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IN a letter to Nature (Sept. 12th),
K. G. DENBIGH draws attention
to the practice of many British

firms of refusing publication of
research carried out by their staffs.

He says : " Each year a consider-
able amount of scientific investiga-
tion is carried out by research
workers in industry, the results of
which remain quite unknown to the
scientific world in general. This is
generally on account of the unwilling-
ness of industrial companies to allow
their competitors to obtain any
information which might be useful
to them.

" . . . The non -publication of
research carried out by private
enterprise seems to be far less
pronounced in the United States
than Britain. In the writer's view,
the vigour and progress of American
industry can be ascribed very largely
to the wealth of information which
is available in the American litera-
ture of applied science."

The letter might well be quoted in
full, but space must be left for a
reply which was given by Dr. N. R.
CAMPBELL, of the G.E.C. Research
Laboratories. He suggests that by
" many " Mr. DENBIGH means
" nearly all," and points out that
the statements do not apply to his
Company, and that evidence is
needed to show that the practice
Mr. DENBIGH denounces is typical
of British industry.

C

Keeping Mum
He concludes : " What a manu-

facturer would like to learn from his
competitors is not simply how to do
something, but the way of doing it
that has been found the best. The
method most scientifically interesting
is by no means the most commercially
effective. By publishing scientific
work that indicates some new alterna-

ELECTRONIC ENGINEERING
MONOGRAPHS.

The Publishers of this Journal are
arranging to issue at intervals a series
of Technical Monographs on specially
interesting radio and electronic subjects.

They hope that the production of
such monographs will enable radio
engineers and students to build up
at reasonable cost a library of specialised
information which could only be otherwise
obtained from a number of books and
periodicals.

The monographs will be in the form
of octavo size booklets of uniform. style,
bound in stiff red paper.

The first will appear in November
under the title

FREQUENCY MODULATION
by K. R. Sturley, Ph.D., A.M.I.E.E.

based on the articles which have recently
appeared in this Journal, revised by
the author.

Copies can be obtained from technical
booksellers, price 2/6, or direct from
the Publishers at the above address,
price 2/8 including postage.

tive, the manufacturer does not
disclose the method he is actually
using."

At the present time it is difficult
to enter into a discussion on the
desirability of publishing scientific
information. So much is considered
likely to he of use to the enemy that
an exaggerated importance is given
to the most harmless disclosures and
manufacturers are preferring to
clamp down on all their latest
developments rather than run the
risk of giving away something.

In normal times, however, many
people would be inclined to agree
with Mr. DENBIGH'S statements, and
comments have frequently been
made on the quality and quantity of
information available from America
compared with that issued over here.

It would not be difficult to find a
number of British firms who are
well-known in the radio industry
and yet whose contributions to the
literature of the subject are
negligible.

A  policy of keeping mum may
ensure that nothing is given away
but it may also earn an undeserved
reputation that there is nothing to
give away and nobody to give it

It is to be hoped that the good
habits of exchange of information
which the war is engendering may
persist in the post-war Utopia that
the industry is hoping for.
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The Generation of Groups of Harmonics
By D.

HARMONICS

may be
produced with reason-
able efficiency by the

following methods :-
(a) Distortion due to over-

loading an amplifier valve.
(b) Switching effected by

rectifiers (metal or diode).
(c) Switching effected by a

non-linear (saturated) iron -
inductor.

Method (a) is not convenient if a
series of harmonics is required, but is
useful if only one particular harmonic
need be selected. The results are
somewhat unpredictable as they de-
pend on the rather inconstant overload
characteristic of the individual valve,
but descriptions of the method have
been published by Terman and
others.1, 2

Method (b) has been used consider-
ably,.but very little published informa-
tion is available on the design of
suitable circuits.

Method (c) is probably the best if
the higher harmonics (above the 7th
or 8th, say) are required, but the de-
sign of the non-linear coil becomes
exceptionally difficult at frequencies
above about 5o kc/s. It should be
noted that certain oscillatory and
quasi -oscillatory circuits, of which the
best-known is the multi -vibrator', may
also be used to generate a group of
harmonics; in such cases the funda-
mental input is used as a synchronis-
ing signal.

It is proposed in this article to deal
with methods (b) and (c).
(b) Circuits using Rectifiers

In all the circuits shown below,
metal rectifiers or diodes may be used.
Generally, diodes are preferable at
high frequencies owing to their lower
capacitances; in any case they are
rather more efficient as rectifiers,
although the necessity of providing a
filament or heater current is a
disadvantage.

The " Chopped " Wave (Using Shunt
Rectifiers)

A series of odd harmonics may be
produced by " chopping " or limiting
the input sine wave so as to produce
an approximation to a square (or
rectangular) wave. A suitable circuit
for this is shown in Fig. I. Ri is the
internal impedance of the source of
fundamental frequency and R, is the
output load. W1 and W, are recti-

G. TUCKER, B.Sc.(Eng.), A.M.I.E.E.*

* P.O. Research Station.

- Tuned circuit not
CI L, generally fitted

x

Fig. I. A circuit for generating odd har-
monics by means of rectifiers.

2

EmaX.

'ill V

Fig. 2. (a) Square wave, and (b) chopped
sine wave.
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Fig. 3. Curve giving the theoretical
analysis of a square wave.

fiers, biased back by a voltage
V, and 'Ca is a condenser for
equalising the harmonic series
produced.

The input wave of funda-
mental frequency is shown in
Fig. 2(b), and it will be seen
that the rectifiers limit the
voltage to a value V equal to
their bias voltage, because as
soon as the applied voltage ex-

ceeds V one of the rectifiers conducts,
short-circuits the applied voltage,
leaving only the battery voltage. The
voltage wave across the circuit at the
points X and Y tifen becomes trape-
zoidal, and as a first approximation
may be considered a " square " wave,
as shown in Fig. 2(a). The, analysis
of this wave may be obtained by the
Fourier expansion', which is repre-
sented by the following expression :
4V
- [sin wt +-sin 344+ - sin pa+ . . .1
7r 3 5 (I)
The coefficients of each term give the
relative voltage of each haimonic and
it will be seen that only odd harmonics
are present. The analysis is shown
graphically in Fig. 3 up to the 17th
harmonic. The voltage of each is
expressed in decibels relative to the
output of fundamental,

The series of harmonics will gener-
ally be required to have equal voltages
over a certain range. This equalisa-
tion can be effected by choosing a
suitable value for the condenser Ca.
Theoretically, perfect equalisation
should be effected in this way and all
harmonics are reduced to the voltage
of the highest one required. Actually,
as the wave at X, Y is trapezoidal and
not square, the equalisation will be
worse by an amount depending on the
proportion of the period occupied by
the slope of the wave, i.e., on the
factor n shown in Fig. 2(b). It can be
shown that the amplitude ratio of the
mth. harmonic of the squaie wave to
that of the trapezoidal wave is

7rnm
(2)

sin 7rnm
from which n may be determined for
any specified departure from the ideal
equalisation : and also, if n is fairly
small,

V
- orn (3)

E max
so that the ratio of " chopping " may
be determined.
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The forward resistance of the recti-
fiers should be low compared with R,.
Good results are obtained if the source
of supply is a pentode amplifier, which
has a high impedance. However, the
tuned circuit C,L, will help to com-
pensate for a low Ri; it must be tuned
to the fundamental.
Rectifiers Connected in Series

To produce a group of odd har-
monics the rectifiers may also be con-
nected in a series circuit as shown in
Fig. 4(a). Here the effect is not one
of " chopping " to produce a square
wave, but the opposite effect of leav-
ing only the peaks instead of remov-
ing them.' The waveform is shown
in Fig. 5. This circuit is generally
inferior to that of Fig. 1, but is some-
times more convenient. The output
can be equalised (but only very ap-
proximately) with a condenser as
before.

In Fig. 4(b) is shown an auto -bias
circuit which may replace the bat-
teries in Figs. i and 4(a). The bias
is produced by the drop in potential
in R due to the direct current pro-
duced by the rectifiers. C must be
large enough to smooth the bias
potential.
The Production of Even Harmonics
(a) The Rectifier Bridge.

When an equalised series of odd
harmonics is produced as described
above, an equalised series of even har-
monics can be obtained very simply
by means of the rectifier bridge shown
in Fig. 6. A series of odd harmonics
without any evens is still available on
the straight -through circuit, and the
series of even harmonics obtained at
the conjugate terminals of the bridge
is free of odd harmonics. This is only
true, however, so long as the bridge
is balanced. The voltage of the even.
harmonics is about one -quarter of the
voltage of the odd harMonics.
(b) The " Frequency -Doubler."

Fig. 7(a) shows the " frequency -
doubler " circuit, so-called because
the output of second harmonic is only
7.5 db. below the input of funda-

Fig. 4 (right). An alter-
native circuit for generat-

ing odd harmonics.

Fig. 5 (left). (a) Input
sine wave. (b) Output
wave of circuit of Fig. 4.

mental. However, other even har-
monics are produced with reasonable
efficiency and no odds are present in
the output provided the two rectifiers
are identical. If the rectifiers are not
identical, the odds can be balanced
out by connecting a small potentio-
meter between the rectifiers and taking
the output from the variable point, as
shown in Fig. 7(b).

If the ratio L',/R, = N' then the
ratio of the total secondary turns of
the transformer to the primary turns
is 2N.

Odds

Evens

Fig. 6. Circuit of the rectifier bridge.

Fig. 8 shows how the circuit func-
tions, and (b) shows the output wave-
form. There is a direct current com-
ponent. The output is represented by
the following expression :-
2E 4E

/
cos 267t

77" 77- I x 3

cos 4wt +.. ) (4)
3 x 5

which may be derived by combining
the equations of a sine and a square
wave.'

The analysis of this output is shown
in Fig. 9. It will be seen how the
efficiency of production of second
harmonic greatly exceeds that of all
others. It is worth noting that it is
simpler to obtain an equalised output
of the higher even harmonics by using
the " chopped " wave circuit of Fig.
followed by the rectifier bridge of
Fig. 6 than it is to equalise the output
of the frequency doubler. The over-
all efficiencies of the two methods are
of the same order.

Tuned Circuits for Selecting Single
Harmonics

It should be noted that if only a
single harmonic is required, the above
circuits can be used with R, replaced
by a parallel tuned circuit adjusted to
resonate at the required harmonic
frequency The efficiency of produc-
tion in such a case may be consider-
ably. better than when a series of
harmonics is required.

turnsfratio
_ J

/ : 2N rota/

Fig. 7 (above). (a)
" Frequency Doubler "
rectifier network for
generating even har-
monics. (b) Rectifier

balancing circuit.

Fig. 8. (left) (a) Input
sine wave. (b) Output
wave of " Frequency

doubler " circuit.
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Fig. 9. Theoretical analysis of output of
" Frequency Doubler."

(c) Electromagnetic Generation
using an Iron -Cored Inductor
A more efficient and generally

more convenient method of bar-
monic generation is that utilising
the non-linear properties of an in-
ductor with a core of magnetic
material which is operated Well into
its region of saturation.' The basic
circuit is shown in Fig. so. Rz is the
impedance of the generator of the
fundamental frequency. C,L, is a cir-
cuit tuned to the fundamental in order
to maintain the current as sinusoidal
as possible. L, is the saturated in-
ductor. C2 is a condenser used for
equalisation of the group of harmonics
generated, and R, is the load. A sim-
ple way of considering the operation
of the circuit is as follows :-Assume
that the saturation of the core of L,
occurs suddenly, so that the B -H curve
consists of straight sections only, as
shown in Fig. s(a). Then, during
that part of the cycle of fundamental
frequency in which the current is
small, the core will not be saturated,
so that the inductance (which depends
on the slope of the B -H curve) is large,
say L2max, whereas when the current
has a large value, the inductance is
very small, say L2.1., as shown in
Fig. s(b).

It will now be readily seen that
when the fundamental current is
small, the inductance L2.1.x causes
very little shunting loss across the out-
put circuit C2R2; but when the funda-
mental current is large, CzRz is prac-
tically short-circuited. In the first
period C2 is able to charge up to a
certain voltage, but in the second
period it is suddenly discharged
through the load and the short-circuit
of L2min. As the fundamental current
decreases and then builds up in the
reverse direction, C2 acquires an op-
posite charge to its first one, and then
discharges once more. The wave-
form of the current in R, (i.e., the out-

put current) is consequently as shown
in Fig. 12.

It is well known that a wave -form
of this type is very rich in harmonics.
If the value of C, is carefully chosen,
the harmonics (all odd ones, of course,
since the wave is symmetrical) can be
obtained at a constant voltage up to a
very high order of harmonic.

The Use of a Rectifier Bridge to Sepa-
rate Odd and Even Harmonics

It has been stated that only odd har-
monics are produced in the process
described above. It is a great advant-
age in most practical cases to have
only alternate harmonics in one
group, because if the harmonics are
required to be filtered out separately,
then the filtration problem is con -
considerably simplified. But even har-
monics may be required as well as
odds; they are readily obtained by
connecting a rectifier bridge in the
output circuit, so that while odd
harmonics are still obtained on
the direct output, a full series of
even harnpnics is obtained on the
conjugate terminals of the -bridge.
A somewhat reduced voltage is
obtained for the even harmonics,
because of the loss in the bridge recti-
fier network. A ratio of 4 between
voltage of odds and voltage of evens
is a normal value.

1 Time

Current

Flux Density = B
A

0
V

,-
Current

(oCH)

Inductance of L2 A

- L2 Max.

L2 Min

® Current

Fig. I I. Change of inductance of L, with
current.

The Effect of Direct Current in the
Coil
It was pointed out that the output

wave shape was symmetrical, and that
only odd harmonics were present in it.
It will be clear, then that to obtain
even harmonics along with the odd,
all that is necessary is to make the
wave asymmetrical. This is achieved
by connecting a direct current biasing
circuit so that direct current flows

through L, all the time. The presence
of the direct current will cause satura-
tion to occur earlier on one half -cycle
and later on the other, according to
whether the direct current aids or op-
poses the instantaneous A.G. By ad-
justing this direct current to a suit-
able value, a series of all harmonics
can be obtained with nearly constant
voltage. As pointed out earlier, how-
ever, it is generally more convenient
to have odds and evens separately.
Practical Design
(a) Choice of Component Values.

1. The saturated coil is obviously
the most important component to be
determined. The following factors
must first be known :-

(s) Fundamental frequency.
(2) Impedance (which should be re-

sistive) of load R,.
(3) The maximum input voltage of

the fundamental frequency available.
For ordinary low frequencies the

most suitable material for the core is
mu -metal, and a typical B -H curve is
shown in Fig. 13. It will be seen that
this departs greatly from the ideal
simplified characteristic shown in Fig.

1. However, the knee of the curve,
where H = 0.5 may be considered
equivalent to the point at which the
inductance changed in Fig. H. This
condition should be reached well
inside the current range during the
half -cycle.
Now let N = number of turns on coil.

a = cross-section of core in
sq. cms.

1 = length of magnetic path
in cms.

Let p. = incremental permeability of
core at knee of B -H curve.

= dB/dH = slope of B.H
curve, at knee.

Let H. = value of H at knee.
Let E = applied r.m.s. voltage at

angular frequency w.
Then it can be shown that, approxi-

mately,*

and

E x ioe
Na -

sont.H.
N 12.5 H.R.

1

Fig. 10. The basic circuit of a Harmonic
Generator using saturated iron -cored

inductor.
* For explanation and full working, see Appendix.
These formulae are very empirical and somewhat
better values can often be obtained by experiment.
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From these  two relations connect-
ing N, a and 1, values can be chosen
in accordance with the range of core
materials available. With mu -metal,

= about 3,000 and H. = 0.5. It
should be pointed out that at high fre-
quencies, say above 5o kc/s, the size
of the core becomes extremely small,
and therefore difficult to construct.

z. The tuned circuit, C,L,, must re-
sonate at ,the applied frequency, and
must have a reasonable selectivity, but
is not critical.

CN1

CCC

Condenser
discharging

/Cycle of'
Fundamental

Time

Fig. 12. Output Current.
3. The condenser C, must be chosen

to give the desired equalisation of har-
monics it is best determined experi-
mentally. However, the order of mag-
nitude is given by the following
empirical equation

30,000
C2 - µF ... (2)

coR2
Since it will not always be possible

to. analyse the output wave conveni-
ently it may be necessary to judge the
adjustment of C. by inspection of the
output wave form on an oscillograph.
The waveforms and analyses given in
the example below should be of assist-
ance in this.
(b) Driving Amplifier.

If some values are tried in equation
(i) it will quickly be seen that, to get
reasonable dimensions of the core, the
value of E must be fairly large. The
input voltage will generally be ob-
tained from a valve amplifier, so that
the question of input power is one of
considerable importance. It is worth
noting that the most economical ar-
rangement, if more power is required
than can be obtained from a small
triode or h.f. pentode, is a push-pull
circuit. The reason for this is that
even harmonics can then be balanced
out, and odd harmonics do not matter
in any case, since the output will only
be used to generate more odd har-
monics in the harmonic generator.
Even harmonics should not be allowed
to enter the generator circuit in cases
where separate odd and even groups
are to be generated. Where a d.c.
bias is used to generate all harmonics
in one group, however, the presence
of evens in the input is evidently of
little importance. For the same rea-
sons the amplifier output transformer

may be somewhat more heavily loaded
than is usual, provided the resultant
direct current field is small.
Example. Harmonic Generator for 50
c/s Fundamental.

A harmonic generator was designed
and built, to work with a 5o c/s funda-
mental, on the lines indicated above.
The r.m.s. voltage available was
taken as zo. The core material was
mu -metal, so that p. = 3,000 and H.=
o.5. The angular frequency to x
5o rads/sec.

So from equation (1) we obtain
Na = coo approx.

N1 R,
and -= - approx.

l 12

A convenient laminated core had
1 = 12 crns. approx. and R. was
chosen as r,000 ohms.

This gives N = 1,000
and a = r sq. cm.

These somewhat " round numbers "
are quite accurate enough. The coil
actually made had r,000 turns of 34
S.W.G. on a s in. by in. cross-
section core made up of 5 mil. mu -
metals stampings type' No. 39T
(Telcon).

