrations become slower and slower as you
approach the correct 1 Mc/s adjustment, and the
needle excursions become greater. With this tech-
nique, you can achieve a short term crystal accuracy
of 1 part in 10%, or better. In practice, the author
leaves the BC-221 on at all times, and checks the
crystal each time the meter is to be used. For this

D Rty

VS

\ Photo courtesy * Electronics World”’.)

Fig. 2. BC-221-0 with nameplate removed to show trimmer
capacitor for adjusting crystal oscillator frequency.
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book, determine the frequency. This is the fre-
quency at which the transmitter is operating.

The one disadvantage of the additive method 1is
that a number of beats may be present, and it may
be difficult to determine which is the correct beat.
The simplest technique is to key the transmitter
on and off while listening in the BC-221 head-
phones. The correct beat note will only be heard
when the transmitter is keyed on. All the other
beats should be ignored. With this technique, you
can achieve outstanding accuracies for an instrument
of this type. The author has used it consistently
on U.S. Citizens Band transmitters operating in the
frequency range of 26.965 Mc/s to 27.255 Mc/s.
Checks with an electronic counter show accuracies
in the range of 0.0001% to 0.00259%.

Leaving the instrument on at all times does con-
sume current, but assures greater stability. Valves
have been replaced as required without change in
accuracy. Experience of the author has shown that
the 6K8 requires changing more often than the other
valves.

Considering its price, the BC-221 is a very good
buy and with careful use, it is able to achieve
accuracies that rival those of much more costly
laboratory standards. It is an instrument of great
versatility. Generally, you will find accuracies
greater on the “Low” range, since its total fre-
quency spread -is only 125 kc/s as compared to
2,000 kc/s on the high band for the same dial spread.

The calibration book will provide 1,251 dial fre-
quency settings spaced 100 cycles apart for the
“Low ” range, and 2,001 settings spaced 1000 cycles
apart for the “High” band. Several harmonic
readings are also given for each of these discrete
settings.

No attempt has been made in this article to provide
complete operating instructions. Brief instructions
are provided in the calibration book accompanying
the instrument including methods for interpolating
between listed settings. While technical manuals
are no longer in print, if you are able to find tech-
nical manual, TM-11-300, you will have complete
instructions for all models. A change to the manual,
TM-11-300 C1, gives further information on setting
the internal capacitors.

Maximum accuracy is achieved by operating the
BC-221 in a room free from draughts and in which
the temperature is reasonably constant. Leaving
the instrument on at all times contributes to sta-
bility, but if you find this impossible, turn the instru-
ment on about two hours before use. Before making
any frequency readings, under these conditions, first
calibrate the crystal oscillator against MSF. Re-
pairs can be made to the crystal oscillator or the
audio section of the instrument, but any changes in
the variable oscillator, such as changing parts or
even moving any of the wires, will require re-
calibration of the instrument against laboratory
standards.

BOOKS RECEIVED

Transistor Television Receivers, by T. D. Towers,
M.BE., MA,, B.Sc., AM.ILEE., Grad. Brit. L.R.E., is
an up-to-the-minute survey of circuits used in the
U.S.A., Great Britain, France, Germany, Italy, Russia
and Japan. This is not a catalogue of current models
but a comparative analysis, stage-by-stage through the
receiver, of the design methods adopted and should be
of value not only to students of design but also to
servicemen in gaining advance information of this
growing class of receiver. Pp. 194, Figs. 188. Iliffe
Books Ltd., Dorset House, Stamford Street, London,
S.E.1. Price 55s.

The Application of Transistors to Sound Broadcast-
ing, by S. D. Berry, Assoc. I.LE.E. (B.B.C. Engineering
Division Monograph, Number 46: February 1963)
describes a number of transistor audio amplifiers and
associated apparatus designed for general use in the
sound broadcasting services of the Corporation. The
characteristics of some frequently used circuit configura-
tions are considered and a treatment is given of some
of the properties of the input circuits of transistor micro-
phone amplifiers with regard to noise. Pp. 20. British
Broadcasting Corporation (Publications), 35 Marylebone
High Street, London, W.1. Price 5s.

Proceedings of the International Conference on The
Ionosphere (held at Imperial College, London, July
1962). Papers from this conference appear under four
main sections: Ionospheric constitution and ionizing
radiations, geomagnetism and the ionosphere irregulari-
ties and drifts in the ionosphere and the mathematics
of wave propagation through the ionosphere. Each sec-
tion is introduced and summarized by an invited con-
tributor.  Also included are three papers giving
preliminary results from the UKI1, “Ariel” satellite.
Pp. 528. Published by The Institute of Physics and the
Physical Society and distribisted by Chapman and Hall
Ltd., 37 Essex Street, London, W.C.2. Price £5 3s.
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Radio and Line Transmission. Volume 2 by G. L.

" Danielson, M.Sc. (Tech.), B.Sc., AM.I.LE.E., and R. S.

Walker, Grad. LE.E., Grad. Brit. I.LR.E., covers the
syllabus of the City and Guilds of L.ondon Technicians
Certificate examination in Radio and Line Transmission
B. and forms part of the Telecommunication Technical
Series. Pp. 295, Figs. 226, Iliffe Books Ltd., Dorset
House, Stamford Street, London, S.E.1. Price 21s.

Wireless Servicing Manual, by W. T. Cocking,
M.ILE.E. This standard reference book now appears in
its tenth edition to which a chapter on transistors has
been added as an extension of the principles discussed
earlier in connection with valve equipment. Pp. 286,
Figs. 135. lliffe Books Ltd., Dorset House, Stamford
Street, London, S.E.1. Price 25s.

Radio Research 1962. The report of the Radio
Research Board and the Director of Radio Research in
D.S.1.R. gives outlines of the principal activities centred
on the Ditton Park, Slough, station. These include the
calculation of ionospheric structure at heights up to
100km to fit the field strengths observed by three
mutually perpendicular aerials in an exploratory rocket;
preliminary results of observation from the Canadian
“topside sounder” satellite made at Slough; and the
phenomenon of ““resonance rectification ” which results
in a sharp increase of flow of a direct current from a
probe electrode in the ionosphere when an alternating
voltage is applied at a specific frequency. Pp. 26. H.M.
Stationery Office, York House, Kingsway, London,
W.C.2. Price 3s (3s 24d by post).

