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TAPE TRAVEL
—_—

NEW RECORDING

G
SPLICE
Fig. 5. Electronic ““ butt "’ splice of original and new video

recording.

ship to each other. To switch from one to the other
when entering the record mode would introduce
transients into the capstan drive signal which would
momentarily jerk the tape and cause mis-tracking
at the splice. Similarly, phase transients may occur
in the signal used to drive the recording head drum.
Therefore, when the recorder is used for electronic
editing, the servo-mechanisms are controlled so that
the same sources of drive signals are used when
entering the record mode as were used during play-
back. A 250-c/s oscillator is used to drive the head
drum and this oscillator is frequency locked at all
times to system vertical sync. The capstan is also
driven by an oscillator which, during playback, is
servo -controlled and, during record, becomes. free
running. Due to its time constants, however, no
short term phase shifts can. occur.

The third area requiring change for editing pur-
poses relates to the timing of the video erase and
video record currents. The erasing and recording
heads are separated by a distance of approximately
9in (Fig. 1). If the erasing and recording currents
were turned on together and subsequently turned
off together, a double recording would exist for
some 9in of tape at the beginning of the new scene,
and at the end of the scene there would be an
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Fig. 6 Waveform of electronic splice.
absence of recording on the tape for the same dis-
tance. To circumvent this, the “Editor” controls
the timing of the turn-on and turn-off of both
signals so that they are effective at the same point
on the tape. This timing is further controlled so
that the point on the tape may be represented by a
line drawn through the centre of the guard band
following the transverse video track containing
vertical synchronizing information. This line (Fig. 2)
may be considered as marking the location of elec-
tronic splice. Electronically, therefore, the splice
will occur during the vertical back porch. The
“Editor ” must therefore decide when the splice line
passes the erase and record heads, and turn on the
existing recording currents at these times. In order
to compute the delay which occurs while the splice
line moves up from the erase head to the record
head, a method has been developed which is shown
diagrammatically in Fig: 3. Timing is referenced
to a vertical gating circuit which operates at the
first frame interval following the operation of the
record button. At this time a vertical interval will
lie under the video record head and another vertical
interval will precede the erase head by some small
distance. These two vertical intervals are 15 frames
apart,

The operation of the vertical gate triggers a mono-

0° 33 (EXAGGERATED)

AUDIO TRACK
AREA -~

VIDEO ERASE HEAD

CUE TRACK
AREA  ~___

-

Fig. 7. Erase head for electronic editing.
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stable multivibrator which provides a 32 msec delay
at the end of which the erase current is turned on.
The splice line will have travelled up to the erase
head during the delay period and erasure will start
in the centre of the desired guard band as shown
in Fig. 4. Concurrently a binary counter system
counts off 15 frames from the original vertical gating
reference and then turns on the record current.
During the delay provided by the counter, the splice
line will have travelled along to the record heads
and the recording of the new scene will start im-
mediately following the guard band. The combina-
tion of the gated erase and record currents produces
a perfect butt splice as shown in Fig. 5. The
accuracy of the delay method is better than 0.05%,
and the preservation of all video blanking and syn-
chronizing information at a splice is shown in Fig. 6.
This figure is an oscillogram of the recorder output
waveform when a splice between two 625-line test
signals passed the replay heads.

The “Editor” has two modes of operation re-
ferred to as “insert” and “assemble.” In the latter
mode the unit may be used to add further material
to the end of an existing sequence and in this way
assemble a complete programme from individual
short scenes. The “insert” mode, on the other
hand, is used to introduce new material into the
middle of an existing tape.

In the “insert” mode, it is obviously necessary to

»

mode, a control track signal already exists on the tape.
This information would normally be erased by the
full width video erase head when recording. However,
a new head has been developed, shown in Fig. 7,
which has a separate section for erasure of the control
track. This section is disconnected when the “insert”
mode is selected. This means that although the
machine is switched to record, reproduction of the
control track continues, thereby retaining normal
servo control of the capstan oscillator, and avoiding
any possibility of control track phase shift.

The video erase head is of entirely new design
using only a half-turn in contact with the tape. It
has been found that improved erase efficiency results.
The gap is optically straight, has an electrical width
of 0.005in, and is inclined to the perpendicular at
an angle of 33 minutes of arc. This places the
erasure pattern parallel with the video record pattern.
The audio and cue tracks are not affected by the new
head; and, as mentioned above, erasure of the control
track is optional.

Fig. 8 shows a block diagram of the Electronic
Editor from which it will be noted that the unit is
composed chiefly of such logic modules as flip-flops,
binary counters, AND gates and one-shot multi-
vibrators. The functions may be traced from the
figure as follows:

Following initiation of the record mode, a delay
multi-vibrator provides 60 msec delay during which

make two splices per
operation and still main-
tain synchronism. The elen,  RECORD T0 RECORD RELAYS
- . -5 o- &
operation of making the
first (or in-going) splice
was described above. The
second (or out-going) is (‘l 3 Nere o)
made in a similar manner - g P
except at the end of the FLIP-FLOPY 1 AND" eATE " Xﬁgﬁ%‘é
measured time intervals,
the erase and record cur- <
rents are turr'}ed off in- o (2’) 10 ERASE
stead of on. This is per- FRAME PULSES RASE AMPLIFIER
formed with the same gre- > Y 1 ShESReE FLIP-FLOP Swich —>
cision as that of the first e, STOP 340usec 7\
splice. - <

However, during the re- 0] S sy ™
cording of the insert, the FLIP-FLOP V“AND"GATE g VARIABLE
capstan  oscillator  fre- QNE SHoT
quency is not controlled
and may drift slightly if ] -
the inserted material is of > (D)
considerable length. This “AND” GATE
in turn may cause a varia- —|
tion in the wavelength of
the recorded control track ! y
signal which would cause 5)) T0 RECORD
an abrupt shift in the FLIP-FLOP > SV,‘I"&?H
phase of the reproduced Y
control track signal at the A
out-going splice.

A possible solution to —— (4 2sec 2%;‘&2{25
this problem would be to - AND cATE pELAY [
employ a phase correction
system in the capstan os-
cillator output circuit in 10 AUDIO
the record mode. This, BINARY (#) CIRCUITS
however, would be ex- *| counTers ™| FLIP-FLOP >
tremely complex. The solu-
tion adopted utilizes the
fact that, in the “insert” Fig. 8. Block schematic of the Electronic Editor.
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Ban the Reciprocity Theorem

THE SOURCE AND POINT OF OBSERVATION MAY
BE INTERCHANGED WITHOUT AFFECTING THE RESULT

THE subtitle, neatly packaged, is a formal state-
ment of the Reciprocity Theorem and is taken from
Volume 1 of Communication Networks by E. A.
Guillemin (John Wiley). Here too may be found
a proof which, in the author’s words, “owes its
elegance and simplicity entirely to the determinant
method of solution, without which it would be
exceedingly difficult.” “ By means of the deter-
minant method it follows directly from the almost
trivial fact that the common branch between meshes
7 and k is the same as that between % and 7.”

The basic theorems of network analysis are the
foundations of all our circuit work, even though we
often leave them unformulated while we are using
them. When, for example, did you last think con-
sciously about the Superposition Theorem, yet how
long could you get along without assuming it to be
true? From time to time, therefore, it seems to be
a good idea to take a careful look at these basic
ideas, rather in the way that the owners of motor
cars take their machines in to have the steering wheel
covered in black grease and the wheel nuts loosened.
It is, by the way, rather interesting for an electronics
engineer to notice just how often the mechanical
engineer expects maintenance. If you average 25
m.p.h. it only takes 200 hours to cover 5,000 miles,
only 2,000 hours to cover 50,000 miles. Just try to
sell a motor manufacturer a piece of electronic
equipment which needs a major service every 200
hours and must be regarded as pretty well worn out
after 2,000 hours, 50 weeks at 40 hours a week.

Network Analysis

1 am aware that network analysis is a pretty dry
sort of topic and that for those of you who have spent
the day over a hot soldering iron the temptation to
turn over to read that other chap may be enormous.
The only point is that with a little thought you can
save yourself the job of making and unmaking
a good few joints. Better still you can usually do
the thinking in a more comfortable seat. Even
better, what I have to say will be news to some of you,
even to at least one Wireless World author who I
should not dare to identify even if the Editor agreed.
(No, not him, he knows as much as Jowett.)

Network analysis deals with a delightful abstrac-
tion called a general linear passive network, which is
made up of a number of meshes linked together.
Each mesh may contain inductance, capacitance and
resistance. Mutual inductance makes its appearar.ce
with positive or negative sign when we consider that
meshes may be coupled together by any of our basic
elements. We have a simple, logical, closed system
and we are well on the way to the Reciprocity
Theorem.

What we usually do at this stage is to label two

WIRELESS WORLD, SEPTEMBER 1962
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of the meshes. In practice they get their labels very
early on, because the labels are simply ““ Input ” and
“ Qutput ’, and the rest of the network is smartly
bundled into a black box and the lid slammed down.
A view of this box, which is never photographed, is
shown in Fig. 1. The directions shown for the
currents are not, to my mind, the most generally
convenient, but they do happen to fit in rather well
here. The transistor equivalent circuit papers must
have made everyone aware that there is almost no
limit to the ways in which we can inter-relate the
V’s and I’s. For our purposes the most convenient
form is the so-called impedance form:

V1=z11 I1 ‘|'le Iz
V2:ZZI I,+Z,, 1,

We can measure the values of the Z’s very easily.
Suppose that we force in a current I, and make I,
zero by leaving the terminals open. Now we measure
V, and V, and immediately we can calculate Z;;=
V,/1, and Z, =V,/I,. Starting again with a fixed
I, and I,=0 we can find Z,, and Z,,.

Provided that the Reciprocity Theorem is true
there must be another equation connecting the Z’s.
Consequently there are really only three independent
terms and so we can assume the contents of the black
box to be the three impedances atranged in T-form
shown in Fig. 2. When we now perform the
experiment of forcing in I; we find that V,=2Z, 1,,
so that Z,=Z,, and that V,=(Z,+Z,) I, so that
Zn=(Z,+Z,), or Z,=(Z,;—Zy). Forcing in I,
gives us Z,=Z,, and Z;=(Zy,—Z,,).