The tuned circuit 1-2C2 had L, =
henry and C, about to AF, adjusted to
resonate at so c/s. From equation (2),
C2 = 0.1 la" very approximately.

In order to obtain easily a long
series of measurements, the generator
was driven in the first instance from
a mains transformer with a 1,000 ohm
resistor in series to simulate the im-
pedance of an amplifier output. In
Fig. 14 (a to f) are shown photographs
of the output obtained from the har-
monic generator (across the load R,)
as shown on a cathode ray oscillo-
graph. The waveforms a to d were
obtained with the circuit exactly as
described above, with 4o volts across
the terminals of the mains trans-
former, thus giving about zo volts on
the input of the generator. The con-
denser C, was set at a number of dif
ferent values between .o.ot and r /IF,
and the output wave analysed in each
case. The best result was obtained
with C2 = 0.I AF,the waveform being
shown in Fig. 14b. The waveforms
of a, c and d show the general trend
as Ca is altered from this value. The
analyses of the first three of these
waves up to the 21st harmonic are
shown in Fig. 15. It will be seen that
the advantage of o.i over 0.05 /IF is
chiefly that it gives practically double
the output voltage. At much higher
harmonics, 0.05 AF is better. Actually
the best equalisation is obtained with

= 0.07 AF, but the choice of con-
denser value will naturally depend on
the circumstances of use of the genera-
tor and on what range of harmonics is
required.

To illustrate the importance of the
tuned circuit L,C,, an oscillogram of
the output obtained when it is omitted
is given in Fig 14e. It will be seen
that the output of higher harmonics
falls off badly compared with the cor-
responding case with the tuned cir-
cuit (i.e., Fig. 14a and Fig. 15).

To show the effect of inadequate
applied' voltage, Fig. 14f gives an
oscillogram of the output waveform
obtained with the same circuit as, but
only one -quarter the voltage of Fig.
14b; the analysis of this is shown in
Fig. 17, and it will be noted that the
equalisation of the harmonics is
extremely poor.

It will be noticed that in a number
of the oscillograms there is evidence
of a tendency for the discharge of the
condenser through the coil and the
load to be oscillatory, lasting for a
cycle or two before being damped out.
This is because the coil has still some
inductance left (L2mi.), and the dis-
charge will .only be non -oscillatory if
the total effective resistance under
these conditions exceeds 4L2.2,./C2.
It is not desirable to have the resist-
ance of L. high, however, since this

0

5

4

O OS 1.3
H in Oersteds

2

Fig. 13. A B -H curve for mu -metal.

would adversely affect the generation
of the harmonic series through mak-
ing the switching effect of the coil less
marked. It is best to aim at keeping
L2mi,2 as low as possible. However,
the oscillatory discharge does not mat-
ter seriously provided its frequency is
higher than that of the highest har-
monic required; its frequency is
actually a harmonic frequency of the
applied fundamental. Regarding the
amplifier for use when the harmonics
are to be generated from say, an oscil-
lator output, in the case being des-
cribed, an H.T. voltage of only 130
volts was available. To get a voltage
of zo volts of 5o c/s to drive the har-
monic generator, two PX25's in push-
pull were used with 15 volts grid bias.
The circuit diagram of the whole
equipment, i.e., amplifier and har-
monic generator, is shown in Fig. 18.
If it is preferred to use pentodes in
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(a) 4o v. transformer out-
put with L,C,, R, =
i,000 ohms, C, = 0.05
µF.

(b) as above, but with
C, = o.t µF.

(c) as above, but with C,==
0.4 µF.

(d) as before but with C,=
t.o µF.

(e) without LiCi, R,=
t,000 ohms, C2 = 0.05
µF. Volts as before.

(f) with L,C,, R, i,000
ohms, and C, 0.1 µF.
Voltage to to v. only.

Fig. 14. Oscillograms showing the output obtained from the Harmonic Generator.

Fig. 14 (g) and (h). Oscillograms of the output of the final circuit of
Fig. 17, (g) showing odd harmonics and (h) even harmonics.
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order to obtain more  gain in the
amplifier, then Pen A4's are suitable,
but an interesting point arises owing
to the high impedance of pentodes. It
has been stated that the tuned circuit
L,C, is intended to keep the input cur-
rent as sinusoidal as possible; it will
be clear that if a high -output -imped-
ance pentode amplifier is used, then
the current will tend to keep fairly
sinusoidal in any case, since the
changes in load impedance during the
cycle will be small compared with the
generator impedance of the amplifier.
The tuned circuit therefore has a
much smaller effect on the equalisa-
tion and can be omitted if only a limi-
ted range of harmonics is required.
Fig. 19 shows the effect of the tuned
circuit in these circumstances. The
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Fig. IS. Analysis of wave -forms of Fig. 14

a-c.
best equalisation of all is obtained
when a i,000 ohm resistance is con-
nected in place of the tuned circuit, as
will also be seen from Fig. 19.

The output wave -form from the
complete circuit using pentodes is
shown in Fig. 14.g (odd harmonics)
and Fig. 14/t (even harmonics). The
oscillatory discharge of the condenser
C, will be noted in this example par-
ticularly; it is quite a normal condi-
tion, as explained earlier.

APPENDIX
Derivation of an Empirical Method of
Design of the Saturated Inductor for

the Harmonic Generator
A B -H curve for ttie magnetic core

material is required; than for mu -
metal has been shown in Fig. 13. Al-
though the theory assumes a sudden
change of permeability, in practice the
change is gradual as the magnetising
force (H) is increased. However, the
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Fig. 16. Analysis of wave -form of Fig. 14 e.

I rput

To H.T.
wa Decoupling if

necessary.

Odds

Evens

Fig. 18. Complete Amplifier and

curve has some sort of knee; in the
case of mu -metal this occurs where
H = about o.5.
Let H. = value of H at knee.

A. = incremental permeability
at knee = dB/dH.

I. sin ot=input current, r.m.s.
value = I.

N = number of turns on coil.
a = area of cross-section of

core in sq. cms.
1 = length of magnetic path in

C1T15.

L. = incremental inductance of
coil at instant when H=H.
47 N' a A.

Then L. - x io-8 henries.
10

Assume that the knee of the .13-H
curve should be reached when the
instantaneous current in the coil,
i = //5.

4'7T'Ni47Then H. = - . -=
10 1 10
N 12.5 H.

So that -
1 art

Now also assume that coL = R,
47 Ns a 112

i.e., to x b0-8 = R,
10

R2 x fog R2I x
i.e., Na=

co(4.17.11o)(u.N 11) 5(44H.
It is generally more convenient to

work in terms of the output voltage of
the amplifier (or other circuit) generat-
ing the fundamental measured across
its design load impedance, this volt-
age being a factor more normally con -

NI
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I
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Fig. 17. Analysis of wave -form of Fig. 14 f.

Harmonic Generator.

sidered in design than current. It has
-been found in practice that the
effective voltage measured across the
input to the harmonic generator
very nearly the same as that
measured across a resistance equal to
R, connected at the same point. Let
this voltage be E, then 1 = E/R,

E x log
and we get Na -

5(µ.H4
N 12.5 H.R2

and
1 1TE

Thus Na is first determined, and then
N IL Knowing these, suitable values
of N, a and i can be chosen in regard
to the range of cores available.

For mu -metal, on which the above
working is based, H. = 0.5 and A. =
3,000 approx.

16

I2
in
n 8

with L,C,

"-.......with /000 CI
4 without L,C,

1 1

1 3 5 7 9 II 13 15 17
HARMONIC NUMBER

Fig. 19. Analysis of wave -form of Fig. 14 g.
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The Mechanical Design of German Army
Wireless Components

By D. GIFFORD HULL, Lt., Royal Corps of Signals
A description of some of the more unusual designs found in German Army wireless equipment

captured during operations in the Middle East
GERMAN Army wireless equip-

ment is comparatively straight-
forward in electrical design, al-

though sometimes unusual circuits are
employed. The mechanical design of
some of the components, however, is
in some cases unique, and the reason
for departure from the more standard
designs is not always obvious. Some-
times an unusual design is adopted for
the sake of achieving improved elec-
trical performance, sometimes for
greater mechanical strength, and
sometimes for simplicity of operation;
but a design is never adopted with a
view to ease of assembly or accessibil-
ity, ease of manufacture, low cost or
economy of material.
Chassis Castings

One of the most striking points
about German field wireless equip-
ment is the extensive use of
aluminium alloy (Elektron) die -
castings. For example, the chassis
and front panel are, almost without
exception, made of a liberal die cast- .
ing, machined here and there to take
a component, or a bracket. In some
receivers the chassis consists of an
intricate die-cast framework, bolted to
the panel casting. On to this frame-
work the various stages are bolted,
each stage itself being built around a
die-cast chassis. The latter may take
the form of a small framework, or a
cast box into which the components
are fixed. Where stages are built into
boxes, the entire box has to be re-
moved if a fault occurs, since it is
almost impossible to gain access to the
components inside the box. With this
design it is usually necessary to un-
solder the connexions to the box as
seldom is a disconnecting strip used to
facilitate dismantling. In some of
these small sub -assemblies, the cast-
ings are so intricate that even bosses
are provided, upon which the com-
ponents are mounted. Recesses may
be provided to make room for certain
components, and strengthening ribs
are commonplace in these sub -assem-
blies. Sometimes the wiring is bunched
and tied to form a " snake," and in
one receiver a grooved recess is pro-
vided in the casting, subsequently
lined with copper foil; in this groove
the snake is both protected and
shielded. With some receivers, the
system of unit construction is more
thoroughly carried out. The R.F.,
I.F., and L.F. circuits are each built

on their own sub -assemblies, which
are provided with male and female
strips for interconnexion. With this
design locating pins are employed, to
ensure that the sub -assemblies fix
squarely together.

Even in " pack " sets, these die
castings are used in preference to
pressed sheet, which is more usual for
the construction of equipment to be
carried by a man. Thus it may be
seen that no trouble has been spared
in the design and manufacture of the
chassis units, and the same intricate
designs are found in the control gear-
ing systems, and the pre-set and re -set
tuning mechanisms.
Fixed Condensers

The components themselves, some
of which are quite straightforward,
are particularly interesting although
inherently German in their design.
For example, silvered ceramic trim-
ming condensers are nearly always
used instead of the mica compression
type, even at low frequencies. This
type of component was introduced by
the Germans several years ago, but is
now made by most manufacturers of
ceramics, both in this country and in
America. Most readers are familiar
with the disk -shaped low -capacity sil-
vered ceramic condensers, and with
the higher capacity tubular models.
Such condensers are more or less stan-
dard for German army receivers. The
moulded bakelite mica insulation type
is used in transmitters, and very com-
pact wax -paper Mansbridge types are
also used. Resistor and condenser
mounting strips are sometimes made.
of laminated bakelite, but phenol-
lamin materials are not commonly
used. Instead, soldering tag strips are
made of ceramic, each strip having
about six tags. Such tag strips are
found in medium -wave receivers, as
well as in short-wave apparatus.
Ganged Tuning Condensers

Tuning condensers are mostly con-
structed with aluminium alloy die
castings. The rotor plates are usually
die cast, then machined, and often
mounted on a ceramic spindle. The
stator plates are similarly made, and
clamped on to two ceramic rods. The
main frame consists of a'die-cast box,
the stator plates being fixed by clamps
securing the ceramic rods to the box.
The ceramic spindle carrying the rotor
plates is mounted on two ball races,
which are bolted on to the ends of the

box. Inter -section shields are often
integrally cast with the box, with
strengthening ribs in suitable places.
A lid screws on to the top, totally en-
closing the condenser. Some receivers
have individually designed tuning
condensers, but most types follow the
design described above.

In one receiver, a four gang U.H.F.
condenser was constructed in .the fol-
lowing way : The main frame, the
stator plates (of which there is one per
section), and the inter -section shield-
ing, were all made from a solid block
of alloy. In this way all the stator
plates were at earth potential. A mill-
ing cutter was used to make semi-
circular slots in the block, the single
rotor plate being accommodated in the
slot, giving the effect of one rotor
plate and two stator plates. The rotor
plates are die cast, each being
mounted separately on the ceramic
,spindle, and phosphor -bronze wire
wipers used to make contact to each
rotor section. This construction cer-
tainly makes for rigidity for U.H.F.
work, but a large quantity of material
is used, and the production operations
are intricate. The measurements of
the four gang unit, as shown in Fig.

are 5 in. by 2 in. by it in.
Another unusual design of tuning

condenser is found in a German
U.H.F. transmitter. Three gangs are
employed, and a I in. ceramic spindle;
i8 in. long, carries the sections. The
M.O. section is located at one end of
the spindle, the P.A. section at the
other end, and the doubler section in
the centre, the drive being applied by
means of bevel gears. Each section
of stator plates consist of a semi -circu-
lar alloy block, with grooves milled
out to accommodate .the rotor plates.
The rotor plates are also die cast and
machined, and are clamped on to the
spindle. The most interesting feature
of the design is that stator sections are
in no way mounted on the chassis of
the set, but in addition are mounted
on the spindle. They are, however,
prevented from rotating with the
spindle by retaining arms, one end of
each arm being fixed to the stator sec-
tion, the other end to the chassis of
the set. The purpose of this design is
to ensure constant juxtaposition of
rotor and stator plates, should the
long ceramic spindle become warped.
In such an event, the stator section
rides solid with the rotor, being quite
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free to twist with respect to the
chassis. The retaining arm is con-
structed to have the action of a uni-
versal joint, since it only prevents the
stator section from rotating, leaving it
free to twist if necessary. Alongside
each rotor plate, there is one plate that
is mounted on the rotor, and this
plate is used as a trimmer. It meshes
with the stator, and to adjust the trim-
mer, a set screw is loosened, and the
plate rotated by means of its serrated
edge.

Another feature of the construction
is the method of ensuring correct
tracking at all frequencies. The
master oscillator section has two rotor
plates and three stators.' Both the
doubler and amplifier section each
have one rotor and two stators, as well
as the trimming plate mentioned
above. The rotor plate is not dis-
posed centrally between the stator
plates, but is set-off to one side, and
divided by slots into several portions.
The plate, as can be seen in Fig. 2, is

D

Fig. I. German u.h.f. Condenser.

then bent in portions to left or right as
required, to ensure correct tracking.

In an older set, an aerial trimming
condenser was made of two disks of
ceramic 4 in. diameter, one being fixed
and the other free to rotate. Each
plate had half its surface silvered, the
gap between the two surfaces being
small. Thus, as one disk was rotated,
the capacity was varied.
Moving Coil Trimming Condenser

One of the most interesting devices
is the remote tuning mechanism used
in a Transreceiver operating on the
224 Mc/s band. The volume control
and the fine tuning control are both
variable resistors mounted on a small
panel that plugs into the Trans -
receiver. For remote tuning, the con-
trol panel is removed and a plug,
with wire attached, fixed in its place.
The control panel is connected to the
other end of the wire, and thus the
operator may carry the control panel
in his hand or wear it on his belt.

Inside the Transreceiver there is a

small moving coil mechanism, and
instead of a pointer, two minute rotor
plates are fixed to the spindle. The
cover is of ceramic, and on its inner
surface there are two silvered areas,
constituting the fixed plates. The
capacity of the condenser, therefore,
depends on the current flowing in the
coil, and this current is controlled by
the tuning resistance. The L.T. bat-
tery supplies the current, and a minute
baretter lamp is used to assist in
stabilising the circuit. The dimen-
sions of the moving coil condenser are

in. diameter by 2 in. long.
Coils

Certain details of coil construction
are interesting; the use of metal de-
posit for the manufacture of U.H.F.
coils is an example. A ceramic former
-I in. diameter, has a spiral groove on
its surface, and silver is deposited
into this groove to form a winding, the
turns of which have considerable
width, but infinitesimal thickness. The
deposit appears to have been put on
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Fig. 2. A German 3 -gang Transmitting Condenser of unusual design.

by electrolysis rather than by spray-
ing, but the process is not new. The
advantages of this method of construc-
tion are, a high order of electrical
stability, and low capacity, between
turns, whilst providing a large surface
for U.H.F . current.

The Germans have used iron -dust
cores extensively in the production of
coils, and many different types of dust -
core coils are used in army receivers.
It appears that little effort has been
made to standardise the design of
coils used for the same purposes in
different models.

One type of coil construction, used
in one set for the R.F. coils-and in
another for the I.F. coils, is as
follows : The turns are wound on a
small three section bobbin, made of a
plastic material. The bobbin fits over
a cylindrical dust core, as can be seen
in Fig. 3 moulded integrally with a
disk shaped end piece, A threaded

screw inside the core provides adjust-
ment of the inductance. An iron dust
shrouding, in the form of a hollow
cylinder, closed at one end, totally en-
closes the winding in iron dust. On
top of this fits a moulded bakelite
cover. In one receiver, a cast
aluminium cover is provided for each
coil. The characteristics of coils of
this nature are good.

A German transmitter employs
variometers for tuning the oscillator
and amplifier circuits, but the vario-
meters are wound in such a manner
that they obey a straight-line fre-
quency law. The variometer is wound
in the following manner : two paxolin
cylindrical formers are used, co -
axially mounted, the inner one revolv-
ing about the common axis. Each coil
is wound on a semi -cylindrical sur-
face, i.e., not around the whole cir-
cumference of the former. The wind-
ings are tapered in shape, and are

stitched on to the formers. This
method of winding does not provide
such a large frequency variation as
the conventional method, but it does
enable the dial to be linearly cali-
brated.
Valve Holders

Generally the receiving valves are
of the " Knob " type, similar to those'
used in German Luftwaffe sets.* These
valves employ a cylindrical holder,
largely made of perforated aluminium
sheet, with an insulator at the bottom
carrying the grid connector. A
bakelite ring at the top carries the
radially disposed contacts for the
other elements. The valve is inserted
into its holder upside down, and a
knob is attached to the base for hand-
ling purposes.