Marconi and the Discovery of Wireless, by Leslie
Reade. A popular, non-technical account (in the “ Men
and Events ” series) of Marconi’s life and worth. Pp.
166, Faber and Faber Ltd., 24, Russell Sq., London,
Ww.C.1.
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Interference from Vacuum Lamps

THE attention of one of the authors was drawn to a
particularly bad case of v.h.f. (f.m.) interference which was
found on investigation to come from an old ‘ hairpin-
filament ” vacuum lamp. This phenomenon was fully
discussed with reference to television interference, in the
correspondence columns of Wireless World in 1953 and
1954, culminating in an explanation by ¢ Cathode
Ray 71, who showed that the oscillations were basically
of the Barkhausen-Kurz type. At any given instant the
negative end of the long filament would emit electrons,
and the positive end behave as the positive grid. The
negative anode, which provides the decelerating field
necessary to produce these oscillations, was assumed to
correspond to a tungsten coating on the inside of the bulb,
evaporated from the filament.

A total of five lamps of this type were found and tested
for oscillation, using an f.m. receiver. Four of these,
which had been in normal service for many years, gave
rise to oscillations at differing power levels, but the
remaining lamp showed no inclination to do so. This
lamp had been employed exclusively for photometric
work, and had been used only very infrequently. It was
decided to investigate the reason for its refusal to produce
interference, especially as it was of similar construction
and size to the (40-watt) lamp first found to exhibit this
phenomenon so strongly. The glass of the original
offender was, however, slightly discoloured and it was
obvious that its bulb had an internal coating due to
evaporation. It was decided to test for the existence of
this coating, by the method of Reynolds and Rogers2,
and three parallel silver rings (}in wide and }in apart)
were painted around the outside of the bulb, each in a
plane perpendicular to the bulb axis. The centre ring
was earthed and the admittance between the outer rings
measured using a transformer bridge of the type described
by Calvert.> This bridge has the advantage of separate
independent adjustments for capacitance and conductance,
and is also particularly adapted to 3-terminal measure-
ments. As shown by Reynolds and Rogers, the existence
of an internal coating causes an increase in the capacitance
from which the resistivity of the coating may be calculated.
Since the glass thickness was not known, a quantitative
estimation of film resistivity was not possible. However,
typical results of measurement at 1000 ¢/s are given below,
for three of the lamps:—

Capaci- Conduc-
tance tance
(pF)  (mu mho)
Test jig alone .. 0.55 0.6
Test jig + lamp A 39.4 96.5 (40-watt lamp—
strong oscillation)
Test jig + lamp B 2.5 5.0 (25-watt lamp—
‘ weakest oscilla-
tion)
Test jig + lamp C 2.2 0.6 (40-watt lamp—

no oscillation)
These figures show that the bridge used has detected
the change of capacitance due to the internal coating, also
that the equivalent conductance of the system is a more
sensitive measure of the presence of the coating than
capacitance at this frequency. Lamp A has a considerable

1. ““ Cathode Ray,” “Vacuum Lamp Interference ”—Wireless
World, Vol. 60, May 1954, p. 245.

2. Reynolds, F. H., and Rogers, M. W., “ A New Method for the
Detection of “Thin Conducting Films in Thermionic Valves,”
Proc. 1.LE.E., Vol. 104B, May 1957, p. 337. ..

3. Calvert, R., “ The Transformer Ratio-Arm Bridge —Wayne
Kerr Monograph No. 1.
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coating, and this is present to a much smaller extent on
lamp B. With lamp C, however, the conductance
measured is the same as for the test jig alone, demonstrat-
ing that there is no detectable coating on the inside of
the bulb.

Thus it appears that an internal coating on the glass
bulb is a necessary requirement for oscillation to occur,
as ““ Cathode Ray ” correctly deduced.

B. C. BRODRIBB
K. W. E. GRAVETT
Electrical Engineering Department,
Brighton College of Technology.

“R.M.S.” and -“Effective’ Values

IN his article on “ Non-linear Inductance” (July issue,
page 361) “Cathode Ray” comments that “the whole
idea of r.m.s. values is founded on linearity.” I have
far too much respect for ““ Cathode Ray > to believe that
his thinking is faulty, but perhaps the expression could
be improved.

It seems to me that when the waveform of current
is known, the r.m.s. value can always be found; it is the
result of a mathematical operation on the waveform. It
does not depend on the linear or non-linear nature of
the resistance through which the current flows. Whether
the r.m.s. value, when found, is useful or not is another
topic, but at any rate the r.m.s. value can be expected
to be shown on a moving-iron or thermo-couple meter.

If we think of the effective value of current (that
value of direct current which, flowing through a given
resistance for a given time, dissipates the same energy as
does the varying current) then, when resistance is not
constant throughout the cycle, the effective value is not
defined: what we would like to do would be to divide
the mean power by the resistance, to give I?, when I is
the effective value of the current. If resistance is not
constant, we cannot perform this division.

I may be quibbling but rather than say that r.m.s.
values are based on linearity, I would prefer to say that
the effective value can only be found when there is line-
arity; and when there is linearity, the effective value is
numerically equal to the r.m.s. value.

Unfortunately this does not agree with the British
Standards Institution Glossary of Electrical Terms. For
them, “r.m.s.” and “effective” are synonymous (and
they tell me that when they say “effective ” they have
in mind energy as the basis of comparison).

Surely whenever there is a repetitive time-function,
and the waveform is known, the r.m.s. value can be
evaluated whether we are interested in energy or not. If
the people who walk across Iondon Bridge each day
have regular habits, it would be possible to find the
r.m.s. value expressed in people per minute. And
whether there is linearity or not in their motion is of
no more importance than the linearity of the electrical
circuit (unless of course someone’s non-linearity is so
marked that he falls off the bridge).

All this may seem very trivial; but the confusion
between “effective ” and “r.m.s.” can mislead students
in problems dealing with non-linear resistance.

Kew, Surrey. T. PALMER.

The author replies:

It is quite true, as Mr. Palmer points out, that the
r.m.s. value of any periodic quantity can be calculated,
given its waveform, without reference to any other
quantity. But surely this would be a rather pointless
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Overload Protection of
Transistor Regulated Power Supplies

By F. BUTLER, o0.B.E., B.Sc., M.I1.E.E., M.Brit.l.R.E.