Thrown up by this operation is the result Z,,=Z,,,.
which is not too surprising when you look at Fig. 2.
Remember, however, that we only drew Fig. 2
because we had assumed that there must be a
connection between the Z’s. If the Reciprocity
Theorem is true, this equality is a statement of it.

Notice, by the way, that you may not be able to.
produce a real network in just this T form: the Z’s
may turn out to need negative inductances or

I 1,

_—
o— ———o0

Tvi VZT Fig. I. A Black Box.
o —o

Fig. 2. The lid is lifted.
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capacitances. This is a topic quite outside our
present field of study.

Let us now ignore the Reciprocity Theorem and
consider a black box which we know has no resistors
init. The test for this is to put a thermometer in the
box and apply currents or voltages: our ideal box
shows no temperature rise. We can immediately
see that at any instant the total power supplied must
be zero, since once power is supplied it turns into

I I
pnalll

] 7.
i

heat and cannot be turned back again inside the box.
If we call the instantaneous values of the voltages
and currents by lower case letters we have

Fig. 3. An anti-
reciprocal box in use.

V; 1+v, 1,=0

For this to be true, we could have
i = —ni,
and v,="v,
n

These are the equations for an ideal transformer,
which is a perfectly normal element of our system.
As all its parameters are infinite it is a little untidy,
but the infinities still give us Z,,=Z,,. Suppose we
£0 back to the basic (though now instantaneous)

v=Zy 1:1 +Zy, 1:2

Vy=Zyy 1y +Zg9 1

Now put v, i;+v, i,—0 and we have

Zn Z.124‘(212 +Zzl) il 7y +Zzz Z'22 =0 )

This is to be true for any values of 7, and 7,, so
we must have

Zy,=0,Zyy=02and Z,,--Z, =0

or Zyp=—Zy

Put that in your T-network and smoke it.
basic equations reduce to the form

VIZZH I,

2=—2Zy, I

One’s first temptation is to say that there just
ain’t no such animal. Well, perhaps there ain’t,
but if that is so, it is necessary to invent it. This may
seem rather odd to the practical man, which only
goes to show that he is not really practical.

5

The

Anti-Reciprocal Box

Let us look back. We have said that our business
was with linear passive constant networks and that
most of our work is done with these and active
elements like valves and transistors. In the course
of exploring the rules of the network game we have
found that one rule, the Reciprocity Theorem, does
not have to be true. There could exist a network for
- which, in fact, one would find anti-reciprocity., We
must consider whether this is of any value and
whether it is practicable,
First of all we shall assess the value of the anti-
reciprocal box and to do this I make use of the rather
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simple circuit shown in Fig. 3. Let us write Z,=S8
for the box itself, so that for the complete network
of box plus resistance we have

Vi =RI1+(R+S)12
V.=®R —9S8)I, +RI,

We can choose S to have any size we like at this
stage since we have not yet decided that the black
A-R box is anything more than a figment of our
imagination. Choose, then, that

S=R
and we see that

V, = RI, + 2RI,
V, = + RI,

If we force in a current I,, we obtain a voltage of
2RI, at the left-hand terminal pair: if we force in a
current I, we get absolutely no voltage at the right-
hand terminal pair. The system of Fig. 3 is thus a
one-way network, passing signals from right to left
but blocking them completely from left to right,
Notice that these are signals, of quite a general form,
so that it is not a question of putting in a rectifier;
a rectifier is not a linear element anyway. Notice
also that there is not any energy source inside the
box, because the input and output energy are in
instantaneous balance; the box does not contain
any valves or transistors. We are, after all, dealing
with linear passive networks.

Practical Gyrator

You will agree, I hope, that a device of this kind
has many applications: all that remains to be seen is
whether it is practicable. This article is about the
Reciprocity Theorem and black boxes, not brass
boxes, so I do not propose to describe the ways in
which the gyrator, for that is what we have been
discussing, can be realized. ILet me just say that you
can make a unit containing no active elements which
apart from the losses associated with any practical
circuit gives us the characteristic we want, 1 think,
though no one has ever shown me a proof, that you
must have a permanent magnet inside the box,
but a permanent magnet is not an energy source.

The gyrator is not just another passive circuit
clement: it is the other passive circuit element.
It has been shown theoretically that the set of five
elements, capacitance, inductance, resistance, the
ideal transformer, and the ideal gyrator will permit
us to make any linear constant passive network.
There are no loose ends lying about. Oddly enough
this benefits the chap who does not g0 much on
theory, because he is the one who ignores the loose
ends until they trip him up, and then retires, not only
hurt but confused. .

The price we have paid for this clean-up is not
really very high: we have demoted the Reciprocity
Theorem from its position as a basic idea of network
theory to a rule which only applies in the absence
of one kind of element. We threw it away for trans-
mission through the ionosphere a long time ago
because the electrons moving in the earth’s magnetic
field gave us, though we did not say so, gyrator
action. Now we can compress this action with a
lump of a ferrite in a waveguide the gyrator is, in
every sense, within our reach. Always remember,
therefore, that if you can only achieve a result by
relying on the Reciprocity Theorem you are only
achieving a limited result.
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New

IMPROVED HIGH-FREQUENCY RESPONSE

lN the past many phase-splitters have been investi-
gated and the reader would be quite justified in ask-
ing why a further circuit has been developed. The
answer is quite simple in that the performance of
high-fidelity amplifiers may be no longer limited
by the output-transformer but by the response of
the phase-inverter. With the best transformers
available this is very true, and the improvement in
amplifier performance that is obtained by using
better circuits is quite startling.

In order that the reasons for discarding the pre-
sent circuits may be seen, it is essential that all
the requirements of the phase-inverter be first
evaluated.

The first requirement of all phase-inverters is that
they should deliver an output that is balanced to
within a few per cent and does not alter as the valves
age in use. Most of the phase-inverter circuits in
use have this property, but the paraphase-inverter
(Fig. 1) does not, as there is no negative feedback
to stabilize the gain of the stage.

The second requirement is that the output-impe-
dances from both halves of the phase-splitter should
be approximately equal. The reason for this is noth-
ing like so obvious at first sight. In fact there are
two reasons for this requirement. The first is that
severe grid-blocking can occur if the amplifier is
accidentally over-driven (ref. 1). This can be over-
come by using high-value grid stoppers but this gives
an additional high-frequency time-constant due to
the input capacitance of the following stage. As will
be mentioned later, this gives a very undesirable
tendency to h.f. oscillation when high values of nega-
tive-feedback are applied. The second disadvantage
is that the drive to the two output valves may un-
balance severely at high frequencies due to the
different time-constants produced. This will have
the effect of severely limiting the h.f. power available
and will also increase the h.f. distortion. The two
circuits that suffer from this drawback are the float-
ing paraphase (Fig. 2) and the concertina (Fig. 3). In
both circuits the valve loads that drive the output

Re Ry
OUTPUT 1 OUTPUT 2

»HT+

Vi

INPUT

BALANCE
OUTPUTS

HT-

Fig. I. Basic circuit of paraphase phase-splitter.
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Phase-Splitter

By A. R. BAILEY*, m.Sc.(Eng.), A.M.LE.E.

stage are balanced, but unfortunately the output im-
pedances are not balanced. This is due to the voltage
negative-feedback inherent in the circuits. This nega-
tive-feedback overcomes the problem of valve ageing
mentioned before, but brings the disadvantages that
have been just mentioned. In addition, these cir-
cuits are not readily d.c. coupled to the previous
stage. This is a severe disadvantage where large
amounts of feedback are contemplated, as the addi-
tional low-frequency time-constant of a further
coupling capacitor can easily cause instability at low
frequencies.

Up to the present it seems to have been generally
assumed that these were the only circuits to be
avoided, if at all possible. Unfortunately this has
proved not to be the case and the cause of the
distressing tendency of high-feedback amplifiers to
go unstable can often be laid at the door of the
phase-splitter. The reason is quite simply one of
poor h.f. response. A poor h.f. response in the phase-
splitter will cause a falling loop gain, but what is
more important it will also give a phase shift that
tends towards 90 degrees retard. Now, if there is a
total of 180 degrees retard at some high frequency, the

* Bradford Institute of Technology.

—HT+

HT—

Fig. 2. Basic circuii of * floating "’ paraphase phase-splitter.

> HT+

OUTPUT 1

HT—

Fig. 3. Basic circuit of direct-coupled concertina phase-
splitter.
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—HT+
Re
OUTPUT 1
)
\4l
el S R
_ -== OUTPUT 2
INPUT
- H T~

Fig. 4. Basic circuit of Jeffery’s high-gain phase-splitter.

feedback will no longer be negative but positive. If
the gain round the amplifier loop exceeds unity at
this frequency then the amplifier will oscillate. Even
if the loop gain is below unity then the amplifier
may go unstable with even quite short leads to the
loudspeaker due to the capacitive loading placed on
the amplifier. Indeed it has been stated by Crow-
hurst (ref. 2) that the effect of near instability is
<quite audible and the amplifier gain margin should
be at least eight times if this effect is to be inaudible.

For this reason it is essential that all phase shifts
that can be removed should be removed : either com..
pletely, or at least as far out of the way as possible.
Here it might be well noted that the use of grid
stoppers in feedback amplifiers is to be deplored
unless they are absolutely necessary. Many parasi-
tics have been caused rather than stopped by them!

Two circuits that suffer from excessive h.f, phase
shift are shown in Figs. 4 and 5. Fig. 4 shows the
circuit due to Jeffery (ref. 3) and it is unnecessary
to go into the details of the phase shift in this cir
cuit again. The interested reader is referred to the
correspondence following the publication of a sub-
sequent article (ref. 4).