The advantages of this type of con-
struction are that the valve is inserted
and removed by handling the knob
attached to the base so eliminating
possibility of loosening the envelope
from the base; and that rigid support
is offered to the valve. The disan-
vantages, however, are that the grid
connexion is very inaccessible, and '
also the general accessibility of the set
is in no way improved when the valve
is withdrawn.
Calibration Check Device

Another interesting device found in
a certain German field transmitter,
and also in an Italian transmitter, is
the sealed crystal frequency indicator.
This device consists of a tiny crystal
bar, held in the prongs of a pair of
tweezers, which is mounted in a glass
envelope in the same way as a valve.
An ordinary four -pin base is used for
connexion, The envelope contains a
gas, and when the crystal is fed with
A.C. voltage at its resonant frequency,
it glows a pink colour. The German
transmitter is self excited, and the
crystal connected across the tank cir-
cuit of the P.A. A mark on the tuning
dial corresponds to the frequency of
the crystal, and when the tuning con-
trol is set to this mark, the crystal
glows, and is visible through a hole in
the panel. If the set is off calibration,
the crystal will glow at a different
dial reading, and this denotes that the
transmitter requires re -trimming.
Thus it is noted that the crystal is used
solely as a check on the transmitter
calibration, and not to control the fre-
quency. In one case, three such crys-
tals are mounted in one envelope, and
are connected in turn, so that three
check points are provided.
German Design Policy

The points discussed previously are
confined to the more widely used
German field sets manufactured prior
to 1940. It is noted that the mechanical
design of the associated components is

* See Electronic Engineering, June 1942.

PDF compression, OCR, web optimization using a watermarked evaluation copy of CVISION PDFCompressor



November, 1942 Electronic Engineering 241

Iron Dust
Shroud

74

Iron Dust Core

1

-74 I I

Moulded Bobbin
(3 Section)

Moulded Insulated Base

7 "

Windings

Axing Screw
8c

Spring

v2744Agore..."

Soldering
Tags

Iron Dust
Screw

Fig. 3. A coil totally enclosed in Iron Dust Material.

based on long life and trouble -fret
operation, little effort being made to
simplify production methods. In view
of the vast requirements of the
German army, one might ask if it were
a better policy to adopt a slightly less
thorough design, and manufacture a
considerably greater number of sets
from.a given quantity of material and
in a given time, and it might be
argued that in modern warfare much
radio equipment is destroyed - or falls
into enemy hands long before its use-
ful life is completed.

To give an example, the average
life of some of the planes destroyed in
the Battle of Britain amounted to only
a few months; yet the associated radio
equipment was built to last for many
years. This is hardly economical. Yet,
in contrast to this view, it is evident
that the result of a battle may depend
on the reliability of communication
equipment during the action, and it is
with this point in mind that the
German technicians have designed
their equipment. However, it does ap-
pear that the weakness in the general
designs, particularly of U.H.F. sets,
lies in the extremely poor accessibility
offered to the components for adjust-
ment or replacement, and in un-
economical production methods.

As regards the apparatus made
since 1940, it is observed that in one
receiver, pressed aluminium sheet is
used instead of castings for chassis
and sub -assemblies. Further, the
work is poorly carried out, and as a
result the set is by no means rigidly
constructed.
Scarcity of Materials

It is interesting to note how the war
has at least stimulated research in the

use of materials, in this country and
America, as well as in Germany. Ex-
periments have been carried out with
a view to employing cardboard coil
cans sprayed with metal to replace
aluminium coil cans. Laminated
plastics and ceramics are used for
certain constructional work instead of
metal.

Much of the equipment used by the
Germans in recent operations indi-
cates that they have adopted a policy
of frozen designs, and having built
extensive plants to produce the equip-
ment, they cannot easily change their
designs. But as the war progresses,
these frozen designs will be discarded
for new ones, more adapted to the
growing shortage of labour and cer-
tain materials. This will entail the
considerable trouble of laying out new
plants.

To date, no obvious use of ersatz
material has been noticed, and it is
unlikely that the designs of fixed con-
densers will change as a result of the
war. Germany is rich in ceramics foi
the smaller type, and for paper con-
densers she has access to the moisture -
proofing waxes of Austria and Czechg-
Slovakia. However, the Germans have
for some time practised economy
methods in the production of some of
their domestic receivers as part of
their policy of guns rather than butter.
It now remains to be seen whether
such economies, particularly in the
direction of aluminium, will be
adopted by the designers of army ap
paratus. Indeed the change from die
castings to pressed sheet for chassis
construction, as mentioned above, may
be a sign of the times.

Instability and I.F.
Alignment

RECEIVERS with two or more
intermediate frequency amplifiers
of the usual band-pass coupled

type can often be difficult to align.
The adjustment of such circuits is
much more involved than two or more
single circuit H.F. stages of tuned
radio frequency (T. R. F .) or
" straight " type or receiver. The
reason for this is that in the latter case
incipient instability (see Fig.) de-
finitely denotes excessive gain for the
given conditions in a receiver. It can
be corrected either by lowering the
gain of the H.F. valves, such as by
reducing the screen voltage or increas-
ing the grid bias, or by additional de -
coupling and better H.F. screening.

In the case of a superhet such incipient
instability with band-pass stages may
also be due to incorrect alignment of
the I.F. circuits. As the resultant in-
crease in normal gain is the product of
the increased gain obtained by mis-
alignment with each coil, the risk of
instability is obvious and in cases of
receivers in which the normal gain
already approaches the maximum per-
missible instability is inevitable.

When the circuits have been cor-
rectly aligned, riot only will the cir-
cuits be set at their most selective
conditions, but it will be found that
the receiver regains its stability. In
such cases, and more particularly
when the gain appears to be close to
the maximum permissible (this, in-
cidentally, is not a desirable condition
and is best avoided), it may be feasible
to align the circuits individually by
the H.F. method except for the last
I.F. stage, and then revert to the
normal " Rectified Response " method
with a final trimming of the various
circuits.

This note appears in the new Cossor
booklet on the use of the frequency
modulated ganging oscillator (Model
343), Copies of the booklet can be ob-
tained by radio engineers on applica-
tion to Messrs. A. C. Cossor (price
3s. 6d. net).
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The True Meaning of Planned Science
By J. D. BERNAL, F.R.S.*

In the September issue of this Journal we invited Dr. J. R. Baker to state his views on the planning
of scientific research, which are opposed to those of the Association of Scientific Workers. In the
article below, Prof. Bernal, Vice -President of the Association, replies to Dr. Baker. A letter on the

subject appears on page 260

IN his article on The Scientist and
the Community in a recent issue of
this journal Dr. J. R. Baker paints

a horrifying picture of what he calls
" planned science."

It seems that he and the Society of
Freedom in Science are doing their
best to frighten other scientists by
bogies which they themselves have
conjured up.

This would not matter over -much
if we were dealing with a scientific-
ally -minded population, but there is a
danger that all those people who, out
of ignorance or otherwise, dislike
science should use the thesis of free-
dom in science to prevent its develop-
ment during the war and afterwards.

The idea of science being carried out
by a lot of poor individual scientists,
all assigned by a leader to definite
tasks of a strictly applied nature and
ordered to make discoveries to a time
table has never been the objective of
any planner of science for the reason
that it simply would not work.

Planning of science 'as advocated
and as it has begun to be practised in
this country in the war means some-
thing quite different. It means the full
interchange of existing knowledge be-
tween different branches of science, a
comprehensive investigation into the
general problems that have to be
solved and an agreement among all
scientists grouped in their appropriate
faculties as to how best these general
problems can be tackled. In certain
fields, planning in science is very old.
In astronomy and meteorology, for in-
stance, it is quite impossible to gain
certain kinds of knowledge without a
plan defining the work to be done in
different observatories; but the author
has yet to meet an astronomer who
considers this a denial of his liberty
of inquiry. There is no reason why it
should be any niore irksome over the
whole field. The need for planning in
modern science is essentially due to
the growth of science itself; not only
in the elaboration and costliness of
apparatus, but in the fact that science
has become much more interconnected
and that a man working on his own
may easily miss points of vital interest
to himself because his work is not co-
ordinated with others. Dr. Baker
himself in his book gives an excellent
example of this-: he points out thaf in
1935 Trefouel discovered that sul-
phanilamide was an even more

 Professor of Physics, University of London.

effective bactericide than the azo-dyc
prontosil which Domagk had dis-
covered by accident a year before. He
then goes on to point out (page 72)
" The French workers did not have to
discover how to make sulphanilamide :
there was the method, ready and wait-
ing for them. Sulphanilamide was
discovered in Vienna by a man who
was making a general study of the sul-
phonamides of sulphanilic acid. That
man was Gelmo, and the year 1908.
. . . Neither Gelmo nor anyone else
had the faintest idea that sulphanila-
mide would become one of the world's
greatest life-savers. Twenty-seven
years had. to pass before it was dis-
covered that it was a chemotherapeutic
agent of the foremost rank. Taylor
calculates that if its properties had
been known, it could have saved
750,000 lives in the last war alone,
from its effects on the streptococcus of
septic wounds and blood -poisoning."

One would have thought that this in-
dicated the lack of co-ordination be-
tween chemical and pharmacological
studies, but Dr. Baker takes a more
charitable view, " It was just because
chemists did not short-sightedly con-
fine their attention to substances

 thought likely to be useful in a
material way, that sulphanilamide was
lying ready for instant trial directly
someone had reason to believe it might
serve humanity in a practical way."

The Society for Freedom in Science
is very concerned with the dangers of
directing science to satisfying man's
material needs. It is pointed out that
the great discoverers very often had
no desire to serve any material end
and that when they did, it was prob-
ably by mistake. This is by no means
the case even for the examples which
are cited in the book referred to.
Pasteur for instance, as his whole life
shows, was inspired throughout by the
ideal of helping humanity in
material way. This, however, is not
the point. Whatever the factors affect-
ing the individuals, the field studied
and the intensity of the effort in that
field are what determine, by and
large, the direction and the rate of
progress of science.

All the great developments of
science from the Renaissance onwards
has occurred because of its real or sup-
posed usefulness --not in detail, but in
general. The conditions of society
which encourage scientists and give
them enough to live on to carry out

their experiments, do not make people
scientists, but they do let people of
ability, who might otherwise have
been distinguished churchmen or
lawyers, devote themselves to scien-
tific pursuits. The real .liberty of
science must include the provision of
the means of carrying out research,
and this, in the modern world, re-
quires planning. Now the ends that
science, in fact, served over most of
the period, were the ends of the en-
richment of certain individuals; all
that the planners want to do is to see
that science serves humanity as a
whole, and serves it more effectively
than ever before. This does not mean
now, any more than it meant then,
that the only thing scientists did was
to try and solve immediate problems;
that would have been technology and
not science, and even technology can-
not exist without the basic knowledge
that only research removed from day
to day needs can give.

Three hundred years ago Francis
Bacon, who might be called the father
of planned science, pointed out that in
the invention of the 'cannon and the
compass, ad hoc experiments to deter-
mine how to shoot missiles for great
distances or how to find the north on a
cloudy night, would have led no-
where. Only out of the pursuit of
general and comprehensive knowledge
can the materials be found to solve the
immediate problems. All planners,
moreover, have insisted on the need,
not only for some fundamental scien-
tific research, but for far more in pro-
portion to applied research than we
have now. But they want funda-
mental work brought more rapidly
into contact with its applications and,
conversely, that the problems con-
tinually being raised in tackling im-
mediate technical difficulties should be
brought to the notice of the more
fundamental workers as a fruitful
source of new ideas.

Just because science has grown up
in a haphazard way, dictated by a
series of particular needs, and was in
the past because of its small size often
affected by chance events, there is. no
reason to believe that its present struc-
ture is ideal, any more than the struc-
ture of unplanned competitive
economy was, as the nineteenth cen-
tury economists maintained, better
than anything man could have de-
vised. The balance of science, both on
account of its internal structure and its
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use to humanity, requires to be re-
viewed. It is already apparent that it
leans too heavily on the chemico-
physical side; 'that we need far more
biology and social studies. Now plan-
ning science in this way can do
nothing but increase its effective free-
dom; nor is any attack intended on
the individual scientists. Planners
realise that scientific work is quite dif-
ferent from normal routine work; that
scientists cannot be effectively ordered
about, not because this is particularly
wicked,' -but because the essence of
their work is thinking as they like.,
Most scientists, being sensible people,
have no objection to discussing and
planning their work together. Many
who thought .they had this objection
have found in the course of the war
how much more stimulating and en-
joyable planned work can be. The
fact that all the scientists quoted in
Dr. Baker's book were marked in-
dividualists, really means nothing
more than that they were men of their
century; but rugged individualism in
science is now becoming as out of date
as it is in industry.

There is, moreover, no need' to ex-
clude even the most un-cooperative
scientists from a planned scientific
scheme If the author may be per-

mitted to quote from his own book,*
" In ideal circumstances it woula
probably be best to leave it to indivi-
dual initiative, that' is, to allow the
same freedom to the scientist of stak-
ing his claim as still belongs to the
prospector. Anyone who has a clear
enough idea of a programme of work
involving the setting up of a labora-
tory, and who can find suitable and
willing assistants, should be allowed
and encouraged to set up that labora-
tory. The relation of that laboratory
to others would be a matter for ad-
ministrative and scientific co-ordina-
tion, but in every case the organisa-
tion should exist to help the spontane-
ous growth of science and not to dis-
tort it into a fixed pattern.. It might
he in certain circumstances, however,
necessary for the initiative to be taken
from above if it appeared that any
section of scientific work had been
neglected through inadvertence or de-
velopment of other fields. There
should be positive encouragement for
the setting up of such research, and
in that case the men might be found
for the job." " Places would have to
be found for those scientists who com-
bine with genuine ability in science a
complete lack of social competence,
who are quarrelsome, unsocial, or .

The Social Functions of Science, p. 277-278.

helpless. For them the organisation
of science should offer a kind of right
of asylum; they should be allowed
either to work for themselves, to
choose where they would prefer to
work, or to wander indefinitely from
laboratory to laboratory." As far as
I know, no other planner of science
.has repudiated these statements or re-
fused the guarantee of initiative and
liberty which they contain. Real free-
dom of science is perfectly compatible
with planning,

All this argument would seem very
academic if it did not have an im-
mediate and urgent implication. Dr.
Baker has recognised the need for
planning of science in warfare; but
those who attack planning in peace
time while accepting it in war, are in
exactly the same position as the busi-
ness men and politicians who wish,
the moment that the Armistice is
signed, to return to the unrestricted
commercialism that ruined the chance
of real peace after the last war. The
scientists who are working for this end
individually and through bodies such
as the Association of Scientific
Workers have a hard enough task in
seeing 'that this gets done in time.
Those who at the present time are
raising  parrot cries for freedom of
science and anti -planning are doing
little service to science or civilisation.

The Determination of an Unknown Frequency from a Photographic Record
By M. SCOTT*

AN oscillator of known constant
frequency is connected to the grid
of a cathode-ray tube and the un-

known frequency is applied to one pair
of deflector plates in the usual . way.
The output of the known oscillator
should preferably be of rectangular -
waveform as this gives a sharper
delineation on the final record.

During the negative half -cycles of
the pulses applied to the grid the beam
is blacked out, but during the positive
half -cycles the unknown frequency
will be recorded on the paper as shown
in the illustration. This was taken

Cinema -Television, Ltd.

with a r,000 c/s. oscillation applied to
the grid of the tube.

An examination of the trace shows
that there are less than four complete
cycles in one millisecond and an in-
vestigation of the actual length of
trace recorded during one millisecond
will enable the unknown frequency to
be determined.

A line is drawn joining all the lead-
ing (or trailing) edges of the indivi-
dual traces together, and it will be
seen that the resultant is a sine wave
having a frequency of ic. in 8 mS.

If the tube were not blacked out dur-
ing the negative half -cycles the reduc-

tion of length of trace in 8 mS. will
be the length of one complete cycle
and hence there will be a length of
trace equal to 31 complete cycles in
8 mS. The length of trace recorded
will therefore be equal to 31/8 cycles.

The unknown frequency is readily
determined from the equation :

ni = An2
where n, is the unknown frequency.
A the actual fractional number of
cycles of the unknown frequency in

mS., and n2 the known frequency. In
the example shown, n2 was i,000 c/s
and A 31/8., The unknown frequency
was therefore 31,00018 or 3,875 c/s.
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THE way in which it has been
customary in the past to derive
a frequency which is an integral

submultiple of a given frequency is
that of the simple multi -vibrator,
driven at the given frequency and
providing an output at the sub -fre-
quency. Fig. i shows such a standard
multi -vibrator formed by a pair of
cross -coupled valves V, and V, and
Fig. 2 shows as an aid to following the
subdivision process the kind of wave-
form which is generated at one of the
control grids, actually, the waveform
of potential on the control -grid of
valve Vi.

As is well-known, such a waveform
may be divided into transition por-
tions where the circuit is. regenerative
and unstable and into remaining
inter -transition portions where the
loop gain is zero or too small for the
circuit to be unstable : for example,
the portions shown as PQ and P'Q'
are like transition portions of the
same sense of transition, RS is a
transition portion of opposite sense of
transition, and QR and STP' inter -
transition portions. The unstable pig -
dons are shown as lying between the
potential levels A and B. Of these
levels, A is that below which the loop
gain of the circuit is insufficient for
the circuit to be unstable ; B is that
beyond which the swing of a transi-
tion such as PQ cannot extend, in
view of the control -grid collecting
current. Between levels A and B all
changes are very rapid and of roughly
exponential form. Below level it
there is a portion of less rapid ex-
ponential variation, namely, ST, of
time constant determined by the
anode -circuit resistance of valve V,
and the stray capacity in shunt with
this resistance, and there is the fur.
ther portion TP', which completes
one cycle of the waveform and is also
exponential, but - of comparatively
long time constant determined by the
constants of the coupling circuit to
the grid of valve V,.