A GOOD deal of information is available on the
design of transistor regulated power supplies
but little appears to have been published about
current limiters or overload trips to give short-cir-
cuit protection. This feature is built into some
commercial units and it may be of interest to des-
cribe three simple systems which can be incorporated
in new units or added to existing power supplies to
safeguard them from accident or abuse. In certain
cases it may also be possible to protect the connected
equipment from the effects of a sustained overload.
It can be said at once that ordinary fuses are quite
useless for this purpose since they are far too slow
in action and this is also true of many types of
electromagnetic circuit breaker. Catastrophic dam-
age can be done to transistors in a matter of micro-
seconds and, to be of any value, protective gear must
act almost instantaneously.

Three basic circuits will be described. In one
of them the maximum possible output current is
limited to a preset value. This protects the power
supply unit from damage but does not necessarily
safeguard the equipment which constitutes the load.
In the other two a silicon controlled rectifier, cap-
able of switching in a few microseconds, is used to
cut off the power. Under favourable conditions
this may clear the fault so rapidly that there is
not much, if any, consequential damage. High-
speed protection must be applied intelligently; for
example it is useless to cut off the supply current
if a high-energy reservoir capacitor remains con-
nected across the load.

Series-transistor Voltage Regulators

One of the simplest and best-known regulator cir-
cuits is that shown in Fig. 1. The transistor Q1 acts
like a variable resistance between the input voltage
and the load. The voltage drop across Ql is deter-
mined primarily by its base bias which is varied in
such a way as to compensate for supply voltage
or load current changes. The base bias is taken
from the junction of R, and Q2. The collector cur-
rent drawn by Q2 is in turn a function of its own
base bias. The latter is determined in part by the
potential divider R,, R, connected across the regu-
lated output. The Zener diode Z in the emitter
lead of Q2 is fed through R, and develops a constant
voltage which is applied as negative bias to the
emitter of Q2. The effective base bias on Q2 is
thus the difference between the Zener voltage and
the potential at the junction of R, and R,. The
former is fixed while the latter varies with any
change in the output voltage. Such a change con-
stitutes an error signal which causes Q2 to draw
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a changing collector current. In turn, this alters
the base bias of QI in such a sense as to tend to
correct the initial error. The system is in effect
a negative feedback amplifier, operative down to
d.c.,, and to exercise strong control high gain is
required. One simple way of achieving this is to
use compound-connected transistors instead of the
single transistor Q1. Alternatively, a 2-stage ampli-
fier may be used instead of Q2 but it must be so
arranged as to retain the negative feedback charac-
teristic. The system is not only effective in cor-
recting slow changes in supply voltage or load
current but serves also to reduce supply voltage
ripple. Because Q1 acts like an emitter follower,
its output impedance is low and the good regulation
in respect of load changes may be regarded as a
consequence of the emitter follower characteristic.

With a fixed bias and emitter load resistance the
collector-voltage/collector-current characteristic of
a transistor is almost flat, corresponding to a high
slope resistance. This effect is partly responsible
for reducing the effect of supply voltage changes,
including ripple components. However, for maxi-
mum ripple suppression the base bias of Q1 should
be filtered by RC or LC circuits. Unfortunately
this results in a sluggish response to sudden load
or supply voltage changes and the technique is not
often used in practical regulator circuits. An ex-
ample of such a scheme will be given later in which
some filtering is used without serious time-constant
difficulties or penalties.

The problem of voltage control is somewhat sim-
plified if the associated power supply unit has
inherently good voltage regulation. In this respect,
types which have a capacitor-input filter are notori-
ously bad. Choke-input filters have a much lower
percentage regulation and they make the most of
power transformer and rectifier ratings. To reduce
ripple to an acceptable level normally requires a
second LC filter stage and this puts up the cost
so much that the cheaper system is often preferred,

— > O —
3
Q2
UNREGULATED A REGULATED
INPUT D.C.OUTPUT
“
' iz -
+0 - O+

Fig. I. Elementary regulator circuit.
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particularly as the output voltage 1s a good deal
Ligher. The use of a series-transistor regulator will
cut down choke-input filter ripple to a low level
without requiring a second stage of smoothing.
‘The regulator circuits and overload protection sys-
tems to be described are intended for use with
power supplies of the type shown in Fig. 2. Even
with this type of circuit there is a sharp rise of
output voltage under no-load or very light load
conditions and to avoid this it is usual to connect
a permanent ballast resistance across the filter capa-
citor or across the regulator output. It need draw
no more than five per cent of the full load current.

Protection by Current Limiting

Examination of Fig. 1 will show that, for a given
input voltage, the output could be reduced by
connecting a resistance between the base of Q1 and
the positive d.c. line. This would reduce the for-
ward bias on QI and increase the collector-emitter
voltage drop. A variable resistance serves to pro-
duce a variable output voltage. Similar effects would
be observed if a transistor were used instead of
this resistance and in this case the output voltage
could be controlled by variation of the base bias
on the third transistor. In particular, it would be
possible to supply so much forward bias that this
transistor would saturate and so reduce the forward

240V

220V

200V Ry

r.ms,

oV

Fig. 2. Power supply unit with choke-input filter.

bias on Q1 that the load current could not exceed
a safe maximum value, even if the output terminals
were short-circuited.

This principle is embodied in the practical cir-
cuit shown in Fig. 3. Here the compound-connec-
ted transistors, Q3, Q4 and QS5, mounted on a
common heat sink, together constitute the series
regulator element. Because of the compound con-
nection, only a minute change in the base current
of Q3 is required to cause large changes of collector
current in Q5. The transistor Q6 and its associated
components form the error-signal amplifier. The
remaining units Q1 and Q2 provide the current-
limiting feature.

Q2 is normally cut off and does not affect the
regulator operation while in this state. It can be
turned on by base current derived from the collec-
tor circuit of the low-power n-p-n transistor QI.
This, too, is normally cut off by taking its emitter
to the junction of R, and R, which form a potential
divider across the unregulated d.c. input. Some
forward bias is applied to Ql in consequence of
the voltage drop across the low resistance R caused
by the presence of load current. At some critical
value of load current the voltage drop across R will
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be sumcient to bias I nto conduction. i'he resuit-
ing collector current puts forward bias on Q2 and
initiates the sequence of events described above. By
selecting the value of R so that, with full load cur-
rent through it, Q1 remains cut off, it can be seen
that any further rise of load current can be checked.
In practice theregulation characteristic can be made
quite flat up to some preset maximum. A short
circuit on the output will not cause more than a
20 per cent increase in-this figure.