The circuit shown in Fig. 5 is well known and
‘widely used but the fact remains that its h.f. response
is relatively poor. This cannot be due to the second
half of the valve as this section is effectively driven
as a grounded-grid amplifier. The trouble is due to
the first half of the valve and is due to that hardy
perennial—Miller effect. The gain of this first valve
is effectively halved due to the input impedance at
the second valve cathode. Even so the Miller capaci-
tance is quite large and certainly cannot be neglected,

In order that some estimated value of frequency res-

ponse can be obtained, some typical values will be
taken. Using the ECCS83 as a typical valve, the
quoted anode-to-grid capacitance is 1.6 pF so the
total value will be certainly as large as 2.0 pF when
writing and base capacitances are taken into account.
‘The gain of each half of the valve can be as much
as 60. times, but this would be better reduced to a
factor of 50 as there is a supply voltage loss in the
common-cathode resistor. The overall gain will
therefore be about 25 times when used in this phase-
splitter. This will give a reflected Miller capacitance
of approximately 50 pF, so the total capacitance load-
ing on the previous stage will be about 60 pFif 10 pF
is allowed for all other capacitances. With a 100 k(2
source impedance this will give a —3 dB point at
about 25kc/s, and this is clearly not good enough
when output transformers with primary resonances of

412

about 150 kc/s are considered. The phase shift of
the amplifier circuits must be as small as possible
where the output transformer reaches its first pri-
mary resonance; and therefore the bandwidth of this
type of phase-splitter can easily degrade the total
amplifier performance. The use of a step network
across the anode load resistor of the driving valve
can help in this matter, but only if the step starts
well before the natural fall-off frequency of the
circuit itself. In the case just considered this would
mean starting the fall-off of amplifier gain by the
step network at approximately 2.5 kc/s or lower.
This would obviously give excessive reduction in
loop gain at the high frequencies, with consequent
increase in distortion.

The answer therefore lies in producing a fall-off
at the h.f. end of the spectrum that starts at a much
higher frequency. This could be attempted by
reducing the value of the output impedance of the
previous stage. This could be done by negative
feedback with consequent gain loss; or alternatively
by using a smaller value of anode load resistor. This
latter also gives a severe loss in gain, quite apart from
the increased noise that is produced by the increased
valve current. The answer was therefore seen to
lie in producing a phase-splitter that did not give
the large input capacitance of the previous circuit.

Circuits are known (e.g. ref. 5) that do give good
h.f. response in phase-splitter service, but they suffer
from high cost due to the complexity of the circuitry
involved. The circuit that was finally evolved (Fig.
6) has a cost that is only slightly more than that of

—> KT+
QUTPUT 2
——
INPUT

»>HT=

Fig. 5. Basic circuit of long-tailed-pair phase-splitter,

~HT+
QUTPUT 2
—>——
INPUT
—HT-

Fig. 6. Basic circuit of modified long-tailed-pair phase-splitter.
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This has a built-in 3:1 low-

28 I

| LT T T

frequency step network

MODIFIED LONG-TAILED-PAIR (USING ECF82) \

24

which improves 1f. stability,

and a 20:1 hf. step network.

~
=

The h.f. network may need
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quencies and. other para-
meters.

This circuit was originally

_ OVERALL GAIN (dB)

developed for improving the

performance of the Radford
MAI12 and MAI15 amplifiers

ES

and certainly did this to
great effect. Equally there

is no reason why the circuit

0
100¢/s lkels 10ke/s

FREQUENCY

Fig. 7. Relative gam/frequency response curves of original and
phase-splitters.

the conventional circuit, but has a greatly improved
response at high frequencies.

The operation of the new circuit is just about
identical with that of the conventional long-tailed
pair except that the first valve is a pentode. This
reduces the Miller effect to negligible proportions
and increases the total bandwidth by a factor of
just under ten times. Even allowing that the gain of
the circuit is about 2 dB less than the conventional
circuit, this still gives a gain/bandwidth improve-
ment of about seven times. The comparative gain/

frequency plots are shown in Fig. 7, where it is seen

that the final rate of fall in both cases is identical
at 20 dB per decade. This indicates an ultimate
phase shift of 90 degrees which was borne out by
measurement. ' ‘

Owing to the partition of valve current in the
pentode, the anode load resistor is made somewhat
greater than that of the triode stage so that a
balanced output is obtained. The circuit can be
d.c. coupled to the previous stage as can the usual
one, and a complete “front-end” for driving the
output valves of an amplifier is shown in Fig. 8.

should not give a consider-
able improvement in the
stability of other amplifiers
using good output trans-
formers. The circuit is
simple and stable and has
no difficulty in providing drive for the largest output
valves.

A double-pentode having video amplifier char-
acteristics and low input capacitance would enable
greater overall gain to be obtained, but so far the
author has not been able to find a valve with suitable
characteristics. If such a valve were available, then
the overall gain could be increased by a factor of
about four times. Where sufficient spare stability
margin was available this could lead to a further
reduction in the distortion of the amplifier in use.
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1. High Fidelity Sound Engineering, by N. H. Crow-
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2. Why do Amplifiers Sound Different, by N. H.
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B.B.C. European Service

SINCE 1953 some of the programmes of the B.B.C.’s
European Service have been broadcast by the West
German 100-kW medium-wave transmitter at Oster-
loog, near Norden. In April this station closed down
and its wavelength (1295 kc/s) is now being used by
the B.B.C.’s 150-kW transmitter at Crowborough,
Sussex, which previously radiated the European Service
on 1340 kc/s. A new 5-kW transmitter at Brookmans
Park, operating on 1340 kc/s, has also been brought into
service by the B.B.C. for the European Service.

Two LT.A. Stations Open This Month.—The
Channel Islands and West Wales will have independent
television programmes this month. Transmissions begin
on Saturday, September Ist, from the Fremont Point,
Jersey, station and programmes will be broadcast on
Channel 3 (horizontal polarization) by the Authority’s
programme contractor, Channe]l Television Ltd. Two
weeks later, on September 14th, programme trans-
missions will begin from Presely, Pembrokeshire. The
latter station is the nineteenth to be completed by the
LT.A. in just over eight years. It will broadcast on
Channel 8 and the signal will be horizontally polarized.
Later this year it will be joined by the Llyn transmitter,
in Caernarvonshire, and by the Moel-y-Parc station,
near the borders of Flint and Denbigh. Programmes
for these three Welsh transmitters will be provided by
Wales (West and North) Television Ltd., Cardiff.

Purchase of telecommunications equipment by the
G.P.O. under bulk supply agreements with the principal
telecommunication manufacturers has recently been
under review and the Postmaster-General (Mr.
Reginald Bevins) has announced revised arrangements.
The Post Office is to purchase all cable and loading
coils as from April next by competitive tender. The
P.M.G. is also proposing that, when the telephone
apparatus agreement comes to be renewed next April,
provision should be made to increase the proportion
of orders that may be placed outside the agreement from
10% to 25%. Mr. Bevins stated that there is no mono-
poly position in the sphere of exchange equipment and
the existing arrangements would continue.

Amateur TV Convention.—The sixth convention of
the British Amateur Television Club will be held in
the Conway Hall, Red Lion Square, London, W.C.1,
on September 8th, from 10.0 to 7.0. Amateur-built
television equipment will be on show and in the evening
there will be a series of lectures including one on colour
television by G. B. Townsend, the club’s president.
Admission costs 5s (2s 6d after 2 o’clock).

International Radio Communications Exhibition is

the new title of the Radio Society of Great Britain’s

annual amateur radio exhibition, until now more
familiarly known as the Radio Hobbies Show. As
announced in the July issue the venue has been trans-
ferred to the Seymour Hall, Seymour Place, Marble
Arch, London, W.1 (October 31st-November 3rd).
Exhibition organizer is again P. A. Thorogood (G4KD),
of 35 Gibbs’ Green, Edgware, Middx., from whom
further details may be obtained.

Noise and vibration measurement is the subject of
a five-day course to be held by the Royal College of
Advanced Technology, Salford, 5, Lancs., from Sep-
tember 10th-14th. Course fee is £5, and enrolment
forms may be obtained from the College.

)

“The Darlington Connection.”—It is regretted that
a transposition of Figs. 2 and 3 occurred in this article
in our August issue. The circuit having a direct con-
nection between collectors is properly Fig. 2.
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For AILEE. and LR.E. read LE.E.E.—The
American Institute of Electrical Engineers and the
Institute of Radio Engineers are to merge their
activities into a new Institute of Electrical and Elec-
tronic Engineers, which is to begin functioning on
January 1st next. Both institutes held separate mem-
bers’ votes on the merger and each returned 7-1
majorities in favour. With 55,156 eligible to vote,
ALE.E. said 29,464 favoured and 4,381 voted against
merging. In the case of ILR.E. 67% of the 66,152
eligible members voted. In favour were 879 (36,221)
and opposed were 13% (5,489).

British Aerial Standards Council.—Aerialite, Anti-
ference, Belling & Lee, J-Beam, Telerection and Wol-
sey are the founder members of this new council. They
have “mutually agreed to set and adhere to standards
for technical performance and construction, for do-
mestic radio and television aerials, including those for
communal systems.” B.A.S.C. is affiliated with the
R.E.C.M.F. and has offices at 21 Tothill Street, Lon-
don, S.W.1.,

London Audio Festival 1963 is to be held from
April 18th to 21st, inclusive, and the venue will again
be the Russell Hotel, Russell Square, London. R. W.
Merrick (Ferrograph) continues as chairman of the
exhibitors’ committee, which comprises representatives
of Acoustical, Armstrong, E.M.IL., Ferrograph, Good-
mans, Leak, Lowther, Rogers and Tannoy,

A.P.AE. Manchester Symposium.—The Association
of Public Address Engineers has arranged for a p.a.
symposium and supporting exhibition to be held on
Sunday, September 16th next, from 2.15 p.m., at the
Queen’s Hotel, Piccadilly, Manchester. Further details
from the Association’s secretary, Alex J. Walker, at
394 Northolt Road, South Harrow, Middx.

National Exhibition Centre.—The Federation of
British Industries has issued a report covering the
proposed construction of an exhibition centre at Crystal
Palace, London, at a cost of £12M. It provides for
three exhibition halls (with an overall area of 900,000
sq ft) each with an associated conference hall, a large
open air display area and parking for nearly 9,000 cars.

Southall Technical College offer for the 1962/63
session part-time day courses, at City & Guild’s Cer-
tificate intermediate and final levels, in telecommunica-
tions, radio and television servicing, electronics servic-
ing, and instrumentation. Classes comunence on Sep-
tember 24th, and further details are available from
the College at Beaconsfield Road, Southall, Middx.

Medway College of Technology, Chatham, Kent,
bhave planned with the co-operation of S.T.C., four
transistor courses for the coming session. Each course
is of ten evenings’ duration.

‘Comparative figures for U.K. imports and exports during the first six

months of 1961 and 1962 which have been extracted from the Board of
Trade Accounts (June).