It is the last-mentioned portion
TP' of the waveform which is of
interest in . obtaining frequency divi-
sion. Thus there may be superposed
on the control -grid of V, an harmonic
oscillation of the given frequency such
as is indicated in its modifying effect
on part of the portion TP' of the
free waveform already described by
the curve XYZ in Fig. 2. With this
modification the multivibrator no
longer commences the A -to -B transi-

Electrical and Musical Industries, Ltd,

The Accurate Generation of Sub -Frequencies
from a Standard

By E. NEWMAN*

Fig. 1. Standard multi -vibrator circuit, and (2) the waveform of grid potential
of V. Fig. 3 shows a form of frequency divider circuit and (4) the waveform

generated.
tion at the end of the cycle at P', but
at Z where the grid potential runs
into the unstable region between A and
B, or possibly at Y, where the unstable
region is just touched. It will be
noticed that there is likely in practice
to arise an instability in the generated
sub -frequency, for if in one cycle the
peak at Y just falls short of the un-
stable region so that the cycle has a
period corresponding to a transition at
Z, it is possible, on the other hand,
that a slight change in a circuit para-
meter or within a valve or in the sup-
ply voltage may cause the transition
to occur in the next cycle at Y, so
that the cycle is of shorter period. A
change in the anode circuit resistance
of V,, for instance, would cause a
change in the level of T and so inter-
fere with the transition at the level A.
The level A is also sensible to change,
as is the amplitude of the driving
oscillation. For such reasons as these
frequency -dividers working according
to the kind .of principles that have
been illustrated require constant
supervision to ensure stable division.

A form of divider that has .been
found highly successful in practice in
avoiding the difficulties just discussed
is shown in Fig. 3. Fig. 4 shows the
type of waveform generated by the
circuit. There is again a pair of

valves, V,, V,, coupled in regenera-
tive manner, but the coupling in this
case is constituted only in part by
anode -to -grid coupling, namely, by
the resistance -capacity coupling of the .
anode of V, to the control -grid of Vr-
of time constant incidentally much
greater than the period of generated
oscillations-the remainder of the
coupling being achieved by the large
common cathode resistance r. As
shown, the anode coupling impedance
in the anode circuit of valve V, takes
the form of a delay network driven
at one end from the anode of V,, .at
which end it is terminated by a resist-
ance of magnitude equal to its char-
acteristic impedance, and short-cir-
cuited at the far end. The contrnl-
grids of the valves Vi, V, are taken to
points of appropriate positive bias
potential. An output may be derived,
if -desired, from an impedance in the
anode circuit of valve V,.

The circuit operates so that as in a
normal multivibrator the valves Vi, V,
are alternately conducting. To
understand the mode of operation,
suppose the circuit to be in the un-
stable state and consider for conveni-
ence the potential variation taking
place at the control -grid of V.. Levels

(Continued on page 249)
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More Television Waveforms
By ARTHUR C. CLARKE

The regular issue of Data Sheets will be resumed in the next issue, on Mr. Lockhart's return. In the
meantime the present article forms a useful addition to Data Sheets 29-31 (Television Waveforms)
and should be filed with them.

te
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Voltage
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MR. LOCKHART'S article on
"Television Waveforms" in the
June, 1942 issue of Electronic

Engineering, dealt exhaustively with
the subject of rectilinear waves, e.g.,
sawteeth and rectangular waveforms.
An additional important variety is the
" peaked " or exponential wave such
as that obtained when a rectangular
voltage is passed through a resistance -
capacity coupling.

When the time -constant of the coup-
ling is long (i.e., the C.R. product is
great compared with the period of the
applied wave) the output voltage is
sensibly unaltered. If on the other
hand the time constant of the circuit is
small, distortion occurs as in Fig. r

(a) and (b). The resulting waves
have steep vertical fronts followed by
exponential slopes due to the charge
and discharge of the condenser. There
is no d.c. component and the waves
are always of equal area above and
below the datum line, though they
are perfectly symmetrical only when
produced by square waves.

Since these " differentiated " waves
have important applications their har-
monic analysis is of interest, and it
can be obtained without undue dif-
ficulty when certain mathematical
artifices are employed. In this paper,
only the results of peaking square
waves will be directly considered,
though as will be shown the treatment
can be extended to any type of wave.

Consider a. peaked wave (Fig. 2) of
period T, varying between the limits
+ V and - V. Assume that the origin
(t = 0) is as shown. Then from the
well known discharge law of the con-
denser the wave can be defined by :

v=f(t)=Ve CR from t=0 to t= -
2

T
v=f(t)=-Ve CR from t=- to t=T

2

Fig. I

(left)

4 4.

E

-r
2

0 T

Inspection of the wave reveals the
relation f(t) = - f (T + t), hence
the .function is " odd -harmonic " (see
for example Eagle's " Fourier's
Theorem"). The absence of even
harmonics is in any case revealed by
the symmetry of the wave. The
Fourier series may therefore be
written :-

v = f(t)= a, cos wt + a, cos 3wt +
a, cos 5tut . . .

+ b1 sin cot + b, sin 3wt +
b, sin 5wt (I)

and the coefficients are given by the
expressions

T T

a.= f(t) cos nwt.dt = V
4 2 4 2

r 0 T o

T

bn=
4 f 2- f (t) sin nwt.dt = f
T

These expressions can both be
directly integrated, but it is more con-
venient to combine them by multiply-
ing b. by j and adding it to a..

4 2

a.+ jb.=
T

4 2

T

--- CR
Ve (cos

T
4V r 2

T.I

4V

4Vk

T(jmok - 1) e -1

/16.)t+j sin nwt) dt
(3)

Ilk in 6)1 (4)dt

(putting CR=k)

(it

e

- ±
k
)tf

ich

2

o
(5)

(6)

Fig. 2 (above)

Now w = virf = 27/T .. T = 2.7116.1

2

a. j b. =
1/(4

e
7r(jruok - 1)

leak
e -1

(7
By Euler's well known theorem,
e jn = -1 when n is odd

a. + jb.
2V wk

e - tok - 11
vr(jnwk - 1)L

Removing complex
the denominator by
(jruk +

... (8
quantities from
multiplying by

ec-ff cos nwt.dt

t

Ve CR sin nwt.dt

2 VWk(iMak + I)
a. + jb. = Itok 1]

.7(..202k2 + i)
(9)

Equating real and unreal parts

a. -
2V wk

e -17 Iwk +
(10)

2 Vno2k2

7 (Week' + 1)

[e -7r/wk +il
11

b. =
,a. (wok: i)

Referring to Fig. 2 it will be seen
that

V [e -47. 1 wk + 11= V[i +
- T/ 2CR1
e

=E
the change in voltage, or the peak -to -
peak voltage of the original square
wave. Thus the series may be
written :-
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n=oo
2E wk

v =/(t)=_ cos not +
n2,2k2,

n=I

n=oo
2E ncu2k2

'7T

sin not (11)
)126,2ks+

n=1
for odd values of n.
These terms may be combined to give
a single sine series of the form

n = co

V = A. sin (not + O.) (12)

71 = 1

wipe A. is the amplitude of the nth
harmonic and O. is its phase angle.
In this case :-

A.= V a.' + b.' and

Hence

a.
O. = tan-' - (13)

b.

2EI n't.04k*

A.=
(nz (42 k2 (n22k2

2E + i)

v _

2E

Fig. 3

n

.7T
(nz k2

wk  (14)
V n2 032 k' + L 3

I .

and 95n =
wk

tan-'

= 00

no2le

=tan-' --
nwk
(I5)

Thus the
a 1 t ernative
form of the
series is :-

wk

V n2,02k2

sin (not+tan-1-)
nok

6)

for odd values of n.
The physical meaning of this series

can best be considered from a slightly
different point of view. The ex-
ponential wave under consideration
was obtained by passing a square
wave through an R.C. coupling. As
is well known a square wave with the
origin chosen at the centre of a posi-
tive -going front (see II, table I, Elec-

tronic Engineering, June, 1942) may
be expressed in the series:

2E
v = (sin cot+ - sin 3ot . . .

3

+ - sin net) ... (17)
n

n = oo
2E

7T

n = I

sin not (18)

when n is odd.
If such a wave is passed through an

R.C. coupling each harmonic com-
ponent will be individually affected in
phase and amplitude, according to the
values of R, C and n'.

From elementary a.c. theory (sec
Fig 3) if a sine wave v = V sin wt is
applied to an R.C. coupling the out-
put vr across the resistance is ad-
vanced in phase by an angle ct. and
reduced in amplitude by the factor .

R RoC
or

vie +
RwC

1/122o2C2 +

Now 51. = tan -1

CR =k

V R2,201

sin (44+0)

wC R

( I 9)

and putting

ek
vr = V sin (0.4+ tan -1 iiwk) (20)

V +

Operation on the expression for a
square wave (equation 18) by the
above factor gives the result :

n = oo

n

v, =

=

2E

7T

wk

n1k2w2+

nok
which is the equation already derived
from harmonic analysis (i6).

This is represented graphically in
Fig. 4. a, b, c, d, e, f is a square wave
of which the first two harmonics A
and B are shown, together with their
resultant C. When this wave is passed
through an RC circuit of time constant

of a complete period, the exponen-
tial wave D is produced. The curves
A, B, show the effect of the coupling
on the original components A, B. The
higher harmonic B is less affected both
in amplitude and phase. The resul-
tant of A, and B, is the wave C, which
no longer possesses the symmetry of
C and is tending towards the exponen-

sin (not)+ tan -1

ve

Vector
diagram

for Fig. 3

tial form D. When a sufficient num-
ber of harmonics are combined the
resultant is indistinguishable from D.

From this demonstration it follows
that the harmonic content of any wave
after passage through a circuit giving
phase and amplitude variation may be
determined without actual Fourier
analysis such as that in equations 1-16.

If the series for the original wave be
known, it is only necessary to operate
upon it term by term by a factor ex-
pressing the characteristics of the cir-
cuit, such as was done in equation 20,
and the resulting series will be that
which would be obtained if the full
analysis were performed. Table I in
the June Electronic Engineering can
thus be extended to deal with almost
all the non -rectilinear waveforms
likely to be encountered in practice.

Corrections for Data Sheets
XXIX - XXXI

The following corrections should be
made to the Data Sheets issued with
Vol. 15, June, 1942.
D.S. 29-31 Television Waveforms
Appendix i.-In the expansion of

sin n(8 -0) : (1 - cos n95)2+ sin2 no
etc should read : (1 -cos

ne+ nq, . . . etc.
In the line below, the expression in

nO
curved brackets should read : cot

2

[ '7T cb

and in the next line, sin 110+ - - - -
2 2

should read : sin
77' n

[ne + -
2 2

Table I.-Waveform No. 6. For

4E
etc., read : etc.

Waveform No. 7. For e =

4E
etc., read : e = and 7r2

in the line below.

4E

2E

7T
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Fig. 4. Exponential Waveform resulting from Square Wave harmonics
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For some long time we have been making Distrene (Regd.) in sheets, rods and tubes. We are
now the distributors in this country of Distrene (Regd.) in all its forms, including moulding powder.

Distrene (Regd.) moulding powder gives excellent results on all types of injection machines.
Owing to its low density, it yields more mouldings per pound of material, and has an appreciably
faster moulding cycle, than any other class of injection moulding powder. The mouldings it makes
have the same outstanding electrical properties as the sheet material. They do not absorb moisture;
they retain their dimensions indefinitely, and are resistant to most acids and alkalies.

Working samples will be gladly sent on request. Available in glass clear and most colours.

DISTRENE (REGD.)

1

COMPRESSION STRENGTH 7 tons per sq. in.
SPECIFIC GRAVITY
WATER ABSORPTION
COEFFICIENT OF LINEAR EXPANSION .0001

SURFACE RESISTIVITY (24 Lours in water) . . 3 x 106 megohms
DIELECTRIC CONSTANT 60-106 CYCLES . . . 2.60-2.70
POWER FACTOR UP TO 100 MEGACYCLES . . 0002--0003

1.06

Nil

BX Plastics Ltd. LONDON E4 AND ELSEWHERE

LEIS/BX/C165
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A and B in Fig. 4 represent in man-
ner as before the control -grid poten-
tial levels of valve V, between which
the circuit is unstably regenerative.
If the valve V, has been conducting we
shall be concerned with that of the
two transition portions of the wave
form FGHIJKLMF' in which the
valve V, becomes less conducting with
time, namely, the switching -off transi-
tion FG. At G the grid potential of
V, has changed so much in the nega-
tive direction that the circuit has be-
come stable again. In the process of
reaching this condition the cathode of
V, will have followed the change, with
the result that on reaching G the valve
V, whose cathode is directly connected
to that of V, will have been carried
into its most fully -conducting state.
The sudden pulse of current in its
anode circuit results in the building up
of a potential difference across the in-
put of the delay network in its anode
circuit rather of the form of a portion
of an harmonic oscillation of frequency
lying in the neighbourhood of the cut-
off frequency of the network. This
portion of potential swing is trans-
ferred to the grid of V, as the portion
GH of the waveform of Fig. 4. The
circuit then remains quiescent as re-
presented by the portion of curve HI
until the pulse that was transmitted
down the network is reflected and re-
turns to the input in anti -phase. The
reflexion is apparent at the grid of
V, in the rising swing IJ, which car-
ries the circuit back into instability
and initiates the transition JK in
which the valve V, becomes switched
on again and valve V, is switched off.
The cessation of the anode current of
valve V, renders the circuit once more
stable, but the swing of potential con-
tinues along KL as previously it did
along GH until L is, reached and the
circuit is quiescent except for the pro-
pagation of the positive rise of poten-
tial down the network. The reflexion
of this rise as a dip commencing at M
leads to the repetition of the whole
cycle.

A first point of importance about the
circuit is that the period of the
generated oscillation is highly stable,
depending only on the time -delay cf
the network and not upon time con-
stants which are apt to vary on ac-
count of resistance fluctuations. When
driven by a wave of given higher fre-
quency, say, superposed on the grid
V,, there will not therefore occur
phase errors in driving on this ac-
count. Moreover, since the portion of
waveform HI in Fig. 4 corresponding
to TP' in Fig. 2 is level instead of
sloping, only the driving wave peak
that occurs shortly subsequent to I
need have any triggering effect upon
the oscillator, for with a driving
amplitude less than that to reach the

level A from that of HI no peak can
cause triggering before the point I is
reached. The period IJ is clearly
made most preferably about the period
of one driving cycle. Ideally not more
than one driving cycle should be able
to function in the period; on the other
hand, it is not necessary to make the
period much shorter than one driving
cycle. The period is determined by
the design of the network. A further
point of importance is that the anode
current pulses may be made almost en-.
tirely independent of the valves by
choosing the resistance r to be of
large value so that for given values
of control -grid bias potentials this re-
sistance alone determines the ampli-
tude of the generated pulses. Thus
stability of the level HI is assured,
and driving cycles occurring in the
period of the portion HI must always
fail to trigger the circuit.

If the circuit is required to operate
at low -frequencies a resistance may be
shunted across the anode -to -grid coup-
ling condenser, and if desired, the
gain of such a circuit may be made
independent of frequency by includ-
ing a parallel resistance -capacity
element in series with the impedance
of the delay network in the anode cir-
cuit of V, the resistance and capacity
being appropriately chosen.

A modified circuit that has been
tried with success is one in which the
short circuit is removed from the far
end of the delay network and is re-
placed by a resistance preferably equal
in magnitude to the characteristic im-
pedance of the network. From this
resistance, potentials are fed back to
the control -grid of the valve V,. The
circuit operation is similar to that
explained earlier.

It is of very great interest that a
divider employing circuits such as
those just described and dividing in
two stages of ten times each from one
megacycle a second clo.wn to ten kilo-
cycles a second has been in continu-
ous operation for nearly a year with-
out any adjustment whatever and has
remained rigidly locked the whole
time. The circuits have been de

SALVAGE
Catalogues, Instruction Sheets, and

Circuit Diagrams which are collected
and filed for reference, mount up to a
surprisingly large quantity in a com-
paratively short space of time.

There are probably catalogues in
your files which are now out of date
together with obsolete circuit dia-
grams. These would play a vital
part in the war effort as paper salvage
helps to make munitions.

Will you help by sorting your files
at the earliest opportunity and add
all you can to the salvage sack /

veloped in the E.M.I. Research
Laboratories, and this account is
given by their permission.

Stabilised Oscillator
Generator

AN improved oscillation genera-
tor which in addition to positive
feedback at oscillating frequency

provides ,a negative feedback at all
other frequencies is described by F. E.
Terman.* To prevent distortions at

,..,ems

/19

the fundamental frequency, due to the
positive swings of the grid, a diode is
connected in series with a biasing bat-
tery for limiting the amplitude of the
swing independent of the grid current.

In the circuit shown, the cathode of
the triode io is connected to resistance
14 and the other end through coil 15

of the tuned tank circuit, resistance 17
and condenser 18 to the anode. The
tank circuit 15, 16 is tuned to the
operating frequency of the oscillator.
Positive voltage feedback for existing
oscillators in the generator is made
over the lead through the inductance
coil 15 to the secondary coil 20 and
connected to the grid of valve to. The
other end of 20 is connected through
resistance 21 to an intermediate point
on the cathode resistance The grid
bias is furnished by the d.c. voltage
drop between the cathode and where
21 connects to 14. The voltage drop
gives a negative feedback voltage.

A diode connected across the tank
circuit is provided with a delay bias-
ing battery 26. This circuit serves to
limit the amplitude of the oscillations
generated by valve io, the required
limitation being produced by the grid
current. This action necessarily in-
creases the distortion of the generated
wave. Diode 25 is biased to such a
potential that before the grid of valve
io tends to become positive, valve 25
breaks down so as effectively to short
circuit the tank circuit. The ampli-
tude of the oscillations is limited
independently of the grid swing so
that the oscillator may work on a
straight line portion of its characteris-
tic curve.

With this arrangement, most of the
distortion in wave form results from
the non-linear action of the diode and
this will be small if the biasing bat-
tery is adjusted so that oscillations
with the smallest possible amplitude
can just be sustained.
* Pat. No. 541,423, S. T & C Ltd.
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A General Purpose Coil Turns Measuring Equipment
By J. W. SNELSON and F. BRAILSFORD*

This description of a coil turns counter is reproduced by permission from the Metropolitan -Vickers
Gazette. It is designed particularly for coils of small bore, and the number of turns on coils up to
42 in. long having a bore of -I in. diameter or more may be measured up to a maximum of 111,110

turns to an accuracy of I turn in 500.

ONE of the routine tests which
have to be made on most types
of coils used in electrical ap-

paratus is a test to check that the
number of turns is correct to within
the required limits. It is essential
that a tester for this purpose be sim-
ple, quick, and accurate in operation.