To set up the system it is best to remove QI and
Q2 from the circuit and first get the regulator work-
ing properly. Q3 and Q6 are low-power transistors
with a collector voltage rating well in excess of the
unregulated d.c. input voltage. Q4 is an interme-
diate power transistor while QS5 is rated to carry
the full load current. Its power dissipation rating
can be estimated by taking, as an extreme case, the
unregulated input voltage and multiplying this by
the full load current. QS5 must be fitted on a well-
designed heat sink with free air circulation. The
resistors R, and R, give some protection against
thermal runaway, though this is an unlikely contin-
gency. Ignoring R, for the moment, the output
voltage is dictated by the values of R,, R; and R,.
Reducing R, or R, will have the effect of increasing
the load voltage, while an increase in R, also in=-
creases the output. By making any of these resist-
ances semi-variable the output voltage can be set
at any value between wide limits. The resistance
R, may be chosen to give a slight rise of load volt-
age in response to an increased load current.
Initial settings of the regulator are best made at
about half load. Minor variations in component
values can then be made to secure good regulation
over a wide range of load current.

Once proper operation of the main regulator has
been achieved, attention can be turned to the pro-
tective circuit. Q1 and Q2 should be connected in
position and either R or R, adjusted so that Ql
and Q2 remain cut off until full load current is being
drawn at the rated output voltage. Any increase
in load current should then bias Q1 and Q2 into
conduction and cause a marked fall in the voltage
developed across the load.

This simple circuit gives adequate protection
against all but sustained short circuits. Under these
conditions the power dissipation in Q5 is a maxi-
mum since the full unregulated voltage is applied to
it and it is carrying a current slightly in excess of
the rated full-load current. Ample time is available
to disconnect the load before the temperature rise
becomes excessive.

By adjusting R (continuously or in steps), the pro-
tective circuit can be brought into operation at any
selected value of load current. This feature is
useful, particularly when a wide variety of loads are
likely to be operated from the supply unit.

Overload Trip Using a Silicon Controlled
Rectifier

A controlled rectifier is a solid state device analogous.
to a thyratron. It has anode, cathode and gate elec-
trodes. It blocks current in the direction which
makes the anode negative but will conduct current
in the other direction (anode-to-cathode), provided
that the gate electrode is positively biased. Without
positive gate bias, the device blocks current in both
directions. Once triggered into conduction by for-
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practically cut of aend
the load current drops
to an insignificant frac-
Qs tion of its normal value,
The SCR remains

conducting even when

R, | the load current in R is
%220 Q4 §mall and the gate bias
R, 2N458 R is far below the level re-

Q1 %'Ok %5.“( quired to Initiate con-
25@1? : duction. To restore
] RecuLATEp  OPeration  to normal

INPUT outrur  after the «circuit has
14V been tripped it is nec-
03 G6 0-12A essary to press the reset
25301 25301 button. This momen-
- ™ T 4 tarily opens the SCR
%Rz ) anode circuit and inter-
Il 02 R R ! rupts the current. It
25301 s-fk “: Re cannot start again uqtll

7 680 sufficient forward bias
3.3V is again applied to the
+— : d 5 . : . gate electrode. If the
. i . o circuit has been tripped

Fig. 3. Transistor regulator with current-limited output. because of a load short

circuit it is obviously

ward gate bias, the gate electrode exercises no necessary to clear the fault before pressing the reset
further control and current can only be interrupted  button. While this is open the circuit is unprotected.

TEXAS
R 2N458

by switching, reversing the applied voltage or intro- By suitable choice of the value of R the circuit
ducing a very large resistance into the anode circuit. can be arranged to trip with any desired value of
The circuit of Fig. 4 shows one way of using an  load current.  The switching action is virtually

SCR to cut off the load current at any preset value. instantaneous and is certainly fast enough to protect
Transistors Q1-Q5 correspond to Q2-Q6 in Fig. 3 an ammeter in series with the load even when the
and the actual regulator circuits are identical. The output terminals are short circuited. This instan-
choke L. and capacitor C act as a filter circuit for taneous protection is not given if a capacitor is used
the base bias supply by Q2. They are not essential in parallel with the load. This point should be
but they do result in a substantial reduction in the borne in mind if one wishes to make full use of the
ripple voltage developed across the load. The SCR  high speed switching characteristics of SCRs.

is connected in series with a reset button (normally

closed), and the two resistors R, and R,. The pprotection by Silicon Controlled Switch
resistance R carries the main load current and-the

voltage developed across it is applied through R, The silicon controlled switch is another semi-
to the gate electrode of the SCR. With normal conductor device which is ideally suited for short-
full-load current in R

the resulting gate cur- L

rent of the SCR is in-
sufficient to trigger it o —AAAA—— . . _
into conduction. Any I'5
increase in load current Ra G4 Ro Rio
beyond the preset value

fires the SCR and it 50 20H
passes a current which SCR
is determined by the Qs
unregulated input volt- . § Re

age and the components é r“—‘ 51k

R, and R,. Actually
there is a small voltage |ypyr
drop across the SCR in
its conducting state but
its effect is negligible.
The voltage drop across
R, is applied as forward
bias to the transistor R,
Q1. This is normally AN~ QI R, % 37%

BUTTON R " REGULATED
0UTPUT

5
J A 3-3-10k 14V
= Q2 0s 0-1-2A

Riy
7 680

330 , 3.3V

cut off and in this state
has no effect on the
regulator action. When v
Q1 is forward biased to -+ d : : - . +
saturation the series

regulator stage Q5 is Fig. 4. Overload trip action is provided by this circuit, using a silicon controlled rectifier.
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J———d

and in this case the voltage drop
across R would be used to put posi-

Q3
: 15k s-né
20H
soon%L
Q2
gi-lk
3-3-|0k%
INPUT G Q4
g N Vg Ve
B C
T oK RESET ‘
BUTTON

33V

tive bias on the gate electrode. Such
an arrangemer. would be simpler
than that shown in Fig. 4 but it
would be more expensive because
of the requirement for n-p-n tran-
sistors, probably silicon instead of
germanium. The reversal of polarity
would, of course, call for a reversal
of the connections of the  Zener
diods as well as a change in tran-
sistor types.
REGULAIED When the highest possible trigger
14V sensitivity is required in the SCS it
0-12A  is recommended that the unused
gate electrods should be left opzn
and unconnected.