BALANCE OF TRADE

Imports (EM) || Exports (EM)
1961 1962 1961 1962
Valves and c.r. tubes 2.36 2.32 5.35 5.30
Transistors ... 0.53 0.85 — _—
Domestic and car radio ... 0.47 0.80 1.31 0.71
Television sets ... — — 0.66 1.75
Communicaticn and Navaids 278 3.50 10.85 | 11.55
Broadcasting transmitters —_ — 0.42 0.36
Saund reproducing equipment ... —_— —_ 0.56 0.63
Components ... — — 7.77 7.27
Other radio apparatus 2.80 2.58 1.16 1.99
Electro-medical equipment 0.85 0.94 0.21 0.25
Industrial electronics 0.65 1.07 1.15 1.16
Scientific instruments 1.40 2.10 3.88 4.47
11.84 | 14.16 || 33.32 | 35.44
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Amateur Exam Courses.—Details of courses to be held
during the coming session in preparation for the Radio
Amateurs’ Examination have been received from the fol-
lowing:—Bradford Technical College, Bradford 5, Wed-
nesdays at 7.0; Bristol Technical College, Ashley Down,
Bristol 7, Mondays at 6.45 and Wednesdays at 7.0; Ilford
Literary Institute, Cranbrook Road, Ilford, Essex, Wed-
nesdays and Thursdays at 7.15 with morse on Mondays
at 7.30; and Northwood Evening Institute, Potter Street
School, Northwood Hills, Middx., Mondays at 6.30.

Wandsworth Technical College, London, S.W.18, is
holding a number of special one-year evening courses
beginning in September. They include:—“Transistors »
(Tuesdays and Wednesdays); “Inspection of Electronic
and Light Electrical Equipment ” (Thursdays) and
“Electronic Measurements » (Fridays). The fee for
each course is 50s.

Technical courses (full-time, part-time and evening)
in various aspects of telecommunication engineering,
radio operating, servicing and electronic instrumentation
are listed in the 1962/63 prospectus received from the
Norwood Technical College, London, S.E.27.

Correction to “ Bootstrap Follower Characteristics.”—
On page 323 of the July issue, an error appeared in the
expression for peak gain, in which C, and C, were
transposed.

Three new filmstrips intended for training student
electronic engineers and Services trainees have been
released by the Mullard Educational Service. Their
titles are: “ Amplification and Amplifiers: Parts V and;
VI1.” (Further additions to the series covering all aspects
of this subject), “Transmitters,” and * Aerials.” All
three strips are available now from Unicorn Head Visual
Aids Ltd., 42 Westminster Palace Gardens, London,
S.W.1. Price 25s per strip, including comprehensive
teaching notes.

SEPTEMBER MEETINGS

LONDON

21st.  Television Society.—Discussion on the Pilkington
Report at 7.0 at the Cinematograph Exhibitors’ Association,
166, Shaftesbury Avenue, W.C.2.

26th. Brit.I.R.E.—Discussion on the Pilkington Committee
Report at 6.0 at London School of Hygiene and Tropical
Medicine, Keppel Street, W.C.1.

29th.  Electronic Organ Constructors’ Society.—~Demon-
stration of organ built by P. Vickery at 3.0 at Northern Poly-
technic, Holloway Road, N.7.
BRISTOL

11th. Television Society.— Pilkington Report ” by R. C.
Harman at 7.30 at the Royal Hotel, College Green.
LEICESTER

17th. Television Society.— Vision tape recording ” at
7.30 at the Leicester Technical College.

News from Industry

Mazda and Brimar Service—Thorn-AEI Radio
Valves & Tubes Ltd. have merged the service organiza-
tions of their Brimar and Mazda Divisions. F. H. Cook
has been appointed service manager for the new joint
organization and is located at the Valve Sales Depart-
ment at Brimsdown, Enfield, Middx. This department
serves the entire U.K.

Dansette Products.—Group profits for the year ended

March 31st last totalled £425,074 and compare with
those of £316,497 for the previous year. After taxation
the net balance is £181,917, against £138,715. Sales
in the first quarter of the current year have been
maintained, and the company’s first tape recorder is
announced.

Dubilier Condenser Co. (1925) Ltd.—Chairman,
F. H. McCrea, reports that the net profit for the year to
March 31st was £90,619 compared with £102,054 for
the preceding year. Referring to the new plant for
making new types of tubular paper capacitors, he says
the initial results are “most encouraging”® and that
Dubilier are now ready for large-scale production. The
company has issued a brochure celebrating 50 years of
service to the electrical and electronics industry.

Telefunken G.m.b.H., Berlin, report that sales in
1961-62 increased by about 7% to DM 741M as against
the previous year. Referred to domestic business alone,
the quantity of sales rose by 13%, in respect of value
however by 10% only to DM 576M. At approximately
DM 165M exports amounted to 22% of total sales, a
slight drop in comparison with last year.

Thorn Electrical Industries Ltd.—Group trading
profits for the twelve months period to March 31st last
amounted to £5,062,039 as compared with £4,113,907
for the previous year. After all charges, including taxa-
tion, the net profit is £2,154,737 (£1,548,769).

The Toroid Division of Aveley Electric Ltd., South
Ockendon, Essex, has.been registered as a separate
limited company and is now operating and trading at
the above address under the name of Avel Products Ltd.

416

Cossor Research Laboratories.—Typical of work
being carried on at the new research and development
laboratories of Cossor Radar & Electronics Ltd., offici-
ally opened at Harlow, Essex, on July 6th, is the
development of a new secondary radar airborne trans-
ponder. When the first models become available in
November their use will enable air traffic controllers on
the ground to be automatically presented with important
flight information not provided by conventional primary
radars. Airborne transponders within range will be
“interrogated” by a radar transmission from the
ground, and will reply by transmitting any of up to
4096 information codes. Previously only 64 codes have
been available. Cossor, pioneers of secondary radar,
claim to be the only company outside the U.S.A. who
can supply a complete secondary surveillance radar
system.

KEF Electronics Ltd., the company formed by R. E.
Cooke, has arranged London showroom facilities for its
range of loudspeakers and the ADC pickup. This has
been effected in conjunction with Expert Gramophones
Ltd., at the latter’s premises at 82 Kensington High
Street, London, W.8. (Tel.: Western 0037.) Demon-
strations can be arranged by appointment. KEF Elec-
tronics has head offices at Tovil, Maidstone, Kent (Tel.:
Maidstone 55761). .

Denham & Morley Ltd., importers and distributors
of radio and electrical goods, of Denmore House,
173-175 Cleveland Street, London, W.1 (Tel.: Euston
3656), have added the French Sonolor range of transistor
radio receivers to their list of agencies, which now in-
cludes the Japanese Standard and German Akkord
ranges of transistor radio receivers in addition to Butoba
tape recorders and accessories.

Aerials and associated electronic equipment for a new
$2M U.S. Naval Radio Station at Thurso, Caithness, is
to be supplied by RCA Great Britain Ltd. The station
is due to be operational by June, 1963.

CTH Electronics have moved from Cheshunt to
premises at Burford Works, Burford Street, Hoddesdon,
Herts (Tel.: Hoddesdon 4798).
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Murphy To Close Factory.—Murphy Radio has
announced that its factory at Hirwaun, the industrial
estate at Aberdare, Glamorgan, where 600 are employed,
will close at the end of the year. A statement said:
“There are now more production facilities than can be
used at the present time, and it is essential to achieve
economies.” The factory, which once employed 1,000,
was set up 15 years ago.

I.C.T.-E.M.I. Computer Deal.—Electric & Musical
Industries Ltd. and International Computers & Tabula-
tors Ltd. announce that the data processing activities of
E.M.L. Electronics Ltd. have been merged with the
I.C.T. organization as from July 24th. These arrange-
ments do not cover analogue computers or computers
designed for process control purposes. E.M.I. is
developing and will also sell a special range of basic
components for computers.

S.T.C.’s Northern Ireland Plant.—The Prime Minister
of Northern Ireland, Lord ‘Brookeborough, welcomed
“the beginnings of an important new industry” in
Ulster when he officially opened the first factory of
Standard Telephones & Cables (Northern Ireland) Ltd.
at Monkstown, Newtownabbey, on July 25th. This
“advance factory,” employing over 300 people, was pro-
vided by the Northern Ireland Development Council to
enable S.T.C. to train staff and to build up production
facilities in readiness for its main 280,000 sq ft factory
now under construction nearby. This is due to be com-
pletely occupied by the end of 1963, when some 2,000
people will be employed there.

The Dutch Philips concern now has a total of 215
factories in operation in 31 countries in all parts of the
world, according to the latest annual report. Statistics
indicate that television receiver business (18% of total)
is the. most important single field of operation for the
Philips organization.

Elliott-Automation has formed a subsidiary company
in Luxembourg in which it is proposed to concentrate
and develop the group’s main interest in the Common
Market. The new company, Elliotr-Automation Con-
tinental S.A., has a capital of 400M Luxembourg francs,
and its chairman is Sir Leon Bagrit with Dr. Lawrence
L. Ross as managing director.

Elac record players, record changers, and stereo
ceramic and crystal pickup cartridges, manufactured by
Electroacustic G.m.b.H., of Keil, Germany, are now
available from the High-Fidelity Centre (F. C.
Mitchell), 61 West Street, Dorking, Surrey (Tel.:
Dorking 4229), who are now the sole British agents.

Recordacall, manufacturers of a fully integrated tele-
phone answering equipment of that name, have been
taken over as a wholly owned subsidiary of the Radio
Rentals group. Recordacall equipment will be installed
on a rental basis and the rental will cover all installa-
tion, servicing and maintenance charges.

Largest television studio to be used by the British
Broadcasting Corporation—Studio 1 at the White City
Television Centre—is to be equipped by E.M.L Elec-
tronics with eight 4iin image orthicon cameras and
associated equipment. Special feature of the cameras
is the provision for changing the line standard by remote
control from 405 to 525 or 625 lines. Studio 1 is
scheduled to be opened in the summer of 1963.

A low-noise receiver, forming part of equipment to be
used in the tracking, telemetry reception and frequency
measurement of transmissions from deep space probes,
is being supplied by G. & E. Bradley Ltd. to the Uni-
versity of Manchester.