The present tester was required to
deal with coils which, on account of
their small internal bore (down to
4 in. diameter) could not be tested on
the existing testers. Possible mechan-
ical weakness of the core made it un-
desirable to use a high permeability
material of the nickel iron variety
which might easily be magnetically
impaired in the course of use, and the
tester makes use of a solid mild steel
rod. In deciding to employ the bal-
listic principle described by Smitht it
was considered necessary, for routine
work, to provide for automatic
reversals of the magnetising current
and easy detection of the balance
condition.

Principle of Operation
The principle of operation is illus-

trated by the elementary diagram
shown in Fig. 1. The magnetic cir-
cuit is made up of mild steel bars and
is magnetised by a uniformly dis-
tributed winding, as shown. The stan-
dard coils are situated below the
centre of one limb, while the coil
under test is slipped over the
same limb, the top 'yoke of the
magnetic circuit being detachable for
the purpose. The test coil is con-
nected in opposition to the standard
coil through a turns selector switch
and through the reversing switch S.:

 Metropolitan -Vickers Electrical Co.
t B. M. Smith, General Electric Retiew, April,

1932. " Electric Coil Turns -Counter."

Magnetising%
Winding an'cl
Iron Core

to the d.c. galvanometer G. The mag-
netising winding is connected to the
d.c. supply through the reversing
switch Sr. Reversal of switch Siwith
Sz closed clearly produces a throw of
the galvanometer if the selected num-
ber of turns on the standard coil is
not equal to that of the test coil and no
deflection when, with the same flux
linking both coils, the turns on the
two coils are equal in number. To
make the arrangement suitable for
rapid routine testing, a relay of the
voltage regulator type is intermit-
tently energised through a motor -
driven contact -breaker. This relay is
provided with contacts corresponding
to the reversing switches Sr and S2,
which thus produce reversals of both
the magnetising current, and the gal-
vanometer connexions. The galvano-
meter circuit is reversed slightly in
advance of the reversals of magnetis-
ing current and it will be clear that
the galvanometer deflections are then

Fig. 3. (right) General
view of the apparatus.

Fig. 1. (below) Simplified
circuit diagram for the
general purpose coil turns

measuring equipment.

Stan. and

always to the right or left, depending
on whether the turns selected from the
standard coil are greater or less in
number than those of the coil under
test. By the use of a suitable fre-
quency of the reversals and a shunt
producing damping on the galvano-
meter, a steady deflection is obtained
which is reduced to zero when the cor-
rect number of turns is selected by
the selector switches.

For accurate testing it is clearly es-
sential that the total flux threading
each coil must be the same within
close limits. Variations of total flux
along the length of the leg may be
due to (a) the effect of the joints be-
tween the end pieces and the legs, (b)
non -uniformity of the ampere turns per
unit length, (c) non -uniformity of the
permeability along the length of the
leg, (d) non -uniformity of the iron cross
section. The legs were made of suffi-
cient length to provide a section in the
centre, covering the standard and test
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Rotating' Driving'Cantor/ Motor,
Breaker.

Fig. 2. Schematic diagram of the equipment.

coils, free from the influence of the
joints. Quarter -inch diameter bright
mild steel bar was used, this being
sufficiently uniform in diameter, and
great care was taken to wind the legs
with a uniform continuous winding.
The iron was worked at a fairly high
flux density (about B i6,000 lines/cm').
By taking care with the.above points,
variation of total flux was kept to less
than 0.2 per cent. over the required
length.

Details and Performance of Tester
A schematic diagram of the tester is

given in Fig. 2 and a photograph in
Fig. 3.

The magnetic circuit consists of two
rods of I in. diameter bright mild steel
bar, 48 inches long, screwed into a
bottom yoke of in. square mild steel,
with a hinged cross piece at the top
which is lifted off to place a coil on
the tester and then replaced to com-
plete the magnetic circuit. The rods
are wound uniformly with a continu-
ous winding along the length up to

in. from the top to which a mild steel
ferrule is fitted. There is no winding
on the top removable yoke. The core
is energised from the 125 v. d.c. shop
supply through a current limiting
resistor.

Reversals in the magnetising cur-
rent and galvanometer circuit are
effected at the rate of about five per
second by a voltage regulator type
relay, actuated by a contact -breaker
driven by a small motor with reduc-
tion gearing. Suitable Metrosil units
and condensers are connected to re-

duce sparking and wear on the con-
tact -breaker and vibrating contacts,
which are of 2 in. diameter silver
alloy. The driving motor, contact -
breaker and relay are housed in a steel
case under the bench, and the supply
to these and to the magnetising wind-
ing comes from the 125 volt d.c. sup-
ply through a single mains switch.

The standard coils are of compact
form and consist of ten io,000 turn
coils, ten i,000 turn coils, ten too turn
coils, and coils of too turns and to turns
tapped at each to turns and single
turn respectively. Considerable care
was taken to ensure accuracy of turn
numbers, and high quality of insula-
tion. The leads from the tappings are
brought out to switches so that any
number of turns up to tit,' to may be
tapped off.

The galvanometer deflection for a
change of one turn in a thousand is
about 3 mm., and the sensitivity is
arranged to be practically independent
of coil resistance even on coils having
a high number of turns of fine wire.

The accuracy of measurement is one
turn in Soo or rather better. Coils may
be tested with turns up to it i, i to, and
with an internal bore down to s in.
diameter. The maximum axial length
of coil for which the stated accuracy
is obtainable is 4-i in. and coils of any
radial dimensions, provided the coil
can be slipped over the working leg,
can be tested.

The authors acknowledge the assist-
ance of Mr. M. Bird in the design and
manufacture of the standard coils
utilised in the equipment.

Critical inspection is evinced here.
But mere inspection is not suffi-
cient to determine the components
of a wave.

Our experience has reduced the
technique to its simplest terms.
First we obtain the electrical
counterpart of the vibration or
noise to be analysed.

We then pass the current through
a sharply tuned variable -frequency
filter which indicates the frequency
and magnitude of each component
of the wave in turn.

It sounds simple. It is simple with
F.H.L. equipment. Send us your
enquiries.

Oscillographs, Ampli-
fiers, Oscillators, Fre-
quency Standards,
Pressure Recorders,
Vibration Analysers,
Speed Measuring Equip-
ment, Clock Timers,
etc., etc.

/02
LABORATORIES LTD.

BOREHAM WOOD
H E RTS

TELEPHONE  E LSTREE 1138
ELECTRONIC EQUIPMENT ENGINEERS
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Experimental Demonstrations for Radio Training Classes
I.-The Effects of Internal Resistance

By T. J. REHFISCH, B.Sc. (Eng.)*

Experience has shown that there is a gap between the elementary electrical experiments of the School
Certificate standard and the more advanced type of radio experimental work which may commence
with tests on broadcast equipment. A number of experiments with simple apparatus have been devised
to serve as an introduction to the theory of radio. The following is put forward as a useful aid

to the teaching and understanding of equivalent circuit concepts.

Fig. I. Complete A.C. circuit comprising
1,000 cis oscillator of output voltage E in
series with a fixed resistance Rh supplying
the primary of the transformer T.

The load resistance R2 is across the
secondary winding in series with a milliam-
meter. The ratio of primary turns to
secondary turns is n : I.

The broken line encloses the source of
constant voltage E and internal impedance
R;

pRACTICALLY all sources of
electrical energy used in radio or
communication engineering have

appreciable internal resistance, and in
this differ from generators of D.C. or
mains frequency A.C. which are de-
signed to have a low internal resist-
ance (generally below an ohm).

In addition, electrical sources in
radio are frequently somewhat com-
plicated. A valve is an example and
there is difficulty in comprehending
the limitations of the valve equivalent
circuit unless the properties of sources
with internal resistance are well
understood.

Analysis of the energy delivered
into the load requires only simple
algebra for most of the results. This
will be seen from the theory given in
the appendix to this article. To re-
lieve the abstract nature of such an
analysis the following experiments
can be made to illustrate the physical
meaning.

A high resistance source can be
made up by combining a constant volt-
tage source, e.g., an accumulator or
oscillator with low output impedance,
with a series resistance and the be-
haviour of the circuit can be examined
by applying this source to a variable
resistance or other load and plotting

*-Northampton Polytechnic Institute, London,
E.C.

the variation of current with load, etc.
Such a simple circuit serves to illus-

trate Ohm's Law and power calcula-
tions, but does not introduce a feature
which is an important part of many
A.C. circuits-the transformer. As an
example we maT mention the con-
nexion of the load, e.g., a loudspeaker,
to the source, an output valve, through
an output transformer.

The turns ratio n is defined as the
ratio (turns connected to source) :
(turns connected to load) and the
effect of changing the numerical
value of n is of special interest. The
usual difficulty of obtaining different
ratios was overcome by using a
" universal " output transformer
(Goodman's Industries). By suitable
series and parallel connexions, eight
different ratios may be chosen, be-
tween the values 12 :1 and 72 :t. As
the core is small, it is advisable in this
case to operate with a small primary
current, at not too low a frequency-
say i,000 c/s.

The complete circuit for the experi-
ment is shown in Fig. r : the
source is the amplified output
of a i,000 c/s. oscillator (or
BFO.). E is kept constant at
20 volts throughout by means
of the output control and a
rectifier voltmeter of either the
valve or the copper -oxide type.
So far, then, an ideal source
of constant e.m.f. E=20 volts
and zero internal resistance has
been obtained. By placing the
5,000 ohm resistor R, in series
with the oscillator output ter-
minals, we now obtain
source of e.m.f. E and in-
ternal resistance R,. The
primary circuit is completed
through the " high turns " of
the transformer, and the
secondary circuit consists of
the " low turns," the loo mA
A.C. range of an Avometer,
and a decade resistance box
R2, all in series.

Results obtained by varying
the load and keeping n con-
Aant first at 12 : r, then at r8 :

are set out in Figs. 2 and 3,
V2 and /2 curves for n = i8:
being omitted from Fig. 2. Finally,
in the last part of the experi-
ment, the load was kept constant
and all the possible ratios of the
transformer were used, one by one.
The power in the load was calculated
and is shown plotted against n in
Fig. 4. It must be emphasised again
at this stage that the output voltage of
the oscillator was kept constant
throughout, and that the meter resis-
tance was included in the load resis-
tance. Some general conclusions can
be drawn concerning the properties of
sources with internal resistance.

r. Load, current decreases from a
maximum value towards zero as the
load resistance is increased from zero
towards infinity, i.e., on passing from
a short to an open circuit. The maxi-
mum value of current is E/Ri.

2. As the load resistance is increased
from zero to infinity load voltage in-
creases from zero towards a constant

/2
mA

501-0

V2 volts

.2

_.....,,-------

40

30

20

10

0

6

4

2

/72 in ohms

20 40 60 60 100

Fig. 2. Curves of load current 1, and voltage
V2 across the secondary winding for the circuit
of Fig. I, as the load resistance R, is varied. E
20 v., Ri = 5,000 ohms, n = 12 (all constant).
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Fig. 3. (Upper curves.) The power developed in the load resistance R, as it
is varied, with E = 20 v., Rj = 5,000 ohms, n = 12 and 18 respectively.

Fig. 4. (Lower,Curve.) Variation of load power P2 with transformer ratio n.
E = 20 v., = 5,000 ohms, R2 = 5 ohms (all constant).

value, which theory indicates to. be
E, or E/n with a transformer.

3. Power in the load increases from
zero towards a maximum and de-
creases again, though more gradually,
as the load resistance is increased be-
yond its optimum value. The condi-
tion for maximum power or " match-
ing " is R = R,, or with the trans-
former, R, = Ripe, n = V Ri1R2.

The equivalent circuits of Fig. 5

may now' be drawn without further
comment.

The maximum power in the load is
approximately equal to 20 mW here.
As may be verified by checking
figures, this value is equal to
OAK,. This means that an equal
amount of power must be dissipated in
R, within the source. Hence, the A.C.
efficiency of a source of this nature,

defined as (power in load) : (power
generated by source) is only 5o per
cent. for maximum power output.
Although the results of the experiment
allow all these conclusions to be
drawn, a serious shortcoming may be
observed in Fig. 3 for instance, where
the maximum power seems to depend
to some extent on R,, whatever the
value of n may be. This anomalous
result may be explained partly in
terms of the usual experimental errors
(arising from imperfect observations,
calibrations and frequency' error of
the meter) and partly in terms of the
assumption that the meter impedance
is purely resistive. As this will un-
doubtedly have an appreciable re-
active component at i,000 c/s., the
power in the load will appear higher
than it actually is, particularly when
the meter forms the major part of the

load. This difficulty will be borne in
mind in designing a future experi-
ment where power must be measured
in the anode circuit of a valve. In the
meantime, it may be well worth while
to inspect the brief theory given
below, as often no experiment, how-
ever carefully done, can surpass the
easy elegance of a few algebraic
equations in conveying concise and
accurate information.

Appendix

With the arrangements and sym-
bols of Fig. 5, applying Ohm's Law,
the current in the circuit is

I = E/(R, + R)
the terminal voltage is

V = IR = ERI(R, + R)
and the power dissipated in R is

P = VI = + R)'
To find the condition for max. P as

either R1 or R is varied, differentiate
P with respect to either R, or R; and
equate this derivate to zero, e.g.,
dP' R2(R+Ri)-(R1+R)a

E'. - O.
dR (Ri+R)4

hence' the result is R = Ri, and the
load is then said to _be matched to the
source. For correct matching,

E'/4R
V=E/2 and 1=E/2R (Stokes' Law)

The above theory may be extended
to a load Rs 'connected to the source
via a perfect transformer of ratio
n :1 when the effective load R=n'R,,
the load current I, = n1 and the p.d.

Fig. 5. Circuit with transformer coupled
load and its equivalent.

across the load V, = V/n, V and I
referring to the terminal p.d. across,
and the current in the source, us
before. A further generalisation of
the theory may be obtained when the
source has complex internal imped-
ance. Z1 = + jX,; it can then be
shown that the condition for maximum
power with the complex load imped-
ance Z = R + jX is that R, = R as
before, and X, = - X.

Thanks are due to my colleague Mr.
M. Nelkon, B.Sc., A.K.C., for his
help in preparing this article.
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Recent R.C.A. Valves
Tentative Data

9005.
U -H -F. Diode (Acorn Type).

The 9005 is a heater -cathode type of acorn diode suitable
for use as a detector, mixer or measuring device in u.h.f.
circuits. The resonant frequency of the 9oo5 is approxi-
mately 1,500 megacycles. D.C. output i.o mA. max.
Rating.

Heater Voltage (A.C. or D.C.) :..
Heater Current (Amps.)

Inter -electrode Capacities.
Anode to Cathode
Anode to Heater
Heater to Cathode

9004.

0.165

o.8
0.2

... aultF,

U -H -F Diode (Acorn Type).
The 9004 is a heater -cathode type of acorn diode suit-

able for use as a detector, mixer or measuring device in
u.h.f. circuits. The resonant frequency is approximately
85o megacycles. D.C. output 5.o mA. max.
Rating.

Heater Voltage (A.C. or D.C.)
Heater Current (Amps.)

Inter -electrode Capacities.
Anode to Cathode
Anode to Heater ...
Heater to Cathode

I A3.

6.3
0.15

1.3 µILE'.
0.3 µµF.
2.2 µµF.

Midget Diode.
The ,A3 is a mains type midget diode particularly use-

ful as a discriminator valve in portable F.M. receivers
and in portable high -frequency measuring equipment.
Interelectrode capacities are very low and the resonant fre-
quency isapproximately 1,000 megacycles.

The valve is fitted with a glass button base. D.C. output
0.5 mA. max.
Rating.

Heater Voltage (A.G. or D.C.)
Heater Current (Amps.)

Inter -electrode Capacities.

  1.4
... 0.15

Anode to Cathode . 0.4 µµF.
Anode to Heater o.6 /*F.
Heater to Cathode o.6 AtiF.

I L4.
H.F. Amplifier Pentode (Miniature Type).

The 1L4 is an r.f. pentode of the miniature type with a
sharp cut-off characteristic. It is recommended for use
wherever a sharp cut-off pentode is required in compact,
lightweight portable receivers. The valve is Of interest in
F.M. receivers and in other circuits not requiring A.G.C.

The 1L4 features internal shielding which eliminates the
need for an external bulb shield, but a socket with shield-
ing is essential if minimum grid to anode capacity is to be
obtained. The valve is fitted with a miniature button 7 pin
base.

- Rating.
Filament Voltage (D.C.)
Filament Current (Amps.)
Max. Anode Voltage ...
Max. Screen Voltage ...
Min. Grid .Voltage
Max. Total Cathode Current (mA.)
Input Capacity (µµF)

(As Amplifier.)

3A5.
H.F. Twin Triode (Miniature Type).

The 3A5 is a twin triode of the miniature type intended
for use in high -frequency applications. The relatively
large filament employed in the 3A5 enables it to supply
the high peak currents required in r.f. power applications.
In Class C service a 3A5 with its units in push-pull will
deliver a power output of approximately 2 watts at 4o
megacycles. It may be used at still higher frequencies
with reduced efficiency. Each triode may be used inde-
pendently of the other.

The filament can be operated either with series con-
nexion on z.8 volts or parallel connexion on 1.4 volts. The
valve is fitted with a miniature button 7 pin type base.

Series Parallel
Rating.

Filament Voltage (D. C.) 2.8 1.4
Filament Current (Amps.) o. 1 I 0.22
Max. Anode Voltage ... ... ... 135
Max. Anode Current (mA.) ... ... 5
Max. Anode Dissipation (watts) ... b.5
Amplification Factor ... ... ... 15
Transconductance (micromhos) ... 1800

(As A -F Amplifier.)
1635.

Class B Twin Amplifier.
This valve is designed with a variable -mu grid to reduce

distortion in the output at low signal levels. There are
two ratings, one for use with sustained signal, and the
other for use with variable signal only. In applications
involving a sustained signal the 1635 is operated with not
more than 300 volts on the anode and at that voltage can
handle a power output of about io watts. When the valve
will not be used under sustained -signal conditions, it can
be operated with an anode voltage as high as 400 volts
and at this voltage will handle a power output of about
17 watts.