Choice of Protective Measures

Each of the methods described has
its own particular- field of applica-
tion. Fig. 3 is ideally suited for use
with d.c. motors. These can be
switched direct-on-line and the
+  starting current will only just ex-

680%

Fig. 5.

circuit protection. One form of this device, deve-
loped by the General Electric Company (U.S.A.)
and described in their “Transistor Manual,” is a
low-power SCS which is provided with two gate
electrodes, Ga adjacent to the anode and Gc next
to the cathode. Either gate may be used to trigger
the SCS into conduction. If Gc is used it requires
a positive drive signal while, if Ga is employed, the
gate signal must be negative. In either case an
extremely small trigger current is effective from a
low voltage source. The existence of two gate elec-
trodes makes the SCS more versatile than the normal
SCR. The cost is also lower than even the smallest
controlled rectifier. The G.E. Type 3N58 is priced
at about 25 shillings in small lots and its switching
capability is more than adequate for the protection
of most regulated power supplies.

Fig. 5 is the complete circuit diagram of a voltage
regulated supply incorporating this form of overload
protection. The action is essentially the same as
in Fig. 4. The SCS is normally non-conducting
except for a very small leakage current. The resist-
ance R is so chosen that with full load current the
gate bias on Ga is insufficient to trigger the switch.
Any increase in load current is sufficient to fire the
SCS and bring the base potential of Q1 down to
earth or H.T. +.

As in Fig. 4 the value of R may be chosen to
trigger the SCS at any desired value of load current.
Complete cut-off takes place in about 1 microsecond
and to restore normal action after tripping it is
necessary to remove the overload and press the
reset button or momentarily switch off the main
power supply and then switch on again. In one
sense the SCS as employed in Fig. 5 may be regarded
as a complementary SCR. If Q1-Q4 were all
replaced by n-p-n transistors the regulator could be
used to give an output with reversed polarity. In
this case a standard SCR could be used in place of
the SCS. Its cathode would be connected to H.'T. —
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Overioad trip using silicon controlled switch.

ceed the normal maximum load
current. The motor will quickly
‘ accelerate to full speed. By con-
trast, switching a motor load on to the circuits of
Figs. 4 or 5 will cause them to trip every time before
the motor has begun to move.

All three circuits are equally reliable and give
complete protection without interfering in any way
with the normal regulator action. A small voltage
drop across R and a trivial power loss in it are the
only penalties incurred.
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INFORMATION SERVICE FOR
PROFESSIONAL READERS

Judging by the number of reply-paid forms re-
turned to us each month, this Wireless World
information service is proving to be very helpful
to our professional readers and is therefore being
continued.

The forms are on the last two pages of the
issue, inside the back cover, and are designed so
that information about advertised products can be
readily obtained merely by ringing the appropriate
code numbers. Code numbers are also provided
for requesting more particulars about products
mentioned editorially.

By the use of these forms professional readers
can obtain the additional information they require
quickly and easily.
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NOTES ON

(1 +

x) By THOMAS RODDAM

A MULTI-PURPOSE FUNCTON WHICH IS ALWAYS TURNING UP

EINS within a space and a wearywide space it wast
I promulgated in these columns some ipsofacts and
sadcontras about some of the design problems of
feedback amplifiers. Much of what I had to say,
reduced to instant form, lies enshrined in the Radio
Designer’s Handbook (Iliffe Books Ltd.). The
increasing weight of this and my own growing
weakness make it likely that I shall never see the
results again. Even before then, and very much
since then, we have seen the coupling and decoupling
networks of amplifiers analysed. Just to remind you
of the process, let us choose the simplest form of all,
the LR network shown in Fig. 1, and write down
the equation
ViV, =1+ jeL/R
In this we write w, = R/LL and we can jump
directly to the result
VYV, 2 = 1 4 (wfwy)?
From this we get the frequency response
20log|V,/V,| = 10log [1 + (/)7

Now we write (w/wy)? = x and we are dealing
with the function log (1 + x). When we are roughing
out amplifier designs we use a very simple approxima-
tion for this function. So long as  is less than w,
so that x<1, we take (1 + x)~1. When o is greater
than o, so that x>1, we take (1 + x)~x. The
frequency response of the network in Fig. 1 is then
represented by two straight lines, a zero loss line up
to the frequency w, at which »L. = R, and a 6dB
per octave slope above this frequency. We may go
on to note that at w = w, the loss is in fact 3dB, and
sketch a curve through this point with the straight
lines as asymptotes. When we have a number of
factors of this kind the errors may leave us with too
much uncertainty, but we can easily produce an
exact response of an amplifier with decoupling and
step circuits by using a template for the function
fog (I + x).

I have frequently preached the doctrine that an
engineer should be a lazy man. The modern
engineer confronted with the task of building the
Pyramids would not have begun by hiring personnel
officers. In the great days of T.R.E. he would
probably have devoted all his energies to showing
that Pyramids were unwanted, unnecessary and
incompetent. Convinced that the return in foreign
exchange justified the capital expenditure (just think
what the Duke of X— could have made out of the
Sphinx) the engineer would design a Pyramid
building machine. The only trouble would be that
in no time at all he would be transferred to making
a smaller model to produce pyramids, anti-tank.