Davy-AEI Automation Ltd. has changed its name to
Steelworks Automation Ltd., with effect from July 23rd.
'CI:‘Il'lxe hgompany’s ~address is Booth Hall, Knutsford,

eshire.
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OVERSEAS TRADE

Radiotelephone equipment has been supplied by
Associated Electrical Industries Ltd. to the Indonesian
Post, Telegraph and Telephone Department, to supple-
ment facilities available to the press representatives
attending the Asian Games which commenced in Djar-
karta on August 24th. Associated with A.E.I. in this
project were Redifon Ltd. and the contract was valued
at over £86,000.

Belgian Government ships on the Dover-Ostend car
ferry service are now fitted with additional Decca radars
of a special type to assist them in berthing in low visi-
bility. The aerials of these radars are specially sited
aft to give a clear view astern and the equipment will
assist the ships in the difficult stern-to berthings they
have to make at each end of their run. The radars are
of the type originally developed for Rhine navigation.

V.H.F. communication equipment to the value of
£250,000 is to be supplied to the Swedish Govern-
ment by British Communications Corporation Ltd., a
subsidiary company of Radio & Television Trust Ltd.

The two largest tankers afloat, the 88,500-ton dead
weight Naess Champion and Naess Sovereign, built at
Nagasaki by the Japanese Mitsubishi Shipbuilding
Company for the Anglo-American Shipping Co. of
Bermuda, have been fitted with main radio installation,
direction finder and Escort radar equipment by Asso-
ciated Electrical Industries Ltd.
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A Microwave Radio Network to provide long-distance
multi-circuit telephone and television transmission links to
cover most of Greece is to be supplied by Standard Telephones
& Cables Ltd., London, to the Hellenic Telecommunications
Organization (O.T.E.). The total route length is over 500 miles,
in 17 radio *‘ hops,”’ 9 of which involve over-water paths requir-
ing the use of the latest type of STC space diversity equipment.
Future expansion of the network with a view to linking up with
the Eurovision television system is catered for, and the equipment
will provide initially two working broadband radio channels and
one standby channel in the 4,000 Mc/s frequency band.
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MODULATION METER

By H. B. DENT*

SIMPLE TEST SET FOR MONITORING MOBILE A.M. TRANSMITTERS

0NE method of measuring the depth of modula-
tion in an amplitude-modulated transmitter is by the
use of an oscilloscope.t Either the modulated carrier
can be examined using a suitable time-base fre-
quency and a pick-up circuit, such as that shown in
Fig. 1(a), or the combined arrangements of Figs. 1
(a) and (b) can be employed without the oscilloscope
time-base. The first-mentioned method provides
an oscilloscope pattern of the modulated carrier
which under ideal conditions takes the form of Fig.
2(a). The second arrangement gives the so-called
“trapezoidal ” pattern as in Fig. 2(b), where the

AERIAL
COUPLING UNIT

TRANSMITTER o
PA. © COAX CABLE ( Y ;
VERTICAL
4
PICK-UP
Loor @
MODULATORS
Rz
f ' (HORIZONTAL)
PLATES
+

Fig. |. Arrangement for checking modulation in an amplitude-
modulated transmitter with an oscilloscope. With (a) an
external sweep oscillator is required. Circuit (b) can be
used in place of external sweep oscillator, but amplifiers
should not be used in the oscilloscope. Values for Ry, Ry and
C are suitable for low power transmitters of 500/600 volts
working.

relative amplitudes ¢ d (unmodulated carrier) and e f
(modulated carrier) provide a measure of the depth
of modulation.

With full, or 100%, modulation, using the circuits
of Fig. 1 (a) and (b) in combination, an oscilloscope
pattern as illustrated in Fig. 2(b), but with the whole
of this triangle illuminated and its apex resting on
the x axis should result. Under these conditions the
distance e f should be twice ¢ d. Less than 100%
modulation gives a truncated triangle as shown
shaded in Fig. 2(b): over-modulation is charac-
terized by a pattern such as Fig. 2(c) with a bright-
line extension of the apex of this triangle. Various
other patterns may appear on the cathode-ray tube
if distortion of one kind or another is present in
this transmitted signal.

This cursory description of checking the modula-

* Amateur station GZMC.

+ Detailed description can be fourid in R.S5.G.B. Amateur Radio
Handbook.
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tion of a transmitter by means of an oscilloscope
serves two purposes. It shows that there is a
fairly reliable means of checking and calibrating the
performance of the compact modulation meter to be
described and also exemplifies the type of equipment
otherwise required in order to obtain comparable
data on the modulating conditions obtaining in a
transmitter. The numerous snags likely to be en-
countered when applying the oscilloscope method to
v.h.f. transmitters have not been discussed, but they
can be extremely troublesome and difficult to cir-
cumvent.

It was principally these difficulties that led to a
search for a compact, portable and self-contained
test set, which would be easy to handle and which
could be conveniently used with mobile and port-
able transmitters. It was preferable to have no
direct electrical connection to the transmitter and
no reliance on either power supplies or batteries.

The writer remembered seeing the circuit of a
modulation test set some years ago that appeared to
fulfil all these requirements, but the details had been
forgotten and could not be traced. As remembered,
the basic principle of the meter is that the un-
modulated carrier is first tuned in on a simple built-
in receiver and the d.c. component arising from the
rectification is indicated on a milliammeter. The
carrier is then modulated from a tone source and the
modulated signal, which now appears after the.de-
tector, is itself rectified and its d.c. component, in-
dependent of the r.f. carrier d.c. component, indicated
on a second milliammeter. The ratio of these two
independent d.c. components is a measure of the
depth of modulation.

With these brief facts as a guide a meter was con-
structed which functioned in a most satisfactory way
and with later improvements and additions is shown
in Fig 3. In this circuit one milliammeter serves
for both r.f. and a.f. measurements, switch S, chang-
ing the meter over to the appropriate points in the cir-
cuit. One very important condition must be observed
and this is that no alteration in the coupling between
the test meter’s pick-up aerial and the transmitter
must occur between the r.f. and a.f. measurements.
However, this is not difficult to observe.

Switch S, is included to enable either “upward”
or “downward” modulation of the carrier to be
checked, and jack ], is included so that aural monitor-
ing of the transmitted signal can be effected merely

e =

c Pe— '
, d . D
@ (b) ©

Oscilloscope pattern (a) is produced using circuit
arrangement of Fig. l{)) Patterns (b) and (c) are obtained
with combination of Fig. I(a) and (b). In (a) the peak of
modulation is 100%; in (b) about 50%, while (c) illustrates
over-modulation.

=i

Fig. 2.
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National Radio Show Guide

WITH a preview for overseas visitors and specially
invited guests on August 21st, the 29th National Radio
and Television Show opens to the public at Earls Court,
London, on the 22nd for ten days.

A stand-by-stand survey of the technical exhibits,
prepared from information provided by the exhibitors,
1s given in the following pages. This, together with the
list of exhibitors and plan opposite, should provide a
useful guide for those attending the show. For those
- unable to visit the exhibition it is hoped that this will
give a general picture of the show which will be supple-
mented by next month’s review of the trends in sound
and television receivers as exemplified at Earls Court.

It is essentially an exhibition of domestic sound radio
and televisicn and some 50% of the 84 exhibitors are
manufacturers of domestic equipment. The remainder
include the Services, G.P.O., B.B.C., I.T.A,, publishers
and those providing services for the industry.

A “Television Avenue,” has been re-introduced this
year. Here, on the first floor at the west end of the
hall, five manufacturing groups are demonstrating 14
brands of colour receiver. They are Thorn (Ferguson,
H.M.V. and Ultra); Pye Group (Dynatron, Ecko,
Ferranti, Invicta, Pam and Pye); Rank (Bush and
Murphy); Kolster Brandes (K.B.); and Philips (Philips
and Cossor). The receivers are fed with a 625-line
signal, with negative modulation and f.m. sound, trans-
mitted by line from the B.B.C, studio at Lime Grove,
The carrier frequencies are 48.25Mc/s vision and
54.25Mc/s sound (European channel 2). With the
Government pronouncement of the adoption of the 625-

line system and the eventual use of the uwhf. bands,
manufacturers are featuring convertible and/or switch-
able 405/625 monochrome television receivers.

The technical services provided for the demonstration
of receivers on the stands and in the demonstration
rooms are even more elaborate than in the past. In
addition to the 625-line colour signal mentioned, there
is a 625-line v.hf. and uwhf. service providing both
sound and vision. The channels being used are Euro-
pean and 11 and 25 (216-224 and 502-510 Mc/s). The
signal levels are 1 mV on channel 11 and 5 mV on
channel 25. The service providing the signal for the
demonstration of 405-line receivers (U.K. channels 4
and 11) is also supplying sound signals for the three
v.hf. sound programmes of the B.B.C. There is also
an a.m. service for medium- and long-wave receivers
by inductive coupling.

Several composite features have been mounted by the
organizers (Radio Industry Exhibitions Ltd.) including
one comprising transistor receivers, another educational
television and the third featuring export receivers. An
innovation this year is the introduction of a small sec-
tion on the first floor devoted to manufacturers of elec-
tronic organs. Nearby will also be found some of the
piano manufacturers who have been participating in the
radio show for the past few years.

Although physically it is a smaller exhibition than in
the past, it would appear from information to hand—
and there are bound to be last-minute disclosures—that
the exhibition is none the less the focal point of the radio
industry.