The valve is fitted with an intermediate shell octal 8 -pin
base.
Rating.

Heater Voltage ... ... ... 6.3
Heater Current (Amps.) ... o.6
Max. Anode Voltage ' ... ... ... 400
Max. Average Anode Dissipation (per

anode) (watts) ... ... ... 4.5
Effective Load Resistance (Anode to Anode)

(ohms) ... ... ... ... 14,000
(With Variable Signal.)

6C4.
H.F. Power Triode (Miniature Type).

The 6C4 is a heater -cathode type of miniature valve in-
tended for use as Class C amplifier and oscillator in com-
pact, light weight, portable equipment, but it is useful in
other applications where a medium -mu miniature triode
with high transconductance is desired. In Class C service,
the 6C4 will deliver a power output of about 5.5 watts at 
moderate frequencies and 2.5 watts at 150 megacycles.

The valve is fitted with a miniature button 7 -pin type
base.

1.4 Rating.
0.05 Heater Voltage (A.C. or D.C.)

Ho Heater Current (Amps.) ...
90 Max. Anode Voltage ... ...

o Max. Anode Dissipation (watts)
6.5 Amplification Factor ... ...
3.6 Transconductance (micromhos)

(As A -F Amplifier.)

6.3
0.15

300
3.5

17
2,200
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1642.
Twin -Triode Amplifier.

The 1642 is a valve which contains two medium -mu
triodes in one bulb (mu - 10.4). Each triode unit has
separate terminals for all electrodes except the heater
which is common to both. The valve is fitted with a small
shell 7 -pin micanol base.
Rating.

Heater Voltage (A.C. or D.C.)
Heater Current (Amps.)

6.3
o.6

Max. Anode Voltage ... 250
Max. Anode Dissipation (watts) 2. 1

Grid Voltage -16.5
Anode Resistance (ohms) 7)60°
Transconductance (micromhos) 1)375

(As Amplifier.)

3A4.
Power Amplifier Pentode (Miniature Type).

The 3A4 is a miniature type of power amplifier pentode
_designed for use in compact, light -weight portable equip-
ment. The relatively large filament employed in the
valve enables it to supply the high peak currents required
in r.f. power applications. In r.f. amplifier services the
3A4 will deliver a power output of about 1.2 watts at to
megacycles. The filament of the 3A4 can be operated
either with series connexion on 2.8 volts or parallel con-
nexion on 1.4 volts.

The valve is fitted with a miniature button 7 pin type
base.

Rating.
Filament Voltage (D.C.)
Filament Current (Amps.)
Max. Anode Voltage ...
Max. Screen Voltage
Max. -Anode Dissipation (watts)
Grid Voltage ... .... ...
Anode Resistance (ohms) ...
Transconductance (micromhos) ...
Load Resistance (ohms) ...

(As A -F Power Amplifier.)

Series
Filament

2.8
0.1

Parallel
Filament

1.4
0.2

150

9°
2

-8.4
...100,000

1,900
8,000

829 A.
Push-pull R.F. Beam Power Amplifier.

The 829A is an improved design of the 829 and permits
operation at higher anode voltage and provides improved
efficiency and performance at ultra -high frequencies.

It is a universal type push-pull, beam power transmit-
ting valve and contains two beam power units in one bulb.
The total maximum anode dissipation is 4o watts. The
efficiency and high power sensitivity permits full power
output with very low driving power. A single valve
operated in push-pull Class C service is capable of hand-
ling a power input of 120 watts with less than i watt of
driving power at frequencies as high as zoo Mc. The
valve may be operated at reduced ratings at frequencies as
high as 250 Mc.

Neutralisation of the valve is unnecessary in adequately
shielded circuits. The heaters are arranged to allow
operation from either 12.6 or 6.3 volt supply.
Rating.

Heater Current per unit (Amps.) ...
Transconductance (I. 6o mA.) (micromhos)
Grid -Screen Mu -Factor

r.125
8,500

7
Max. Anode Voltage ... ... 750
Max. Screen Voltage 225

Max. Grid Voltage ... -175
Max. Anode Current (mA.) ... 240
Power Output (approx.) (watts) ... 87
Input Capacity (µµF) 14.5

(As Push-pull R. F. Amplifier and Oscillator.)

832 A.
Push-pull H.F. Beam Power Amplifier.

The 832-A is an improved design of the 832 and per-
mits operation at higher anode voltages and provides im-
proved efficiency and performance at ultra -high fre-
quencies.

It is a universal type of push-pull, beam power trans-
mitting valve and contains two beam power units in one
bulb. The valve is designed primarily for use as a push-
pull amplifier with maximum ratings at frequencies as
high as zoo Mc. and with reduced ratings at frequencies
as high as 25o Mc. The total anode dissipation is 15 watts
for Class C service.

Neutralisation of the value is unnecessary in adequately
shielded circuits. The heaters are arranged to allow
operation from either 12.6 or 6.3 volt supply.
Rating.

Heater Current per unit (Amps.) ... 0.8
Transconductance (I. 30 mA) (micromhos) 3)500
Max. Anode Voltage ... 75o
Max. Screen Voltage ... 250
Max. Grid Voltage ... -too
Max. Anode Current (mA.) 90
Max. Anode Input (Watts) ... 36
Driving Power (approx.) (watts) 0.19
Power Output (watts) 26
Input Capacity (µµF) 7.5

(As Push-pull R. F. Amplifier and Oscillator.)

1644.
Twin -Pentode Power Amplifier.

A' valve containing two power amplifier pentodes in the
same bulb with a common cathode. The 1644 is useful in
the output stage of compact, light -weight equipment where
moderate power output is desired. The units may be con-
nected in push-pull or in parallel.

The valve is fitted with an intermediate shell octal 8 -pin
base. Anode dissipation 2.5 watts.
Rating.

Heater Voltage (A.C. or D.C.)
Heater Current (Amps.)
Max. Anode Voltage ...
Max. Screen Voltage ...
Grid Voltage ...
Anode Resistance (Megohm)
Transconductance (micromhos)
Load Resistance (ohms)
Power Output (watts) ...

(As Amplifier.)

12.6
0.15

180
18o
-9

0.16
2,150

to,000
1.0

872 A/872 and 8008.
Half -Wave Mercury Vapour Rectifiers.

The 872-A/872 is a half -wave -mercury-vapour rectifier
superseding the 872-A and the 872. The 8008 is a new
valve having the same electrical characteristics as the
872-A/872, but fitted with a heavy duty push type base.

These new, valves combine the ability gf the 872-A to
withstand high peak inverse voltages and the ability of the
872 to conduct at relatively low applied voltages. Both
types employ a ceramic cap insulator to minimise the
danger of bulb cracks caused by corona discharge.

Two 872 A/872'S or 8008's used in a full wave rectifier
circuit can provide 3,180 volts at 2.5 amperes.
Rating.

Filament Voltage (A.C.)
Filament Current (Amps.) .--
Peak Inverse Voltage.

Mercury Temp. zo° to 60° C. (max.) 10,00o volts.
Mercury Temp. 20° to 70° C. (max.) 5,000 volts.

Peak Anode Current (Amps.) (max.) ...
 For supply frequency up to 15o c/s.

7.5

5
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NOTES FROM THE INDUSTRY
Important Notices

.Security of Service Information
We have been requested to draw

the attention of all firms who have
dealings with members of H.M.
Forces to the importance of safe-
guarding service information which
they may possess.

Many firms will inevitably obtain in
the ordinary course of their business,
service information relating to the
names of units and their locations and
movements.

Whilst the location of an individual
unit will be widely known and may
not be of great importance, informa-
tion about the locations of many units
would be of considerable value to the'
enemy and should therefore be treated

. as confidential.
Any lists of service addresses, or

correspondence from which such lists
could be compiled, should be safe-
guarded from falling into unauthor-
ised hands and should be kept under
lock and key.

The locations and movements of
troops should not be discussed on the
telephone.

Members of H.M. Forces who pur-
chase certain articles of clothing or
equipment have to certify that the
articles are required for service pur-
poses. In doing so, they should only
sign their name and rank (with their
regiment or corps, in the case of Army
officers), but must not give their unit
name. They should not be asked to
give any further particulars.

War Risks Insurance
The Board of Trade have reason to

believe that a number of traders and
firms who are required to insure their
stocks or equipment under Part II of
the War Risks Insurance Act, 1939, or
Part II of the War Damage Act, 1941,
as the case may be, are failing to com-
ply with their statutory obligations by
either not insuring at all or insuring
for a sum considerably short of the
full value for which the law requires
them to insure.

A number of prosecutions have re-
cently been instituted by the Board
against persons who have failed to
comply with their obligations and
traders are warned that the Board will
not hesitate to enforce the provisions
in question wherever necessary.

The Radio Valve (Maximum
Prices) Order, 1942

HE Board of Trade, after con-
sultation- with the  Central Price
Regulation Committee, have

made an Order controlling the prices
to be charged by official selling
agents, wholesalers and retailers of

all radio valves imported under the
Lease Lend provisions. These prices
are set out in Related Price Lists
which have been certified by the Board
of Trade, copies of which are lodged
with the Board of Trade, the Central
Price Regulation Committee and each
of the Local Price Regulation Com-
mittees.

The Order provides that all agents
or wholesalers dealings in these
valves must supply, either before or at
the time of delivery to their customers,
a written notice (which can, if de-
sired, be incorporated in the invoice)
stating the correct maximum prices
for the valves in question. All re-
tailers selling these valves must dis-
play in a prominent position in their
shops a notice giving the maximum
price appropriate to any of these
goods offered for sale by them.

This Order, which is to be known
as the Radio Valve (Maximum Prices)
Order, 1942, S.R. & 0. 1942, No. 1934,
came into force on September 28, and
is obtainable on ordering through any
booksellers or newsagents or direct
from H.M. Stationery Office, York
House, Kingsway, London, W.C.2,
price id. (post free 2d.).

Brit. I.R,E.
At a meeting of the British Institu-

tion of Radio Engineers on Friday,
September 25, at the Federation of
British Industries, Westminster,
S.W.f, Dr. James Robinson read a
paper on " Aspects of Modulation."

The relative merits of amplitude
modulation and frequency modulation
occupied the major part of the paper,
with special reference to the author's
" Stenode " system as applied to
transmission and reception, the de-
modulation of a weak signal by a
strong one at the detector being ex-
plained in detail. He showed mathe-
matically and by diagrams what hap-
pened to a frequency modulated signal
when it was interfered with by an
amplitude carrier.

Dr. Robinson declared that he
would be satisfied with his efforts if
he had made clear to those present
this phenomenon of detector dis-
crimination, which was really the
secret of the success of the Stenode.
He thought it was little understood by
engineers generally.

This paper was preceded by the in-
augural address of Sir Louis Sterling
on assuming the Presidency of the
Institution. In the course of this ad-

- dress Sir 1.ouis strongly advocated the
registration of radio engineers, and
also dealt with the methods which
should be adopted to secure special-
ised technical training.

Proposed Club for Scientific
Kinematographers

A proposal has been put forward to
form a Club for the benefit of workers
who use the 16 mm. Cine-Kodak
Special for the making of scientific
technical and medical films.

The objects of the Club will be to
promote interest in the production of
such films and to afford members an
opportunity to discuss technical prob-
lems connected with these particular
branches of sub -standard kinemato-
graphy.

It is intended to hold an inaugural
meeting during the month of Novem-
ber, which coincides with the Exhibi-
tion of Scientific Photography being
held during that month by the Asso-
ciation of Scientific Workers in con-
junction with the Royal Photographic
Society at the premises of the Society,
16 Prince's Gate, London, S.W.1.

Any person who is interested in the'
production of 16 mm. scientific,
medical or technical films is invited
to communicate with Mr. R. Mc. V.
Weston, " Houndwood," Farley,
Salisbury, Wilts., from whom further
particulars can be obtained.

The British Kinematograph
Society

We have received the following
Provisional  Lecture Programme for
1942-1943 from the British Kinemato-
graph Society :
Nov. 18-"The 16 mm. Film in War-

time." A symposium. Speakers to
to be announced. The 16 mm. film
has found many specialised appli-
cations, which will be illustrated
by the projection of films.

Feb. 17-" Set Design and Construc-
tion " by A. E. Carrick. The work
of the Art Director-Modern
methods of construction-Influ-
ence of war -time difficulties.

Mar. 17-"Accoustics and the Motion
Picture," by N. Fleming D.Sc.
Recent progress in acoustics, and
its application to the -sound film,
will be discussed by the N.P.L.
specialist.

Apr. 14-" Planning a Production "
by Tom White. A survey of the
work which precedes the photo-
graphing of a film.

Meetings are normally held at the
Gaumont-British Theatre, Film
House, Wardour Street, W.i, com-
mencing at 6, p.m.

Tickets of admission for non-members
can be obtained from the organising
Secretary, Mr. R. Howard Cricks, at
Dean House, Dean st., London, W. r.

(Continued on page 258)
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A VITA CLUE

HA! A clue? Yes, and an important one. Any
amateur detective with electrical training knows
that E5089/1 stands for a whole dossier of
vital facts . . .

E5o89/i applied to a sheet of Bakelite
Laminated means certain known and invariable
things. Are you interested in its electrical pro-
perties ? You will find them all on the Data Sheet,

available to all users-volume resistivity, surface
resistivity, dielectric strength at 90°C, dielectric
strength at 20°C, breakdown along lamina; at

BAKELITE

90° and dielectric constant. Do you want to
know its mechanical properties ? There they
are-ultimate tensile strength, shearing stress,
specific gravity, weight per cubic inch and co-
efficient of expansion per °C through laminae . .

E5o89/1 is just one of over 6o grades of
Bakelite Laminated, each with its definitely
known, scientifically tested and consistent pro-
perties. You may find out more about them
by writing to Bakelite Limited, 18 Grosvenor
Gardens, London, S.W.I.

TREFOIL

It FGII. I RADE M ARKS

PLASTICS
Pioneers in the Plastics World

Ts
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A 500 -watt Music Amplifier

IT is generally accepted that ampli-
fier installations for " Music while
you Work " have proved their

worth in producing increased output
and pleasanter working conditions.

The illustration shows a large
amplifier rack recently built by
Messrs. Imhof to the requirements of
a factory, which feeds several banks of
speakers for relaying music and
speech.

The rack is built on the unit system
and contains in addition to the ampli-
fiers, twin Garrard turntable and a
radio receiver. The latter, which is
seen at the top left-hand corner, is a
5 -valve superhet with three wave-
bands.

The amplifiers are housed behind
the blank panels shown in each rack
and consist of 6V6 valves in cascade,
resistance coupled which feed 2 6L6
output valves in push-pull. The power
output is approximately 6o watts per
amplifier, which is distributed to the
banks of speakers through the dis-
tribution panel on the left hand rack.

An output meter can be switched
into each speaker circuit, and below
the amplifier racks are three monitor-
ing speakers behind grilles.

The centre and right hand top
panels contain the fader for micro-
phone and piCk-up and a bass and
treble control. The speaker banks are
isolated by means of the switches
above the centre turntable.

Provision has been made in the
microphone circuit for priority calls, a
selected microphone being fitted with
a relay which cuts out the pick-up or
other microphone in action and super-
imposes the priority call on the sys-
tem. At the end of the message the
circuit is automatically restored to its
original condition.

The whole amplifier equipment
operates from 200-240 v.A.C. and occu-
pies a floor space of approximately
5 ft. by 18 in. deep. The overall
height is 5 ft. fo in. The panels are
finished grey crackle with chromium
plated ornaments and the appearance
is smart and business -like.

Single amplifiers can also be ob-
tained at prices ranging from £20 to
.47o with outputs of 15, 30 or 6o watts,
and any number of these can be com-
bined to suit individual requirements.

Further details can be obtained
from Messrs. Alfred Imhof, Ltd., I I 2

New Oxford Street, W.C.I.

Notes from the Industry (concluded
I.E.F. Wireless Section

At the first meeting of the 1942-3
session of the Wireless Section
of the I.E.E. on October 7, ap-
preciation was expressed of the work
of the retiring Chairman, Mr. H.
Bishop, C.B.E., and the new Chair-
man, Dr. R. L. Smith -Rose, delivered
his inaugural address.

The final section of the paper dealt
with refinements in the measurement
of the velocity of light and wireless
waves. The work of Michelson, Pease
and Pearson, in America, using a rota-
ting mirror and a vacuum tube a mile
long, was described, and also the re-
cent work of W. C. Anderson with
more compact apparatus, using a Kerr
cell with frequencies up to 56 Mc/s as
an interrupter. Both methods gave a
value of 2.9977 x lom cm/sec. in
vacuo.

Dr. R. L. Smith -Rose will deliver
a paper jointly with Miss A. C.
Stickland, M.Sc., at the meeting of
the Section on Wednesday, Novem-
ber 4, at 5.30 p.m. The subject will
be " A Study of Propagation over the
Ultra -Short -Wave Radio Link be-
tween Guernsey and England on
wavelengths of 5 and 8 metres." At
the informal meeting on Tuesday,
November 17, at 5.3o p.m. a discus-
sion on " Plastics in Radio Produc-
tion " will be opened by C. C. Last.

Electronics Group
A further meeting of the Electronics

Group will take place on. Wednesday,
November 25, 1942, at 3.0 p.m., in the
Lecture Theatre of the Royal Institu-
tion, Albemarle Street, Piccadilly,
W.', when a paper will be given by
Mr. G. T. Winch, A.M.I.E.E.,
F.Inst.P.,, of the Staff of Messrs..
General Electric Company, Ltd.,
Wembley, on the subject " Photo-
cells and their Applications." Oppor-
tunity will be given for discussion.

ASLIB
ASLIB (Association of- Special

Libraries and Information Bureaux)
will hold its seventeenth conference,
by kind permission, at the rooms of
the Royal Society, Burlington House,
Piccadilly, W.f, during the week -end
of November 7 and 8, 1942.

The annual general meeting will be
followed by an " open meeting " at
12 noon, under the chairmanship of
Sir Harry Lindsay, K.C.I.E., C.B.E.,
President of ASLIB, when Sir Richard
Gregory, Bart., F.R.S., will speak on
" International Systems and Stan-
dards." No conference fee will be
charged for this meeting, but those
wishing to attend should apply in
writing for a ticket of admission to
the Secretary, 31 Museum Street,
W. C. I.
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Write for Booklet
112, giving details
of J. M. C. contacts
and contact
materials.