Anyway, we have our template of log (I +- x). We
do not need to regard this simply as a device for
drawing amplifier responses: it has a number of other
uses and, since we have the template, we might just
as well -apply it. Just how often this approach is
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really valuable is a matter upon which I will express
no opinion because I feel that it could only be a
reflection of my own personal attitude. You will
find that some engineers choose to plot out every
curve for itself, as it were; that others will try to
normalize all their sets of graphs into one, and, given
the chance, will choose the scales so that they have
just a straight line; while yet a third class never draw
graphs at all. What one member of one class
considers useful, another man may regard as totally
unnecessary. 1 think you may find some use in this
technique but anyway, you do not have to use it.
To begin let us take the rather simple case of a
resistance bridging a line. The connection of such
a resistance introduces what is called a bridging loss
and we often have to design systems in which a

Fig. 1. Simple LR network,
w! R v, |

ng. 2. Resistance bridging a .
line. v R Ro

minimum value is prescribed. The resistance may
be an amplifier or a monitoring loudspeaker; indeed
this is a recurrent problem whenever a signal is
carried on a common busbar which can be reached
by a number of loads. The standard form is that
shown in Fig. 2, where we have a generator of
impedance R, with a matching load of R, and an
optional tap along the line at which a second load R
can be connected. The voltage across the load R,
is easily seen to be V/2(1 + R,/2R)~ 1, which when R
is infinite reduces to V/2 as we should expect. The
bridging loss, the factor which controls the effect of
R is simply 20log(1 + Ry/2R)dB. In this we must
write Ry/2R = x, so that we have for the bridging
loss the result 20log(l + x)dB. There are two
points to note here. In our previous use of this

- template we have been dealing with 10log(l + x) and

we must modify the scale accordingly. We have also
been thinking in terms of « although the plot is based
on w? w,% As we are using a logarithmic scale there
is a second factor. of two which must be taken into
account. Between them these two factors give us the
result that the bridging loss is 6dB when R = R,/2
and the bridging loss increases by 20dB per decade
of R when R is much less than Ry/2. The result is
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BRIDGING L0SS (dB)

| 1 I
R 025 05 2 4 8 6 32 64
Ro/ZR

Fig. 3. Bridging loss produced by resistance R across a line,
with generator and load impedances Ro. '

the graph shown in Fig. 3, which was drawn using a
template which I had cut in about 1949,

This example illustrates the only danger in this
attempt to use one shape of graph for many jobs; it
is very easy to get into trouble with the factors of
two. I do not think there is any automatic protection
which can be provided here: it is probably always wise
to check the x = 1 point (3 or 6dB) and the asymptote.
I cannot make up my mind whether this whole
example is trivial or not. My own inclination would
be to stick to the slide rule, but I have seen Fig. 3
plotted out painstakingly both for internal use in a
large organization and in one or two books, so
obviously the graphical form has its adherents.
Indeed, looking back, I recollect using those graphs
myself.

The effect of a resistance in series, the series
insertion loss, is another (1 4+ x) form which can be
calculated in exactly the same way as the shunt
insertion loss and will be left to the reader while we
press on in all other directions.

One rather useful form for quick assessments is
found in the field of feedback amplifiers. When we
are designing amplifiers for instruments, and also, in
a more specialized world, when we expect to have a
whole string of amplifiers in tandem, we may be
more concerned with providing constant gain than
with any other aspect of the problem. Some of us
may have been at work with scissors and paste to
convert Mr. Edwin’s calculator* (actually Mr.
Felkerf, to whom we owe the ability to see an
American drinking soda water at the very instant he
does so, described this device) into a working model,
but what with shrinkage and errors of construction we
may find our model is in error by the odd decibel.
We can use our template for the following calculation.

Let us write the gain with feedback as

ny = p/(1 4 uB)
where uf is a positive number with negative feedback,
Then rearranging:

l/l-'vf = B(l + 1//-‘:8)
This we have seen many times before and we know
that 1 -+ 1/uf is the finite gain correction to the
simple form 1/p; = B or vy = 1/8. If we call this
correction C we can plot 20logC as a function of
log uB, or log 1/uf, it is the same with reversed

" “Wireless World, June 1962, p. 281.
tProc.L.R.E., Oct. 1949, p. 1204,
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scales. I really cannot draw Fig. 3 all over again.
When p8 = 1 the correction is 6dB: when p8 = 2
the value of 1/uB is 0.5 and the correction is 3.55dB
by slide rule or 3.6dB from Fig. 3, using the R,/2R
scale as a 1/uf scale. Suppose now we have this
system and put in high-gain devices so that p is
doubled, making 1/u8 fall to 0.25. The correction
factor falls, from Fig. 3, to about 2.2dB so that the
change in overall gain will be 1.4dB. Notice that this
chart-reading is not tremendously accurate, but it
does offer a quick way of getting our ideas into the
right region. A very rough calculation is often
sufficient to lay down the lines along which a detailed
design will develop. Time spent in reconnaissance is
seldom wasted.

Moving away from these simple applications let us
look at something rather different. The inductance
of a coil of # turns wound on a core of area A and
permeability o, with an average flux path length of
[, in the core and /, in an air-gap is given by the
well-known expression :

2
L = L?iéﬁ X 10-% henries
) . lg _l"' lc/f"'o
We can rearrange this in the form
' ‘ 1 1.25n%Ap, '
L=+——5 x-"“—F—%10*H
1 ‘,‘ Molg/lc lc

in which we have the second term, the inductance
with zero air-gap, multiplied by the gap-effect
factor 1/(1 + pol,/l,). If we consider the behaviour
to be plotted on log-log scales, the only factor we
can vary with this particular form is the gap length,
and by thinking in asymptotic terms we see how
when the gap length /, is less than /. u, it has not
very much effect, while if /,>1,/u, the gap begins
to take complete control. ,
Let us change our view-point. Instead of doing
what comes naturaily, putting an air-gap in a core,
let us put a core in a coil. Then we write the in-
ductance as ’

L = 1 1.25x*A

T+ Tomd, 1,

The physical interpretation of this is that the inductor
is planned as a system using material of infinite
permeability and the inductance is then found to
be modified by a *finite permeability factor”,
1)(1 + l,/uol,). For a system of high stability we
shall have (/,/uel,) on the below-unity side in Fig. 3
and we can use the curve to estimate just how much
the inductance will vary as p, changes either from
sample to sample of material or as a result of d.c,
flowing through the winding. There are some
interesting possibilities here which 1 have been
meaning to examine for some time. At the moment
there is quite another application for our standard
curve to be considered. ' '

If we have a four-terminal network with hybrid
parameters, %,,, Ay, By and h,, and we drive the
terminals 1, 1’ from a source of impedance R, and
load the terminals 2, 2’ with R, we can calculate the
impedances presented at the terminals by applying
any of the standard methods. Those of us whe
dislike effort keep a collection of tabies of matrix
forms so that we can avoid having to work out
these expressions over and over again. * Enough is
enough”, as one politician is reported to have said to
another. The mention of the hybrid parameters will
have suggested to the reader that the black box of the

x 10-* H
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four-terminal does not contain the answer to the
world’s ills (that box,.I am afraid, is empty) but is a
classy way of talking about a transistor complete
with its power supplies. »