ALPHABETICAL LIST OF EXHIBITORS

Alba 46 G.P.O. ... 316 Peto Scott Electrical Insts. . 22
Alberice Meter ... 34 Garrard Engineering 68 Philips Electrical ... . 52, XI0
Audix ... 8l Portogram Radio ... e 77
B.B.C ” Hacker Radio ... 55 Pye 2, X11
BRC. .. .. .. 3,12 X6 1A . 303 R.A.F. 307
BarclaysBank ... .. .. 4 jyicta Radio | R.G.D. 56
Bird, Sydney S. 315 R.S.G.B. e ... 318
graste%lBrOS- ) g:g Keith Prowse 73 Radio & Television Services 25, X8
BU;EER ;‘ctronlcs... i %Iz Kembie & Co. 308 Rediffusion Vision .41, 69
u adio , Kolster-Brandes ... 20, X2 Regentone Products ... .. 5l
cs. 7 Roberts’ Radio e 32
eele Labgear ... 24 X7 Rola Celestion ... .21
Choiceview . 38 ’ Roval
Co-operative Wholesale Soc. ... 10 ,t?:gszgﬂgf\t: gg oyal Navy 312
Cossor Radio & Television 57, X13 Lloyds Bank 58 gI'A'Gb'E'R' 3;3
Lowther Manufacturing Co. 78 Slingsby ...
D-T.V. Group & g Stella Radio & Television 47
Daystrom 15 Markovits 62 T.C.C 13
Domain Products ... 26 Martins Bank 9 l.cc .. "
Dynatron ... .. .. 48 Xl4 Mercantile Credit Co. 33 Tape Recorders (Electronics) ... 75
Metropolitan Police 301 Teleng .. 44
E.AR. 79 Midland Bank ... 37 Territorial Army ... 311
EML gy Mullard . ... 16, 59, X12
Econasign ... 27 Multicore Sqlders... 54,67 Ultra Radio & Television ... 19
Ekco Radio & Television ... 40, X9 Murphy Radio L
Electronic Technology 28 . L Vidor 53
Encyclopaedia Britannica... ... 45 National Provincial Bank .. 8
Ever Ready . ... 31,XI16 Newnes .. .. .. .. 4 Westminster Bank .. .. 7
Nicholas Luard Associates 70 Wireless & Electrical Trader 28
Ferguson Radio Corp.... 30, 304, X5 Wireless for the Bedridden 74
Ferranti Radio & Television 18, X3 Odhams Press ... 72 Wireless World 28
Fidelity Radio 5
- Fountain Press ... 63 Pam Radio & Television ...6, X4 Zender 309
Fund for the Blind 317 Perdio Electronics ... 29 Zonal Films 80
422 WIRELESS WORLD, SEPTEMBER 1962

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

www americanradiohistorv. com


www.americanradiohistory.com

in this case is divided into three “B” level sections,
with “C?” level sub-divisions as follows:—

Materials Testing Principles Property

Bricks Damping Coating thickness
constant/Q.

Coal Eddycurrent Corrosion

Concrete Elasticity/ Curing

electro-dynamic
Gamma ray
Magnetic etc.

Cracks
Porosity
Strength etc.

The appropriate combination is selected by the
abstractor according to the contents of the abstract.
For example, an article on “non-destructive testing
of concrete by damping constant measurements in
order to detect porosity,” would be detected by using
the three code groups found opposite each subject.

To cope with the varying logic of users of the
system, all “ C” level subjects were also listed alpha-
betically in the index as, for instance, “ Bricks—non-
destructive testing of,” “Cracks—non-destructive
detection of.” The need for this becomes evident
by posing a question such as “if porosity is of in-
terest, will a searcher invariably look under non-
destructive testing?” If the answer is no, then
alphabetic classification is also necessary.

Ceramics etc.

Mechanical Handling of Cards—Exclusive Sec-
tions.—The idea of sectionalizing the cards is attrac-
tive from several points of view, particularly if their
number becomes large. For instance, if there are
10,000 cards (and this.is the number that we con-
sider may exist in the forseeable future), it would
be convenient to concoct 10 categories such that
there were about 1,000 cards per category. When
retrieving, the searcher’s attention would be directed
to a drawer holding one category of cards and the
1,000 cards would be sorted in two packs of about
500—this being a conveniently handled quantity.
The operation is quite rapid particularly if a “key-
sort selector ” (Fig. 3) is used. Such a device is
particularly useful if a number of needles are used
when sorting.

Two ways of arranging the categories come to
mind; first, by the classification of all materials under
10 broad subject headings; secondly, by sectionaliz-
ing according to abstract content. For the latter
method only three categories can at present be
conceived—® Electronic ~ Circuitry,”  “ Electronic
Arts ” (circuitry incidental), and “Allied Sciences.”

If any kind of sectionalization is decided upon
each category must be mutually exclusive, so that
any card can be held in one section only, without
ambiguity. If a particular article covers subjects
which have been allocated different sections, then
separate cards must be made out to be held in each
section.

Once again we are confronted with the possibility
of ambiguity due to human logic. This is not a
“private ” system; classifiers and searchers may
come and go. It was therefore considered desirable,
at least during the early stages of operation, not to
sectionalize, but to bear in mind the possibility of it
as the system grew. All cards in the system must
therefore be sorted for every retrieval.

To this end (and for a very useful occasional
review of effectiveness) it was decided to maintain
a record of the “transactions” of the system during
its early operation, A pattern of “ mutual exclusive-
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Bandpass Filters (Passive) 07 03 13 14
Bandreject Filters 04 18 21 09
Barretters 02 10 12 05
Batteries, Accumulators, Standard Cells
01 25 17 16
Bibliographies, Classification and
Retrieval, Libraries 05 24 19 15
Blindness, Aids for 06 28 20 10
Blocking oscillators
General 22 22 11 03
Nanosecond 12 08 29 23
Sawtooth waveform generators, as 09 27 01 04
Transformer design 07 17 28 09
Bolometers 14 06 24 19
Boolean Algebra 26 11 02 01
Bootstrap circuit (General, Specifically) 21 15 08 13
Bricks, Testing of 15 01 28 16
Bridges
Bridged T 27 10 04 18
Campbell ) 05 22 16 29
Comparison 23 15 19 03
Detection/Balance Techniques 06 17 12 08
General 11 07 16 20
Hay 29 25 12 02
High Resistance Measurements for 26 27 14 03
Impedance, universal 19 28 08 17
Inductive Ratio Arm 25 24 18 20
Limit Resistance 10 06 13 11
Low Resistance measurements for 23 05 15 14
Owen . 03 29 13 18
Schering 27 09 29 16
Twin T 02 16 22 20
Wagner Earths 06 17 12 08
Wheatstone 26 01 04 19
Wien 07 23 24 04

ness” may then emerge to form the basis of effec-
tive sectionalization.
A section of the index is shown above.

Coding Subjects.—Direct, sequence, selector, and
random superimposed coding were considered. For
subject coding the latter appears to be the most
suitable, bearing in mind the size of the cards, the
number of holes available, and the number of
subjects, which was over 1,000 and might increase.
It therefore became necessary to consider the impli-
cations of Table 1, given in the early part of this
article.

An analysis of several hundred typical references
showed that 55% contained one subject of interest,
289 two subjects, 14% three subjects, 3% four sub-
jects with a negligible percentage above four.

For a pack of 10,000 cards made up of references
having the above mentioned subject composition,
the unwanted drops will be as in Table 2 below.

If sectionalization is to take place when the
number of cards exceeds, say 3,000, then the above
situation would be acceptable. If, however, it is
assumed that sectionalization will never take place,

TABLE 2
No. of sub- Average No. of unwanted cards dropping
jects in ref. of | no. of need-
interest les required| Four Three Two ©One Total
to retrieve | Sub. Sub. Sub. Sub.
4 13 <1 <l <l <i <l
3 10 <l <l <l - <1 <l
2 7 <lI < <l <l <
| 4 78 10.78 364 <1 22approx

Number of unwanted cards dropping out of a pack of 10,000 cards
when composition of pack is 55% 1 subject cards, 28%, 2 subject,—
14%, 3 subject, and 3% four subject.
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Fig. 4. Example of a completed card.

and that perhaps one day the number of cards will
exceed 10,000, then a drop out of 22 unwanted cards
every time a one-subject search is conducted might
be considered unacceptable. In this case the
remedy is to limit the number of subjects per card
to three, and make out two cards for abstracts
embodying more than three subjects.

We decided to adopt random superimposed sub-
ject coding and, as soon as mutually exclusive
sections become apparent, to confine certain cate-
gories of cards to labelled drawers so that there will
never be an embarrassing number of drop outs.

It will be appreciated that the unwanted drop
outs of Table 2 will only be correct for random
distribution. If most of the abstracts deal with a
relatively small number of subjects—and this
tendency is likely to exist—then the number of
unwanted cards may under certain conditions
increase. This may well lend force to the need for
sectionalization.

Coding Other Concepts
1. Author’s name.

This is coded by the 7, 4, 2, 1 sequence code, in
three separate fields, using one letter per field for
the first three letters of the author’s name, or the
initial letter of the names of the first three authors
in the event of multiple authorship. The code is
A=1, B=2, etc., the alphabet being split into two
halves. When “N-Z” is slotted N=1, O=2, etc.
2. Year.

Two fields of a selector code are used for the
decade and the year.

3. Composition and common variables

Direct coding is used.

Example of a complete card.—A card is shown in
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Fig. 4. The cards are supplied by the manufac-
turers with all holes punched and all information
shown in the outside margins printed on every card.
The abstractor writes or types in the abstract, marks
the holes to be slotted, then sends the card to the
system operator who slots the marked holes.

In the example shown three subjects have been
coded. The groups are also written on the card by
the abstractor; this is to facilitate the task of differ-
entiating between wanted and unwanted cards when
hand sorting.

Acknowledgments. The writer would like to
thank members of the staff of Cawkell Research
& Electronics Limited, in particular Mr. R. Reeves,
and of the staff of Dawe Instruments Limited, for
much valuable assistance in devising this system.

Correction.—Line 18, left-hand column of page 356
of the previous issue should start “slotting 20 into
Fig. 1(b) .. .”

Receiver/Recorder Connections

RECOMMENDATIONS drawn up jointly by the
British Radio Equipment Manufacturers’ Association
and the Audio Manufacturers’ Group include circuit
connection points in the receiver or radiogram, sockets
and plugs, wiring, arrangements for paralleling the
channels of a stereo radiogram for use with a mono
recorder, additional resistors to avoid harmful inter-
action between the two units, and input and output
sensitivity requirements for the tape recorder. Free
copies of the recommendations (“ Connections between
Tape Recorders and Radio Receivers ) may be obtained
from the secretary of B.R.EM.A,, 49 Russell Square,
London, W.C.1.
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AMONG
STABILISER

z:-}."i;.«:u:.’ 5
SRR
Sronaay
288 "':‘.3:’::?3,1'::"" s R R53
I I I E N EW The newly-introduced 12E14 is pre-eminent
among stabiliser valves—in performance,
design and construction. It is based on the
well-known and successful 12E1 and has the
same unique electrical characteristics, but it

£ ~ has considerably improved mechanical
I S 0 U T s TA N n I N G features. In the 12E1 the anode electrode was
: connected to a top cap while the 12E14 is of
single-ended construction with the anode
connected to one pin of an International
Octal base. The 12E14 is very much more
compact, more convenient for paralleling,
easier to install and more rugged.
You can gauge its fine performance from the
details in the table, together with those of
other AEI stabiliser valves.