The selection of suitable
contact materials and
types of contact,
presents problems to
designers in all grades of
electrical engineering.
It is accordingly our
keen desire to be of
service by presenting
the fullest available in-
formation and guidance
to those who seek
assistance in determin-
ing the most suitable
contact for a specific
job. May we assist you ?

JOHNSON, MATTHEY
& CO. LIMITED

73 83, HATTON GARDEN, LONDON, E.C.1
Telephone : HOLBORN 6989

PAINTON
COMMUNICATION

COMPONENTS

VITREOUS COATED
RESISTANCES

PAINTON & CO. LTD. NORTHAMPTON

APLAS
EXTRUDED PLASTICS

The Tenaplas Method of
Extruding Plastics ensures
products of uniform quality
and dimensional accuracy.
Although at the present
time Tenaplas Pro&cts are
manu`actuted mainly for
Electrical and Chemical
Insulation there are many
industries in which Tenaplas
Extruded Plastics could be
used with great advantage.
Where technical excellence
is of first importance
Tenaplas can be recom-
mended to fulfil every
requirement.

TENAPLAS LTD,Ilead Off e, 7 PARK LANE,
LONDON,V1I'
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CORRESPONDENCE
Planned Research

From Prof. A. G. Tansley, F.R.S.
DEAR SIR,-In the leading article on

this subject in 'your September issue
it is very truly remarked that "a great
deal seems to depend on the pi-ecise
definition of the word planned.' "
It must surely be obvious to everyone
that no consecutive research of any
kind can he carried out unless there
is some " plan " in the mind of the
investigator. But we must further re-
cognise that the complexity and wide
range of much- modern scientific re-
search requires the co-operation of
several or many workers, and that
these must work to a " plan." This
is seen in new fields of pure science
where the ground has to be initially
explored by wide surveys of the
phenomena involved, where the valid-
ity of a hypothesis has to be tested in
a great number of examples, and
again where the solution of a complex
problem requires series of experiments
far too numerous to be undertaken by
a single worker. All such work must
be carried out to plan.

In what is properly called " applied
science " extensively planned work
has been and is being carried out in
the biological fields of agriculture,
medicine and nutrition, and we may
expect to see work of this kind greatly
increased and extended to other
spheres directly affecting the welfare
of the people, sometimes at the in-
stance of Government Departments
and often through the agency of offi-
cial or quasi -official scientific bodies.
Such work serves purposes of great
social importance and is an excellent
example of the application of science
to the service of humanity.

The Society for Freedom in Science
was formed primarily to combat the
dictation and regimentation of scien-
tific work by the State-in other words
" central planning " as practised by
totalitarian regimes. The Society de-
sires to uphold the autonomy of
science, such organisation and plan-
ning as is necessary being carried out
by responsible men of science, and not
by an external governmental author-
ity. Dr. Baker's book, to which your
leader refers, points out and illus-
trates by abundant examples the un-
doubted fact that the greatest and
most fundamental discoveries have
always been made by individuals
freely working on their freely chosen
material without regard to practical
utility, and not as the result of plan-
ning in the interests of the commun-
ity.. Since it is likely in the future

that little money for research will
come from any other than public
sources, a considerable share of the
state funds available for science
should go to properly qualified in-
vestigators freely working at their
own problems without any regard to
practical 'use ; though a great deal, of
course, will be quite properly allo-
cated to collective research planned
for the promotion of the general wel-
fare work, which has an increasingly
important function in national life,
but is not the source of fundamental
discovery.-Yours truly,

Grantchester. A. G. TANSLEY.

.

DEAR SIR,-On the subject of the
Magic Eye Resonance Indicator, Mr.
George A. Hay is quite correct in
claiming priority for the suggestion
that a cathode resistor gives increased
sensitivity due to positive feedback.
References to his paper and to several
others were omitted from my note on
the score of brevity.

I do not agree with Mr. Hay's state
ment that the circuit concerned is in-
effective at audio frequencies. The
inside of the " eye " is illuminated,
owing to the A.C. component of the
anode current, but if the bias is care-
fully adjusted, the D.C. component is
still visible as another shadow super-
imposed .on the first. Its edges move
outwards as resonance is approached,
and at that point, they become sharp
rather suddenly. There is no uncer-
tainty about the indication, and at 600
cycles/sec.,' a satisfactory response is
obtained with o.3 volts RMS input.

The primary cause of the reduced
sensitivity of the Magic Eye at high
frequencies is the capacitative input
impedance of the valve. This imped-
ance becomes smaller as the frequency
is increased and leads to an error of
the same nature as that arising from
the use of a low -resistance voltmeter.
The phase changes mentioned by Mr.
Hay are secondary effects, and
should not be important at 5 Mc/s.

Mr. Hay's statement that " Most of
the increase in sensitivity is due to the
presence of D.C. feedback " is incor-
rect. The D.C. feedback across the
cathode resistor in the resonance in-
dicator serves only to give the grid a
negative bias, and to obtain increased
sensitivity it is necessary to have A.C.
feedback, in phase with the input.-
Yours faithfully,

J. M. A. LENIHAN.
Newcastle-upon-Tyne.

Magic Eyes

Long -Tailed Pairs
DEAR SIR,-I am very grateful to

Dr. Ipfeed and Mr. Puckle for their
criticisms of the terminology used in
my article " The C -R -O used strobo-
scopically," and regret that I was pre-
vented from replying in time for in-
clusion in your last issue. I agree
entirely that " the use of laboratory
slang is desirable provided the mean-
ing is clear and accurate and that the
words save time and are euphonious."
It is, therefore, unfortunate that in an
attempt to satisfy the latter condition
by the use of " scalariform," I should
have been betrayed into a violation of
the former. With regard to " risers "
however, I consider that it fulfills all
conditions and that its use is prefer-
able for that reason to the purist
" that part of the waveform at which
the rate of charge of the condenser C
is increased above the normal by the
application of an increase of potential
to the grid of the valve VT in Fig. 6."

With regard' to " long-tailed pair,"
I regret that I was under a misappre-
hension about the familiarity of this
term and I would like to apologise to
any readers for whom it had no mean-
ing. I hope to attempt to remedy this
position, however, by publishing 'a
summary of the theory and applica-
tions of this very useful circuit
arrangement.

I would like to take this opportun-
ity to disagiee with Mr. Puckle on the
question of the method of drawing cir-
cuit diagrams. Presuming Mr.
Puckle's preference to be for the use
of direct instead of looped cross-
overs I would like to suggest a con-
sideration of the following practical
and psychological points:

It is sometimes difficult in print-
ing processes to prevent the pos-
sibility of a direct cross -over
blurring into a dot, especially
when the diagram is on a re-
duced scale.

2 In general, a draughtsman will
tend to omit loops less frequently
than he will omit dots, and in
the use of looped cross-overs the
omission of a dot will be a
matter of negligent consequence.

3 In a diagram containing both
direct crossovers and dots the
eye tends to " see " dots at every
cross -over.

The results of experiments con-
ducted by workers of the Gestalt
school of psychology (see " A Source
Book of Gestalt Psychology") confirm
these two last points.-Yours faith-
fully,

GEOFFREY BOOKING.
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DEAR read with interest the
letters by Dr. Ipfeed and Mr. Puckle,
and feel impelled to add my name to
those who, like your correspondents,
object to the use of laboratory slang in
technical literature on the score that it
tends to detract from clarity. The use,
wherever possible, of standard terms
in the text and standard symbols in the
illustrations (to take up the point in
the last paragraph of Mr. Puckle's
letter) should, to my mind, be the first
essential of technical literature;
where, however, novelty of subject de-
mands new terminology then each new
word should be defined by the author.
I speak with some feeling because only
recently I was greatly puzzled by the
term " long-tailed pair " which I met
for the first time, and I remained puz-
zled until by good fortune, I came
across an article in which the author
had the blessed sense to define his use
of this term. His definition occupied
a mere paragiaph, yet how it added to
the ease of digestion of the remainder.

I do not agree with the editorial
comment on the last paragraph of Mr.
Puckle's letter. I strongly advocate
the use of standard symbols hi elec-
trical circuit diagrams, and I see no
reason for departing from the stan-
dards laid down in the British Stan-
dard Specification. Surely the fact
that the use of " straight line across
and dots " method of representing
conductors crossing has been recom-
mended internationally by the Inter-
national Electrotechnical Commission
and in this country by the British
Standards Institution is sufficient rea-
son for the adoption of this standard ?
With regard to its alleged lack of
clarity, I can say that I have used the
standard considerably and find it no
less clear than the alternative loop.-

Yours faithfully,
Farnborough. S. JONES.

The T.A.-T.G. Oscillator

DEAR SIR,-In the October issue of
Electronic Engineering you published
an article on the T.A.-T.G. oscillator
by G. P. Pollard. Mr. Pollard starts
his article with a short reference to the
tuned anode feed back circuit (reverse
feed back). He states that the fre-
quency of oscillation does not depend
on the coupling M. This result is, of
course, only true if one entirely
ignores the circuit attached to the grid
regarding it as an open one. If one
introduces the effect of grid current
ig for example, the theory clearly
shows that its considerable adverse
effect on frequency stability was to
have been expected. The character-
istics of the grid circuit (and for that
matter of the anode circuit) would

appear to have an importance which
diminishes with the tightness of the
coupling.

A very simple theoretical method of
regarding the T.A.-T.G. oscillator
may be of interest. I do not suppose
it is an original exposition of the
oscillator, but it seems to be very little
known (though I am told that Terman
has published a similar explanation).

From an A.C. point of view the cir-
cuit may be drawn thus :

In order that the phase of the anode
and the grid should differ by 7 radians
it is essential that the anode circuit
and the grid circuit should offer the
same kind of impedance to the fre-
quency of oscillation, in other words,
they should both be " tuned " either
inductively, capacitatively, or resis-
tively. If they are capacitative or
resistive in effect then the whole cir-
cuit is non oscillatory; but if they are
both inductive it is. The theory can
then be deduced exactty as for a
Hartley circuit except, of course, that
the coil is supposed to have no mag-
netic coupling between its parts. This
simple theory shows, too, very clearly
the importance of the size of C., and
its effect on the frequency stability.

Cranwell. P. GOUGH.

DEAR SIR,-Para: t of Mr. Gough's
letter seems to bear no relation to the
T.A.-T.G. oscillator, but to/be merely
a criticism of an obvious assumption
relating to an introductory statement.

The approach to the oscillator used
in the article assumes the generator to
be producing stable oscillations and a
full investigation into the factors
underlying frequency stability was
not part of my scheme. The facts
mentioned by Mr. Gough regarding
the stability of the T.A.oscillator, to-
gether with the stabilising circuits
(but no full theory, including the
effect of grid current) are to be found
in Terman's Radio Engineering,
Chap. 8, para. 67.

The explanation of the action of the
T.A.-T.G. oscillator by conversion to
a conventional Hartley circuit seems
useful if only a simple physical
explanation of its action is required.

It seems to me that for the phase o1
the anode and grid to differ by r
radians in the circuit shown, the re-

actances of the respective circuits only
are being considered; if the imped-
ances are considered, the phase rela-
tionship will be approximately
radians difference-a minor point.

Twickenham. G. P. POLLARD.

Standards for Recording
An American committee of the

NAB have issued a list of recom-
mended standards for disk recording,
from which the following main points
are extracted :
Recorded Level.

The programme level measured by
the standard volume indicator shall
be the same as the level required to
record a r,000 c/s note at a velocity of
5 cm./sec. This standard contem-
plates peaks running as high as 15
cm. /sec., which is the maximum
velocity which can be traced without
distortion in the inner radius of a 33i
r.p.m. disk.
Signal -Noise Ratio.

The noise level measured when re-
producing a record over a frequency
range of 5oo-8,000 c/s. shall be at least
36 db. below the level obtained under
the same conditions when using a
1,600 c/s note at 5 cms./sec. This
measurement is intended to give a
fixed reference level for measuring
noise.
Centricity of hole in disk.

The hole in the disk shall be con-
centric with the recording groove
spiral to within 0.003 in.
Turntable Diameter.

Minimum diameter of the reproduc-
ing turntable shall be 1511 in.
Turntable Torque.

Minimum torque at the turntable
shall be too in. ozs.
Turntable Speed.

Average speed of turntable shall be
33i or 78.26 r.p.m. 5%.

" Wow " Factor.
Maximum instantaneous deviation

from the mean speed of the reproduc-
ing turntable shall not exceed 0.3%
of the mean speed.
Tracking Error of Pickup.

The maximum tracking error shall
be 60 at 4 in. diameter and 100 at
15i in. diameter.
Pickup Weight.

The maximum vertical force re-
quired by the pick-up shall be t oz.
(42 gm.)

In addition to the above standards
the committee recommend the adop-
tion of a glossary of recording stan-
dards which includes most of the
terms peculiar to the art. This is not
available at the moment.

-Communications, August, 1942.
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ABSTRACTS OF
ELECTRONIC LITERATURE

CATHODE-RAY TUBES
The Relative Sensitivities of

Cathode -Ray Tubes, Photographic
Film and the Human Eye

(A. Rose)
The threshold scene brightness

which a picture -reproducing device
can record, a measure of its operat-
ing sensitivity " depends not only
upon the lens speed and the exposure
time, but also upon the amount of de-
tail and the recorded image. A general
expression for the " operating sensi-
tivity " of a picture reproducing de-
vice is obtained which includes these
factors together with the threshold
number of quanta per picture element.
This parameter characterises the "true
sensitivity of the given device. The
" true " and " operating " sensitivi-
ties of four types of cathode-ray tubes,
photographic film, the human eye and
an ideal picture -reproducing device
are obtained.

To compare " operating sensitivi-
ties " the same exposure time and
equivalent lens systems are taken for
the three devices.

-Proc. I.R.E., Vol. 30, No. 6
(1942), page 293.

RADIO
TRANSMISSION

A New Frequency -Modulation
Broadcasting Transmitter

(A. A. Stene and N. C. Olmstead)
A new frequency modulation trans-

mitter is described which uses a novel
amplifier circuit permitting an un-
usually simple mechanical design and
an economical valve complement. The
choice and design of circuit com-
ponents governed.by both mechanical
and electrical considerations are dis-
cussed in detail.

-Proc. I.R.E., Vol. 3o, No. 7
(1942), page 335.

RECEPTI 0 N
Amplitude, Frequency and Phase

Modulation Relations
(A. Hund)

Comparisons between the three
methods of modulation are treated
from the standpoint of mode of opera-
tion, modulation factor and ,frequency
spectrum. Graphical means of deter-
mining the frequency spectrum for
frequency and phase modulation are.
indicated.

-Electronics, Vol. is, No. 9 (1942)
page 48.

CIRCUITS
Types of Light Cells and Their

Circuits
(V. H. Gilbert)

l'he construction of various types of

light-sensitive devices, comprising
selenium resistance -type, gas -filled
and vacuum photo -cells and selenium
self -generating cells is described and
the circuits with which they are asso-
ciated are shown. Circuits illustrating
the use of photo -cell in a simple im-
pulse circuit and a simple balanced
A.C. bridge circuit which makes use
of a selenium bridge are also des-
cribed. Selenium self -regenerating
cells are useful as a basis for light,
exposure and gloss meters, but do not
find much application for quantitative
measuring work.

-El. Trading, August, 1942, page
30*.

Wave Form Circuits for Cathode
Ray Tubes

(Lewis)

Fundamentals governing the opera-
tion and construction of the cathode-
ray tube are reviewed and details of
several types of circuits which are
suitable for generating saw tooth
waveforms are given. Two circuits,
the multi -vibrator and blocking oscil-
lator, which are capable of generating
impulse waveforms, are also described
and the synchronisation of relaxing
oscillations on to other waveforms is
explained.

-Electronics, July, 1942, page 44-*

THEORY
Transient Temperatures in the

Anode of an X -Ray Tube
(F. R. Abbott)

The rapid heating and cooling cycle
of the focal area of a high speed radio-
graphic X -Ray tube anode results in
short life, although maximum tem-
peratures produced are not excbssive.
Some objections are found to earlier
theoretical investigations of tempera-
ture distributions beneath such focal
areas. An operational solution is ob-
tained in terms of Bessel functions.
From the calculated temperature dis-
tribution the mechanism of disruption
is explainable.

-Jour. App. Phys., Vol. 13, No. 6
(1942), page 384.

THERMIONIC DEVICES
The Use of Valves as Variable

Impedance Elements
(H.]. Reich)

The magnitude and phase angle of
an impedance may be varied by means
of circuits incorporating valves. The
analyses of certain circuits show that
they may be considered to be
equivalent to a parallel combination
of reactance and resistance in certain

circuits the effective resistance may be
made infinite thee circuits acting like
pure reactance, the magnitude of
which may be controlled by means of
electrode voltages.

Valve circuits containing only re-
sistances and capacitances may act
like an inductive reactance shunted by
a negative resistance. Some types of
" resistance -tuned " oscillators are
based upon such circuits and may be
readily analysed from this point of
view.

By the use of an inverse -feedback
amplifier it is possible to obtain very
large effective capacitance or very
low negative resistance, the magni-
tudes of which may be varied by)
means of the amplifier gain.

-Proc., I.R.E., Vol. 30, No. 6
(1942), page 288.

INDUSTRY
The C.R. Indicator as a Detector

(Park)

The use of the cathode-ray tube as
an indicator for an impedance bridge
for the location of cable faults is des-
cribed and reference is made to factors
which influence the accuracy of the
null -point detector method. These in-
clude external and background noise
and the personal factor which is the
most important source of error. The
arrangement of the cathode-ray indi-
cator circuit chosen was one in which
a variation of the negative grid poten-
tial between 25 v. and zero produces
a corresponding variation of the
shadow angle between zero atid 900.
Details of the circuit are given and
methods of operating the bridge when
used in conjuction with this device are
reported.