The input resistance, and we shall assume that we
are concerned only with low frequencies and can
forget any reactances, is given by the equation:

Rz’n = (hn + 4dh Rz)/(l + h2éRZ)J

where 4h is the determinant 4y, hyy — hyp byy. Let us

consider plotting this, and let us use log-log paper.
We shall then be considering

log R;;, = log hy; + log (1 + 4h Ry/hy;)—

. constant again.

as we have said, when R, is small the input impedance
is just 4,;. Working with asymptotes this condition
will hold up to the resistance R, = R;, above which
the logarithmic characteristic falls under the control
of the term —log (1 + R,/R;) ~ —log (R;/R;y).
When R; reaches the value R;,, however, the term
+ log (I + R;/R;,) comes into action, and as this
is ~ -log(R;/R;;) the input impedance becomes
We can thus draw the asymptotic
characteristics shown in Fig. 4 very quickly. Using
the template construction for this step circuit,
we can draw the exact shape for the curve, too. _

Suppose, however, that the transistor were being

- log (1 + AyR;) used in the common-collector mode. The hybrid

Let us choose some values for a typical transistor. parameters for the same transistor would then be
If we take the sort of numbers we might find in a- Ay, = 1,000 ohms :
common-emntitter connection, say ‘ ' 9o = 100umhos

ki1 = 1,000 ohms 21 = —101

“hyy = 100umhos 12 = 1—-7.5 X 10-%av1

01 = 100 . 4h ~ 101

hi, = 7.5 x 10~ The input impedance with zero load is still, of course

we have 4k = 0.1 — 0.075 = 0.025, so that %,,/4k h,, = 1000 ohms, because it makes no difference

='40,000 and 1/A,, = 10,000. Do not, I pray, try to
identify this transistor, because the parameters
were chosen to give these last two results. I see,
however, that the figures are not very different from
those given for the OC75 so that you may accept them
as being quite realistic. This is the danger in faking
parameters to get round numbers: you may get
numbers which are hopelessly out of line with
reality.

When we short-circuit the output, the collector,
we have the input impedance as simply 4,;, 1000
ohms. (We need not use the primes on the 4’s.)
As we increase R; the two other factors operate
against each other. Each factor is of the form
(1 + x) and so we can look for two ¢ characteristic
impedances,” R;; = 1/h;;and R;, = A,,/4h. These
are :

R;; = 10,000 ohms
R;, = 40,000 ohms
Interpreting the equation for log R,, we see that,

—

11024M
512k
256k
128k

64k
32kF
16kl
8k
4kt
2kt -

Fig. 4. Input resistance of a
transistor as a function of load
resistance in the three modes of

whether the short-circuited load is in the collector
lead or the emitter lead. Now, however, we have
R;; = 10,000 ohms
R;;, = 10 ohms ‘
This implies that as soon as the load exceeds 10 ohms
the input resistance begins to rise, and it will rise
until the load resistance is 10,000 ohms, when it will
be 1 megohm. We can add this characteristic to
Fig. 4.
The third mode is the common-base mode. For
this we have, approximately,

11 = 10 ohms
h12 = 0.25 X ].O’a
21 = -"0.99
99 = lumho
dh = 0.25 x 103
The values of R;; and R;, are obviously
R;; = 10% ohms

R;, = 40,000 ohms
No more calculations are needed to draw the set of
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COLLECTOR _Fig. 5. Asymptotic behaviour of

output resistance of a transistor
as a function of source resistance.
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GENERATOR RESISTANCE Rg{(Q1)

20 80

curves shown in Fig. 4: these show the complete
behaviour of the input resistance of a transistor in
the three modes of operation as the load resistance
is varied. There has been a little dirty work with the
scales in order to simplify the drawing and to avoid
awkward numbers but this is, I think, fair when the
transistor itself has been faked to give illustrative
results.

It is possible to produce this diagram with rather
fewer calculations, but I prefer to follow the course
given above and to note the following check points.
The common-emitter mode shares one characteristic
resistance with the common-collector mode and the
other with the common-base mode. At zero load the
common-collector and the common-emitter input
impedances are the same, while with an open-
circuit load the common-emitter and common-base
input impedance are the same. The ramp portion
of the common-emitter asymptotic characteristic,
when extended, bisects the ramp portions of the
other two characteristics.

The output resistance of our transistorized black
box has the form: ‘

Ry = 1y + R + hyy R)

We write
log R,,; = log (hy/4h) + log(14-R,/h;,)
—log (1+4h4.R,/4R)

Here we have the same sort of behaviour, with the
two characteristic impedancies R, = #;; and R, =
Ah/hy,.

For the common-emitter connection the starting
value %,,/4h = 40,000 ohms, while R, = 1,000 ohms
and R,; = 250 ohms. For the common-collector
mode we have initially R ,,; = 10 ohms, and R, =
1,000 ohms, R,, = 10¢ ohms. For the common-base
mode, initially R ,,; = 40,000 ohms, R,, = 10 ohms,
R,, = 250 ohms. Notice again how one characteristic
resistance is shared by the common-emitter and
common-collector modes, and another by the com-
mon-emitter and common-base modes. Only the
asymptotic characteristics have been drawn in Fig. 5,
because of the author’s natural laziness and also
his belief that these characteristics show the founda-
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80k

-

320k 1'28M

tions of the behaviour in a way which is hidden by
the true smooth characteristics. This seems to be
especially true of the common-emitter characteristic.

There is one more transistor equation which fits
into this sort of approach and that is the current-gain
equation. Ii the input current is I, and the output
current is I, we have

‘12/11, = {]121//(1+h22Rl)I

Notice that the signs are left to look after themselves.
As always we take logs, and write

log|I,/1,| = log ks, — log (14-7,.R;)

Note that the gain asymptote has its corner at
1/hys = R;. We know that the values of %,, are the
same for the common-emitter and common-collector
modes, while apart from the minus sign the values
of %,, are nearly the same: the difference between
h, and 14-A,, is just meaningless in this context.
We thus need only consider two curves, the driven
base and the grounded base. For the grounded base

=3
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<
T

[a¥]
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T

COMMON EMITTER
COMMON COLLECTOR

CURRENT GAIN
o
T T

N
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T
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1 : ! 1 :
D 20 40 80 160 320 6401,280
LOAD RESISTANCE Ry (k0)

Fig. 6. Asymptotic behaviour of current' gain of a transistor
as a’ unction of load resistance.
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UNBIASED

Breach of Security

IN June there was a lot in the news-
papers about security, and when I
heard that an exhibition was to be
held in the New Horticultural Hall,
Westminster, called “The Inter-
national Security, Police & Fire Ex-
hibition” I was determined to visit
1t.