2

r3E12—a low impedance 12€14 13E12 11D12 11E14
version of the 13E1—gives Heater voltage ’ volts Vh 6-3 260130 . 63 63
159, more current under Heater current ames In 18 13 28 22 12
o
stabiliser (triode connected) ~ABSOLUTE MAXIMUM RATINGS N
, ¢ . It ) Anode voltage w.  volts Va(man 800 800 250 5kV
operating conditions. It is Screen voltage ... volts Vg2 (max) 300 300 - 500
also suitable for servo Control grid voitage w.  we .. VOlts Vgt (max) —100 -100 - ~300
amplifier applications. Anode dissipation wo e e watts Pa (max) 35 90 013 coction 10
Screen dissipation watts Pg2 (max) S 10 - 3
Anode plus screen dissipatio watts Pa+ g2 (max) - 95 — —_
Cathode current ... mA Ik (max) 300 800 125 4A
11D12—a low mu power Resistance between grid & cathode...  MQ Rg1 -k (max) - - 10 -
double triode with (cathode bias)
oubte trioae wi Resistance between grid & cathode...  kQ2 Rgt -k (max) . - 100 -
separate cathodes—is for (fixed bias) v 200 . .
; - 20 00 00 -
use as a series regulator Heater to cathode voltage volts h—k (max) e %
valve in d.c. power Peak inverse voitage (booster) W kV PV (max) — - 30 —_
supplies, in servo CHARACTERISTICS
icati A 1t olts \ 150 150 — 100
apphcatlons orasa node voltage v 2 at Vg =150V at Vg2 =150V at Vg2 =130V
booster triode. Anocde current ..y we ' e MA Ia 200 600 125 120
B at Vg1 =235V per section
Mutual conductance ... mAIV gm 14 25 7-¢ 145
Amplification factor ... S - 28 20 -
Inner amplification factor (g, to g,) ... Uyt - g2 53 — -
11E14—an output beam L=
tetrode—is for use as a DIMENSIONS & BASING v s o .

. Overall length .. mm - 103 110
series regulator valve as Seated height .. . . .. mm - 93 128 885 95
well as a pulse modulator — piameter .. .. .. .. .. mm - 4“4 65 435 32
and radar and TV Base - - - . -_ 10 B7A io 10
scanning valve, *Puise modulation ratings. Pulse duration 1us, duly factor 0-001

Associated Electrical Industries Ltd
- Radio Components Department PD16

155 Charing Cross Road, London WC2

Telephone: GERrard 9797 Telegrams: Sieswan Westcent London
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for all who plan
Radio Communications
systems

REDIPLEX by
REDIFON

the answer to medium distance
multi-channel communications
problems

REDIPLEX gives you 4 voice-frequency channels (speech, teleprinter,
facsimile or tone) on one r.f. pilot carrier on a low or medium-power
radio link at a cost far below that of other ISB systems. Multi-channel
ISB communication becomes thoroughly economic for the first time
on low-power radio links.

REDIPLEX is available as separate transmitting or receiving terminals
or as an ISB drive system,

Find out more about REDIPLEX. Full technical particulars are
available on request.

ﬂgdi[b” LIMITED

Communications Sales Division,

BROOMHILL ROAD, LONDON, S.W.18 - TEL: VANdyke 7281 A manufacturing company in the Rediffusion Group.

RED/RED 1
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Turntahle Rumble and

Pickup Arm Design

By J. WALTON*

ADJUSTING THE MASS AND COMPLIANCE TO PROVIDE BUILT-IN FILTER ACTION

DURING the past two or three years one or two
pickup arms have appeared on the market with
various refinements and improved principles of con-
struction, some of which principles were described
in an article in Wireless World, June 1959 (p. 269).

In spite of the above, however, one important
principle, that of relating the arm to the particular
pickup head, has often gone unheeded or unnoticed.
Articles have appeared describing methods of re-
ducing turntable rumble, yet the fact that this can
primarily be determined by co-ordination of arm
and pickup design seems to warrant a further dis-
course on the subject.

Now the bass response range of a pickup is deter-
mined by the combined effective mass of the pickup
arm and head, resonating with the compliance of
the stylus movement, according to the relation

fo=1/27# MC where f, is the bass resonance below
which the response of the pickup falls off rapidly,
and M and C are respectively the combined effec-
tive mass of arm plus head and stylus compliance.

Bass Resonance Adjustment

If the resonance is arranged to be just at the
lower limit of the recorded range (see Fig. 1) it will
also usually be found to be above the range of the
most troublesome rumble frequencies, and improve-
ments of some 10 to 20dB can often be obtained
in the signal-to-rumble ratio. Of course the reson-
ance should be adequately damped, and some crystal
pickups have sufficient mechanical resistance (not
stiffness) in the stylus movement to achieve this
without further trouble, whilst some magnetic pick-
ups will require a fairly large amount of damping
(resistance, not friction) to be incorporated in the
pivot system of the arm.

It should be mentioned that whilst such damping
to the pickup stylus movement may affect the ulti-
mate tracking capability of the pickup in the mid-
audio range, it need not impair its performance
under the most stringent practical conditions re-
quired of the pickup (see Fig. 2). The inclusion
of damping at the pickup arm pivots could, on the
other hand, encourage the transmission of vibration
from the turntable and deck to the pickup head.
This can be understood if one considers turntable
and deck to have vibratory motion in relation to
one another as also described by other authors, the
resistance at the pivots then providing transmission
for vibration, according to its velocity, to the arm
and head (in relation to the disc and stylus). On the
other hand, damping in the head tends to negate this
process.

*Decca Record Co,

WIRELESS WORLD, SEPTEMBER 1962

Since the masses involved in this fundamental
bass resonance are large compared to other func-
tional masses in the pickup, surprisingly high
“Q’s™ are approached and surprisingly sharp cut-
off curves (about 24 dB/octave) are usually obtained,
which could otherwise necessitate complex rumble
filter arrangements. Apart from the “mechanical
poetry” of integrally in-built mechanical rumble
filters arrangements, another advantage of elimin-
ating the effect of rumble at its source of excitation
is to improve the tracking capability of the pickup
and to reduce any tendency (sometimes experienced
at very low tracking weights) of the rumble to
“modulate ” the required music signal. Rumble
is seen by the pickup mainly as a vertical signal
which from even a moderately good turntable may
be as high as to be equivalent to 1 cm/sec at lkc/s
and, if the pickup is undamped and with its bass
resonance at a rumble frequency point, this effect
can be magnified several times.

Now following from the above it would be possible
to achieve a better arrangement still if the inertia of
the head and arm could be arranged to give a higher
cut-off frequency in the vertical mode than the
lateral. This is, in fact, permissible since not only
does low-frequency vertical motion on a stereo pick-
up produce out-of-phase signals that should produce
no net output under normal listening conditions
(long wavelength in relation to room size or loud-

-
T - UNDAMPED BASS RESONANCE
2L -

= 10 ,' \‘Az

g [

2 45 L —_ A

5 JAN B
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e RUMBLE OUTPUTS
i o
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=2 .

g -2t ~
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a T i0 20 50 100 200
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Fig. 1. Curve sketches show effect of position and damping
of bass resonance in relation to reproduction of rumble in
pickup output; i.e. with bass resonance at A (20c/s) the rumble
level a; may be only a few dB below a recorded level corres-
ponding to | cm/sec at | kc/s or may be higher (ay) if resonance
is undamped at Ay ; whilst with the bass resonance at a higher
frequency B(40c[s) a reduction of over 15dB can be achieved
in the reproduced rumble level (b).
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RECORDED VELOCITY IN d¢B (RELATIVE TO lcm/sec)
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Fig. 2. The low-frequency track-
ing limitation is set by the
maximum recording amplitude,
the upper-frequency limitation
by the modulation curvature,
where this ~reduces to the
stylus radius (0.0007in), and the
middle-frequency limitation by
the conception that the lateral
recorded velocity should not
exceed the linear groove velocity
for normal stylus-groove rela-
tions to continue. The relative
tracking ability is given as the
reciprocal of. the stylus impe-
dance, compensated in the
upper-frequency section for the
increasing proportion of damage
to the groove modulation in
relation to the decreasing ampli-

. EFFECT OF
DECOUPLED” STYLUS

lcm/sec——so

1000
FREQUENCY (c/s)

speaker spacing) but it must be remembered that
two out-of-phase low-frequency pressure waves are
in fact no pressure change at all, so that modulation
from such cannot appear on a true stereo recording
(long wavelength in relation to microphone spacing).
Thus low-frequency vertical (out-of-phase) signals
should ideally be non-existent, and partly out-of-
phase low-frequency signals should produce only
the required components of lateral modulation.

The above required difference between lateral
and vertical low-frequency range of a pickup is
often achieved to a worth-while extent because its
vertical compliance is usually lower than its lateral
compliance. The arm described in Wireless World
for June 1959 (p. 269) achieves a further worth-
while improvement by offering a lower inertia in its
vertical than its lateral mode. This is accomplished
through its freedom to rotate about the main longi-
tudinal axis of the arm itself, thus providing a par-
tial inertia “bye-pass” in the vertical direction, as
described in that article in relation to the stability
of the arm.

Compliance Rates Design

Apart from the above method of altering the ver-

tical/lateral mass ratio of the arm, it is obvious that
the ratio of the vertical to lateral low-frequency
response ranges can be determined also by design
of the ratio of stylus compliances in the vertical and
lateral planes. It would thus appear that whilst high
compliance even also in the vertical plane is ex-
tremely desirable (see Wireless World, July 1960,
p. 342) the vertical compliance should, to ensure
least rumble trouble, be related to the lateral com-
pliance so as not to be greater than necessary (see
Fig. 3). Experience of comparative recorded levels
suggests that the ratio of vertical to lateral compli-
ances can be up to 1 to 3 without loss of tracking
capability, provided that care is taken to see that the
mechanical impedance curves of the pickup still
follow the inverse of the tracking requirements for
optimum performance in the 45° mode (as well as
in the vertical and lateral modes, see Fig. 2).

It should be mentioned in this connection, how-
ever, that the compliance of a pickup in the most
important 45° mode is often not much more than 13
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10,000 20,000 tude. :

times the lesser compliance where the vertical and
lateral compliances are widely different (see also
Fig. 3).