-El.. Times, September 17, 1942,
page 400.*

Impedance -Measuring Instrument
(C. E. Smith)

Following a brief discussion of im-
pedance measuring methods, the
theory underlying the operation of
this instrument is presented with the
development of useful equations. The
merit of the scheme lies in the fact
that measurements can be made while
the impedance is in operation without
disturbing the current distribution of
the network. Practical arrangements
of the parts are then considered along
with the necessary adjustments. The
paper ends with some results and con-
clusions.

-Proc. I .R.E. , Vol. 30, No. 8
(1942), page 362.

a Supplied by the courtesy of Metropolitan -Vickers
Ltd,, Trafford Park, Manchester.
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The time will come when Goodmans'
Loudspeakers will bring you news of a

brave new world ' in which we can
accept your orders again and devote our
energies and the accumulated experience
of war years to giving you apparatus
that will open up new horizons in the
search for perfect sound reproduction.

GOODMAIlS
INDUSTRIES LIMITED
Lancelot Road. Wembley, Middx.

31600,000 JOINT
made per week with

(approx)

THE SOLDER WIRE WITH 3 CORES
OF NON -CORROSIVE ERSIN FLUX

More than 31,000,000 perfectly soldered joints
every week !
If Ersin Multicore- the A.I.D. approved Solder wire
with three cores of non -corrosive flux- saves only
one second per joint, production is speeded up by
at least 9,000 man hours every week. Joints made

with Multicore Solder are reliable.

Any Works engaged upon Government Contracts
not yet enjoying the advantages of Multicore,
should write for free samples and details as to how
their soldering costs can be reduced.

MULTICORE SOLDERS LTD., BUSH HOUSE, LONDON, W.C.2
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PATENTS RECORD
The information and illustrations on this page are given with the permission of the Con-
troller of H.M. Stationery Office. Complete copies of the Specifications can be obtained

from the Patent Office, 25, Southampton Buildings, London, W.C.2, price Is. each.

TELEVISION
Multiple -colour Television Systems
It is the object .of the invention to

provide _a colour television system
which may be viewed frbm a short dis-
tance.

The viewing distance of a normal
black and white interlaced picture is
considered as standard. A colour pic-
ture in which each of the interlaced
field maintains its own colour from
frame to frame would have to be
viewed from a distance greater than
the standard in order to obtain colour
blending with consequent loss of de-
tail. It is claimed that if each inter-
laced field is itself multi -coloured the
composite picture can be viewed from
the considered standard distance with
proper appearance of colour and no
loss of definition.

In the invention there is provided
an interlaced- rniiltiple-colour tele-
vision scanning systeni in which the
field in one frame scanning period,
which corresponds in position to a
field in the preceding frame scanning
period, is reproduced in a different

- _colour.
-Hazeltine Corp. (Assignees of

I. C. Wilson). Patent No.
546,987.

Cathode -Ray Tube Television Receivers
To provide apparatus by means of

which a linear characteristic for a
television receiver employing a
cathode-ray tube, is secured over a
working range of substantial extent.
Also to correct or compensate for the
non -linearity of the electron density
or of -the signal brightness character-
istic of a television receiver tube, of
the type in which modulation is ac-
complished by shifting the cathode
beam with respect to an aperture.

The invention consists of a simple
and inexpensive circuit arrangement
which serves to predistort the modulat-
ing signal in just the manner and
amount required to overcome the dis-
tortion introduced by the cathode-ray
tube itself.

A distortion signal is derived from
the image signal through the use of an
auxiliary circuit arrangement, and this
signal is applied along with the image
signal to the modulating electrodes of
the cathode-ray tube in such a way that
the electron density and screen bright-
ness are linearly related to the image
signals over the full working range of
the tube. A resistor is connected in
series between a network carrying the

image signals and a modulating elec-
trode of the cathode-ray tube, and at
the same time the image signals are
supplied to the input circuit of a valve
whose output circuit is directly con-
nected to the terminals of the resistor.

The valve is so designed to, operate
without substantial phase shift at
image signal frequencies and whose
characteristic is complementary to the
non-linear characteristic of the
cathode-ray tube to be corrected. The
resistor and biasing arrangements of
the valve are so chosen that the out-
put to input voltage characteristic is
of the shape required to correct the
departure from linearity of the bright-
,ness response of the cathode-ray tube.

-Standard Telephone and Cables,
Ltd. (Assignees of M. W.
Baldwin, Jr.). Patent No.
547,124.

THERMIONIC DEVICES
Rectifier System

In the system described, the oscil-
lator V,, windings 2 and 4 and trans-
former core. 8, operate in the conven-
tional manner and generate oscilla-
tions of the order of io,000 cis*. An
oscillating current which may be of
any suitable wave form is developed
by the source 23 and supplied to the
winding 22. Since the winding 22 is
inductively coupled to the wire loop
21, a h.f. current is induced in it
which flows through the cathode 13
and raises its temperature to the point
of thermionic emission of electrons.

Alternately, the winding 23 which is
coupled to the anode winding 4 and
grid winding 2 and V,, may be con-
nected to the winding 22 by means of
switch 24, so that the .oscillating cur-
rent for the coil 22 is derived from the
oscillator circuit including_ V,. The
unidirectional voltage developed be-
tween the cathode and anode when
these are energised by the h.f: alter-

nating voltage derived from the oscil-
lator is applied to the filter 26, in
which fluctuations of the unidirec-
tional voltage are filtered out.

The windings 14 and 21 which are
inside the bulb are satisfactorily in-
sulated without the requirements of
substantial insulating materials as
would otherwise be the case. Part of
the advantages are obtainable even
though the winding 21 is disposed
outside of the bulb and provided with
suitable insulation in the conventional
manner.

-Farnsworth Television and Radio
Corp. Patent No. 547,074

RADIO RECEPTION

Radio Systems for Landing Aircraft
A radio glide path system -for land-

ing aircraft in which an intersecting
pattern is given by the radiation of ,

two frequencies and in which the
strengths of the two signals received
on an aircraft are cdmpared to give
an indication of the glide path. One
_comparison frequency is transmitted.
on a short wavelength, the short wave
radiation giving a square law pattern.
The other frequency is transmitted on
a relatively long wavelength, the field
contour lines of which are approxi-
mately vertical and vary inversely as
the distance from the transmitter.

-Standard Telephones and Cables,
Ltd., and H. P. Williams.
Patent No. 546,97o..

INDUSTRY

Protective Devices for X-ray
Apparatus

A device for X-ray apparatus to pre-
vent overloading of the X-ray tube. A
control condenser' is fitted in an auxili-
ary circuit to the transformer circuit
for the tube. The rate of charging
this condenser controls the current to
the tube by interrupting the supply
when the maximum permissible load-
ing has been reached.

-C. S. Norton and Messrs. Newton
and Wright. Patent No.
547,030.
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COMMUNICATIONS DEPEND    

Liquid
Silver
For Metallising
Mica Ceramic

Quartz etc.

Low Melting
Point Solder
and Solder in

Paste Form

MELTON METALLURGICAL
LABORATORIES LTD.

IPSWICH ROAD
TRADING ESTATE
SLOUGH, BUCKS.

'Phone : Slough 20992

RADIO
ENGINEERING

AND TELEVISION
Complete Postal Courses of
Instruction. Recommended
to all who desire to obtain
a thorough technical and
practical knowledge.

Apply

BRITISH SCHOOL OF TELEGRAPHYLTD.
179, Clapham Road, London, S.W.9.

(Estd. 1906)

LONDEX for RELAYS

Mercury Type Relay LQA
Ask for leaflet SPNIE0

L ONDE X LTD
20"-AANNEA'c RO

MANUFACTURE
DO'LOPN5ONFS'AIOLA' s1 s 000

BULGIN
FOR

SWITCHES

The best Radio and small Elec-
trical Switches in the world.
Every one is the finest of its
class, and the best for any job.
Snap -action, low and constant
contact resistance, reliable per-
formance for tens of thousands
of operations: all these are
permanent characteristics.
Over 100 types to choose from.

ON SMALL
PARTS....

IN countless instances quite
intricate pieces of apparatus

are wholly dependent on the
proved reputation and relia-

bility of their component parts.

All products from the House
of Bulgin are pre-eminent for
superior design and workman-
ship, and every article bearing
our Trade Mark has to pass
exacting and exhaustive tests
during the course of its

production.

We ask the kind indulgence

of the Trade on delivery until
peaceful conditions return.

" The Choice of Critics "

BULGIN
REGISTERED  TRADE  MARK

A. F. BULGIN L CO. LTD., BY-PASS RD., BARKING, ESSEX
Tel. Rippleway 3474 (4 lines)
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BOOK REVIEWS
Short Wave Wireless

Communication
A. W. Ladner and C. R. Stoner. 568 pp.
342 figs, (Chapman and Hall 35/- net.)
This is the fourth edition of this

well-known textbook, and contains a
great deal of new material and dia-
grams. Ultra -short wages are given
more extensive treatment and there
are short descriptive sections on
velocity modulated systems, the
klystron, and similar modern develop-
ments.

Naturally some of the red-hot de-
velopments in ultra -short waves can-
not be touched on, and we must wait
for the post-war edition for these, but
the book is an excellent introduction
to the better understanding of many of
the Service applications of short-wave
technique.

There is a good section on quartz
crystals, covering 32 pages which
covers the subject thoroughly and con-
cisely and all types of electron oscil-
lators including the magnetron, are
covered in the chapter under that
heading.

The concluding part of the book
describes examples of commercial re-
ceivers, mainly Marconi, and tele-
phone transmitters and circuits. Cal-
culations of feeder theory and a brief
description of valves for S.W. and

U.S.W. are given in the appendix.
One of the criteria of a successful

textbook is that it shall be known by
the name of its author (or authors),
and " Ladner & Stoner " has already
qualified in this respect.

Electrical Counting
(with special reference to counting a and
,6 particles). W. B. Lewis, 144 pp. with.
numerous line diagrams. (The Cambridge
University Press 10/6 net.)
This book is an account of, some of

the work on which Dr. Lewis was en-
gaged at the beginning of the war, but
the delay in publication has not de-
tracted in the least from the interest-
ing and well -written account of his
research and methods.

The reference to a and /3 particles
need not deter the electronic engineer
(who does not happen to be interested
in this application) from reading the
book, as many of the circuits are of
direct- value for wider applications.
Chapters 3-6 deal with the limitations
and design of high gain amplifiers,
followed by a chapter on mixing cir-
cuits, triggered circuits, and dis-
criminators. The description of the
recording counters includes one of a
scale -of -ten counter with cathode-ray
tuning indicators for showing the
state of the count.

One or two statements at the begin-

ning of the book are " dated "-for
example (p.21) " Many screen -grid
valves are now made with the grid
lead brought out separately at the top
of the bulb " . . . and the discussion
on p.27 et seq. takes no account of
the modett high -slope h.f. pentode.
These are minor points, for which
allowance will be made by the experi-
enced radio engineer, and do not alter
the value of the book as a guide to
electronic counting.

Introduction to Valves
including reference to C.R. Tubes.
F. E. Henderson. (Iliffe, for the
G.E.C. 4/6 net.)

The" title page states that this is a
manual for those who with little or no
previous experience, are called upon
to handle radio valves and cathode-
ray tubes. Mr. Henderson has covered
the subject admirably from electron
emission to inverse feedback in a little
over ioo pages, There is also a chap-
ter on voltage stabilisers and gasfilled
relays, and a bibliography of selected
references. The book should be ob-
tained by all laboratories using elec-
tronic devices as an aid to their work,
and will also be of use to students who
at the present time have no opportun-
ity for a thorough study of radio
theory before taking up jobs in the
industry.
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THE SUPERIORITY
OF

esrex
METHYL
BROMIDE

The overwhelming superiority of
Methyl Bromide is an established
fact, proved time and again by its
effectiveness in extinguishing diffi-
cult and dangerous outbreaks of fire
in industrial premises, works and
power plants. Extremely rapid in
action, non -damaging to materials,
Essex Methyl Bromide is available
in a range of fixed or mobile instal-
lations for either automatic or
manual operation.

Important information relating to the scientific
combating of FIRE will be found in "Industrial
Safety." Responsible exectitives are invited to
obtain from us a copy for their personal use.

abonai
FIRE PROTECTION
COMPANY LIMITED RICHMOND

Fire Protection Engineers
and Consultants

TEL RICHMOND 4°:%11YL 84-

0 FIRE

sF

COSMOCORD
CRYSTAL PICK-UP SERIES III

It is regretted that production is
severely curtailed and only very limit-
ed supplies are available through
existing channels.

Sole Selling Agents :

SALE TILNEY & CO., LTD.,
3, Lloyds Avenue,
LONDON, E.C.3.

'Phone: ROYal 4811.

SERVICE on
COSMOCORD CRYSTAL PICK-UPS

is maintained as hitherto.

Owing to lack of replacement parts
and shortage of labour it is regretted
that service on all other products
and apparatus must be discontinued.

THINGS TO COME-
HIGH FIDELITY REPRODUCTION

Are you interested?

If so, will you kindly forward your
name and address to

COSMOCORD, LTD.,
Service Department,

700, Great Cambridge Road,
ENFIELD, MIDDLESEX.
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If it is anything to do with short-wave radio
you are most likely to find it at Webb's. Not
that under present conditions we can supply
everything, or always everybody, but there
still is a very extensive (though short staffed)
service open to short-wave radio workers.
We can still supply practically any short-wave
component at our Retail Sales Department,
14, Soho Street, and we print alongside a selection
from the many items actually in stock.

Some other features of Webb's Service
SERVICE OFCOMM U NICATI ON RECEIVERS. We
can now give restricted service on all types of
Communication Receivers but it is essential to
communicate with us before despatching instruments.
SPECIAL PRODUCTS DEPT. This Department

offers very use-
ful facilities for
the construc-
tion of specia-
lised equipment
for transmission
and reception.
One of its re-
cent produc-
tions-a 75 watt
'phone and
C.W. Transmit-
ter is illustrated
on the left.

Circuit of
Band-pass
Crystal
Filter.

MORSE TRAINING EQUIPMENT. An excep-
tionally wide range of morse equipment is available.
Keys include the new American type at 8/6 illustrated
below as well as a variety of Bar Type Keys of standard
Post Office Pattern. Audio -Oscillators include a heavy
duty schools model (operated from A.C. mains) with
alternative outputs for 20 or 50 pairs of high resistance
headphones or for 2 loudspeakers. It gives a note that
is variable in pitch and volume and is priced at £7 10s.
complete with valves. A simple two valve audio -oscillator
for private use giving a 1,000 cycle note and driving two
pairs of 'phones is available at £2 5s. This model is
also A.G. mains operated. A wide selection of headphones
is usually in stock at prices from 17/6 to 57/6.

American Type Morse Key

BA NDPASS CRYSTAL FILTER UNITS BY
SIMMONDS AEROCESSORIES, LTD. The retail
distribution of these units is being made exclusively
through Webb's Radio. They are self-contained units,
occupy no more space than an I.F. Transformer and
are suitable for use with practically any well-known
Communication Receiver. The general frequency is
465 Kcs. but other frequencies are available to order.
They are extremely simple to install and phasing is
unnecessary. We shall be glad to send full technical
specification and details on request. Price I/-.

gtEX LEAD

A new selection

from components

IN STOCK
CONDENSERS
.00035 mfd. Tuning Condensers with

Slow Motion and Dial
3 gang .0005 Tuning Condensers

(Ceramic insulation)
Eddystone (Special) 15 mmfd. Band

Spread or U.S.W. Microdenser
Cyldon 20 mmfd. Air Trimmer

7'6

7/6

3/6

3/6
Cyldon 350 mmfd. Tuning Condenser

Ceramic Compression Trimmers, 250,
incorporating slow motion dial ... 7/6

450, 750 mmfd. and double 100
m mfd.

U.I.C. Trimmers and Fixed Con-
densers. All values available.

Aerovox 40 mfd. 200 volt Condensers
for Midget Receivers ... 6/6

Aerovox 321-32 mfd. 175 volts small 6'6
Dubilier .1 6,000 volt working ...
First Grade NSF Tubular Condenser,

.1 and .01 mfd. (350 volt) ... 6d.

MORSE PRACTICE
Battery operated audio oscillator type

BI, works on 2 volts only
Streamline Metal Key, U.S.A. pattern
G.P.O. Bar Type Practice Key
G.P.O. Bar Type Keys, first grade

finish (2 contacts) ...
G.P.O. Bar Type Keys, first grade

finish (3 contacts) ...
G.P.O. Bar Type Heavy Duty Operat-

ing Key (3 contacts)

27/6
6/6
8/6

17 6

22, 6

2816

MICROPHONES
Rothermel-Brush D.I04 Crystal ... 15/5/.
Rothermel-Brush D.I04 Crystal

with control switch handle E6/6/ -
Roth er mel - Brush D.I04 lapel

Crystal E2/10/-
Rothermel-Brush Crystal on heavy

desk stand ... MO/ -
Moving Coil, highest quality with

transformer ... MS/ -
Microphone Stands for M.C. Mike ... £2/2/ -

MISCELLANEOUS ITEMS
Push Back Insulated Flex (single),

Screened Braided Wire (finest
quality), per yard ...

Resistance Cord for A.C./D.C.
Receivers (100 ohms per ft.), per ft.

Potentiometers and volume controls
-all usual values from stock at ...

Midget type Centralab at ...
Collapsible Microphone Stands ...
4l in. Permanent Magnet " Rola "

Loud Speakers
Goodman 8 in. Permanent Magnet ...
Output Transformers for above,

tapped triode and pentode
A.G. Battery Chargers, output 2, 6

and 12 volts I amp.

9d.

2/-

4/6
5/6

42/-

18/9
15/-

5/6

45/ -

AMPLIFIERS
One of our specialities-High Fidelity

Amplifier equipment and com-
ponents. Linear response input
and output transformers.
Complete amplifiers :-

Webb's 30 watt A.C. operated E30/0/-
Webb's 30 watt Battery operated

E30/0/ -
(Both include microphone)

Additional charge of If. for postage and
packing on orders below 10/-

WEBB'S RADIO
14 SOHO ST., OXFORD ST., LONDON,W.I. Phone: GERrard2089. Hoursof8usiness.9a.m.-40.m.(Sats.9a.m.- I2noon).
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