From what I read in the prelimin-
ary publicity it seemed to be easy
nowadays to use applied science—
and more especially electronics—to
turn our homes and offices into well-
nigh impregnable fortresses. )|
gathered that any malefactor seeking
entry would not only trigger off local
visual and audible warnings, but also
send .a signal to Scotland Yard or
local police H.Q. )

It so happened that an early op-
portunity was vouchsafed to me to
test this much-vaunted impregna-
bility, for by pure mischance as I
walked along the side of the building,
I mistakenly entered by a door which
I realized later was really an emer-
gency exit which had been opened
because of the excessively humid heat
of the afternoon. It was not until I
was well inside the building with my
2s entrance money still in my hand
that I realized my position,

This incident rather destroyed my
confidence in all the very remark-
able security arrangements on show
as.naturally I could not help thinking
that if the manufacturers of these
ingenious devices could not protect
their own exhibition building, what
faith could I have in their ability to
protect my home or office? However,
on reflection I realized it was not
their fault but that of the organizers
who had failed to make the necessary
security arrangements; I wonder how
many others made the same mistake
as I did?

Actually some of the protective
schemes on show, many of which
used electronic devices of all kinds,
were highly ingenious and first-class
in every way, but the thing which
chiefly interested me was the new
pocket transmitter/receiver for use
by individual police officers to enable
them to communicate with their
stations,

This instrument was very compact
and light, and could easily be carried
in the pocket. Beyond the fact that
its average range is 30 miles, ob-
viously varying according to local
screening conditions, I can give no
details as 1 was toid that all techni-
cal literature was exhausted. 1 am
still wondering if this was the truth
or whether the manufacturer’s rep-
resentative  withheld information
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because he thought I looked too
much of an anti-social type to be
trusted with it. Time will tell, as I
asked that full details be sent to the
Editor who maybe will receive a visit
from the police instead.

Wireless Cribbing

NO doubt some of you noticed in
your daily newspapers recently that
a report from Lisbon recounted how
a schoolboy was caught cheating in
an examination by an ingenious but
misguided use of wireless.

He had a large surgical dressing
over one ear which hid a transistor
set by means of which he was able to

signal to his brothers outside the -

examination room who supplied
answers to his questions. - This
method of cribbing by wireless is
very old, and I referred to an earlier
instance of it in these columns over
a quarter of a century ago.

In those primitive days, telegraphy‘

and not telephony was used, and the
offender was not successful owing to
the difficulty of transmittfng by
morse a very complicated equation
in a mathematical paper. It would,
I think, be equally difficult to trans-
mit such an equation by telephony,
and so would-be cribbers will have
to wait until the days of fully
miniaturized TV with a screen the
size of a watch face. -

‘Maybe the Editor won’t be able to
spare the space for me to repeat the
equation here, and so those of you
who haven’t still got the issue of 28th
April, 1938, will have to ring him up.
If so he may try reading it out to
you in order to prove my words
about the difficulty of getting it over
correctly by telephony.*

* My line is often busy, so I had better
read it now: Jay (bar) equals pi ee squared
eff tau over em into integral delta en
nought by delta vee into vee cubed dee vee
into (square bracket) integral, nought to
pi, sine cubed theta dee theta minus in-
tegral, nought to pi by two, sine cubed
theta dee theta one over tee into integral
nought to tee exponential minus zed over
lambda nought cos theta dee zed minus
integral, pi by two to pi, sine cubed theta
dee theta one over tee into integral, nought
to tee, exponential tee minus zed over
lambda nought cos theta dee zed (close of
square bracket).—Ed. -

What is a Machine?

SOME more information has been
received by the Editor from the man-
aging director of the firm whose
troubles of technological terminology
I tried to tackle in the June issue.
He has now written to tell the
Editor that he has had further cor-
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respondence with the British Stand-
ards Institution from which he
gathers that in the Institution’s
opinion, a static device such as a
transformer is not a machine. But
he is rather puzzled by the B.S.I.s
reference in one letter to “rotary
machines ” as this seems to imply, in
his opinion that a statidnary device
can also be a machine,

In my opinion, however, this is not
so as the Institution may be using the
term “rotary machine” to distin-
guish it from one having only a re-
ciprocating motion such as the
“make & break” mechanism of an
induction coil which we used in the
old spark transmitter days.

Actually the word “ machine ” does
not imply the possession of any
moving parts if we go right back to
its basic meaning. Therefore, a static
transformer is a machine even though
it has no moving parts, or at any rate
ought not to have any although in
some of them, when under heavy
load, one can sometimes detect a faint
humming noise, indicative of a cer-
tain amount of lamination liveliness.

However, we can discount this, as
also we can the suggestion that the
electrons shuffling backwards and
forwards in the transformer windings
constitute moving parts. I realize,
of course, that at rock bottom elec-
trons are indeed moving physical ob-
jects unless we follow the present
tendency to take a sort of meta-
physical view of the ultimate nature
of electrons by thinking of them as
merely a mathematical concept, or as
being merely “a strain in the ether,”
a phrase which I once heard used by
an N.P.L. pundit.

Now where are we? We have just
decided that a machine does not
necessarily have mowving parts. The
dictionaries—even the heaviest of
them—do not help 2 lot as they refer
to a machine as a device or contri-
vance. They also say the Romans
used the word {(machina) a lot in
connection with lifting weights which
were too heavy to be dealt with
manually. This leads me at once to
think of that excellent sort of lever
which we usually cali a crowbar. It
would seem to have no moving parts,
and yet when in use, one end of it,
as in the case of an oar, does move
relative to the other. It is no use
trying to dodge the issue by saying a
crowbar is a tool; so is an electric
drill which is also most certainly a
machine.

I think I'm getting rather out of
my depth, and must leave to you
savants the question in the title of
this note. In my opinion it is in-
cumbent upon us to assign our own
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