Thus with higher compliance pickups now be-
coming more and more common, it is seen that
lighter and lighter arms are also required if these
pickups are not to be more troublesome than need
be due to rumble. I contend that.it is cheaper,
easier, and also more advantageous to design the arm
“correctly ” in the first case rather than try to design
a turntable and mounting giving less rumble. In
support of this are here presented results of com-
parative measurements between two of the “better ”
pickup arms and heads now available (see Fig. 3).

I would also mention that whereas the new light-
weight crystal and ceramic pickup heads start their
development with their gross weights in the region
of 3 to 4gm, magnetic pickup heads after many
years of development still have weights in the region
of 10 to 15 gm. Unless, therefore, some drastic
change can be made in the construction of magnetic
pickups, it would appear that the new crystal and
ceramic pickups will be more suitable to the era
of elastic-region tracking, provided that their cart-
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Fig. 3. Curves show both lateral and vertical bass responses
of the same pickup in two esteemed pickup arms, and how
the reduced inertia (particularly in the vertical mode in this
case) of one of these arms (B) causes |1dB less reproduction
of rumble, without prejudice to its ability to reproduce any
““real ”’ components of bass modulation from 28 c/s upwards.
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions

The Boucherot Effect

MR. J. F. YOUNG (August issue) states that the fact
that the Boucherot effect can occur in electronic circuits
tends to be overlooked. I would suggest that in fact
electronic engineers, like Chicago pork-butchers, use
everything but the squeak. The circuit described and
named after Boucherot is a special case of a much more
general pattern, a pattern which is familiar and which
gives us a good many applications.

Consider the circuit of Fig.'1. This is simply a length
1 of transmission line having a characteristic impedance
%0 and propagation constant o For this circuit we

ave

V;=V, cosh al — I, Z, sinh ol
I = —V, 21_ sinh ol + T, cosh

expressed by his correspondents

When we terminate the line with the impedance Zr we
have Vo=Zzl,. I do not propose to go right through the
analysis here but it is well known that for a quarter-wave
line without dissipation we get the results

Vo/Vi = —jZn/Zo and I,/Vy = —j[Zo
from which we see that the input impedance must be
Z2/Zr. The equation I,/V; = — j/Zo is, of course, a

statement that if V; is constant I, depends only on Zo
and not at all on Zr.

Let us not consider applications at this stage, but go on
to one lumped equivalent. If we take the system of
Fig. 2, we know that we have Z2 = L/C and a =
(—w2LC). This result applies, of course, to a line
without dissipation. When we consider the simplest
lumped form working well below cut-off we can use
either of the circuits shown in Fig. 3. For the quarter-
wave line we must have a = j, since a in the pass-band
of the non-dissipative case is the phase constant, and for a

L L
I -— I, 2 2
— Oj [—0 —_— - - —-
¢ .
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quarter-wave line this is 90°. This gives us the condition
w2lLC = 1 and Z, = wol., where w, is the frequency at
which the circuit is A/4.

An alternative way of cutting up the circuit is shown
in Fig. 4 and it is this form which is generally regarded as
the Boucherot form. I cannot lay hands on an active
circuit diagram at the moment, but a good many v.h.f.
receivers use the arrangement shown in Fig. 5 at the
input. This is the Boucherot network in action, trying
to force constant current into an unresponsive grid and
generating (in a loose sense) a lot of volts in the process.
Fig 6 comes from a description of a 500-kc/s transmitter
in the Mullard Transistor Manual (p.211) and is a #-net-
work widely used for matching transmitters to aerials. Fig.
7 is a very elementary circuit diagram for the Doherty
amplifier. When the valve V, is cut-off the Boucherot
network transforms the local impedance before it is
presented to the valve V;. Full descriptions are given in the
textbooks.

Fig. 8 shows another familiar form. Since the voltage
at the right-hand end is zero the current at the left must
also be zero. The quarter-wave stub used as a feeder
support is one of the long-established applications.

The ideal transmission line does nothing to a signal
but delay it. The properties which we see in this applica-
tion are the result of the delay between the signal trans-
mitted and the signals reflected and re-reflected. An
important approximation is therefore the all-pass delay
network shown in Fig. 9(a), which can be drawn in an
unbalanced form as Fig. 9(b). This is, of course, only
one of the many available equivalents.

We do not always want to work with a single frequency
and we can broaden the bandwidth of the Boucherot
effect by the device indicated symbolically in Fig. 10,
the stepped transmission line. It is tempting to suggest
that the wide-band 90° networks used for Hartley modula-
tion systems could be used, but the costs of that are too
high to give results of any value, I suspect.

The Boucherot effect, like the Ferranti effect, appears
tome to be simply a special solution ofaspecial transmission
line equivalent. The underlying principle is widely
used. If we base our study of this type of network firmly
on the concept of a 90° phase shift or of a quarter-wave
line we can deal much more easily with the problems
which arise when the voltage source has a finite impedance.

London, W.8. THOMAS RODDAM.
The author replies:

I would like to thank Mr. Roddam for confirming my
suspicions of wastefulness in Chicago abattoirs and

elsewhere.
J. F. YOUNG.

Television Line Standards

NO one has suggested that the definition of a 625-line
picture is spectacularly berter than that of a 405-line one,
but neither does the improvement merit the term ‘‘ mar-
ginal, ” as it has been described a number of times
recently.

. . 625\2

The improvement is fundamentally ( 40—5) ~ 2.4, and
no one can alter it.

If a direct comparison between the two systems shows
only an apparently marginal improvement then it is
certain that the 625-line picture is not being displayed
to full advantage.

If a 405-line picture is viewed at a distance approaching
the optimum viewing distance (i.e., the distance at which
the eye can no longer appreciably resolve the false infor-
mation inherent in the line-structure) an increase in the
number of lines can hardly be expected to provide a very
startling increase in definition. Any comparison of line
standards on screens of equal size is bound to reduce
the apparent advantage of the higher standard as the eye
can less readily resolve the smaller detail provided. The
fair method is to display the systems, on receivers of the
correct relative size, when the lininess at any particular
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viewing distance will be seen to be the same. The increase
in screen area then fairly represents the improvement
of the higher standard. Thus a 405-line picture on a
14-in set would compare with a 625-line picture on a
2_1-1'r11,set. The difference can hardly be called ‘ mar-
ginal.”

Referring to the July editorial of W.W., I wonder if the
scanning spot size was altered to suit the various stan-
dards?

It was also suggested in the editorial that our 50 c/s
frame frequency be increased to 60 c¢/s to reduce flicker.
Flicker is only apparent in daylight viewing due to the
high brightness required to provide a reasonable contrast
ratio, but I hardly think it objectionable enough in any
reasonably situated set to justify such a costly and incon-
venient change. In any case it is to be hoped that the
TV set of the future will have overcome the problem
of room light reflecting from the screen, for surely there
is nothing that generally spoils the picture more than the
resulting poor contrast. Neither must we forget that the
colour set will in addition suffer from colour de-satura-
tion.

- It has been recommended that we adopt the Continental
625-line system but with increased vision bandwidth.
It is generally accepted that a Kell factor of 0-6 is adequate;
indeed many think 0-5 to be optimum. Why then is it
proposed to increase on the Continental standard of 0-7?
This retrograde step will encourage viewing at closer
than optimum viewing distance in order to see the excess
horizontal information provided.

If we have this extra bandwidth *to play with,” why
not use it to provide a 625-line picture of increased
aspect ratio? The result would be a picture with better
definition and more natural proportions than the present
625-line system, but would still be fully compatible with
it for programme interchange, simple line-by-line trans-
lation being used.

Assuming, for instance, an aspect ratio of 5:3, the
increase in definition over 405 lines compares as follows:

405 lines : 1

625 lines : 2:38

625 lines : 3 (aspect ratio 5 to 3)
819 lines : 4-24.

The system compares reasonably well with the 819-
line system having less definition but making more use
of it, due to more natural proportions.

Hove. R. C. MARCH.

Magnetic Static Switching

IN his article “Nands and Nors and Sheffer Strokes”
(July issue) Mr. ]. F. Young implies that transistor static
switching has virtually superseded magnetic static switch-
ing.

Whilst I agree that for computer and similar complex
circuits this is true, I would respectfully remind him that
magnetic static switching is very much alive and will
continue to find a substantial market for the following
reasons:—

(a) Only magnetic systems offer electrical isolation
between input and output circuits, a considerable ad-
vantage when preparing input signals from available
electrical parameters.

(b) Magnetic amplifier latching units will “remem-
ber” the signals over supply failure or switch-off
periods, by virtue of magnetic-core storage.

(c) Whilst the high-speed operation of transistors is
a great advantage in meost control circuits, there are
some cases where it can be a disadvantage, with
spurious operations of latching circuits resulting from
short pulses appearing at input connections, etc. Mag-
netic amplifier systems can be arranged to operate
with time lags between a few milliseconds and one or
two seconds simply by varying the resistance across
a winding.

(d) The higher power level normally employed in
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magnetic units allows for lamp indication of the state

of each unit—this would involve additional units in

transistor stages.

(e) In transistor logic, the “signal present” state
varies between successive stages which complicates
calculations and makes *fail-to-safe” design imprac-
ticable. The magnetic system works on the basis that
if a positive voltage (to a common line) exceeding 1.5v
is present, then the signal is present, which simplifies
design work considerably. Lo

(f) Whilst not belittling the advantages of limiting
all functions to one type of unit, the W. H. Sanders’
system produces seven entirely different units all using
identical printed circuit boards and toroids. The only
differences are in the linking, and diodes and resistors
on the board.

These seven functions, i.., Preamp-Inverter-OR-
AND-AND/OR-AND/NOT and LATCH, enable the
logic to be performed with fewer stages than a com-
parable transistor circuit, thus minimizing the difference
in cost between the two systems. For instance, the
transistor circuit using eight stages, described in the article
(Fig. 2) can be performed with three magnetic stages,
with the additional facilities of permanent memory, lamp
indication, and up to 5 watts output. The cost of the
three units would be approximately double that of the
transistor units but the interconnections would be fewer
and the power supplies to the three units would consist
only of a single 12.5-0-12.5V '50c/s transformer. )

To sum up, there are many systems where magnetic
logic will prove simpler, more reliable, and will offer

additional advantages over transistor logic, and engineers
would be well advised to consider both systems before
committing themselves.

P. DIXON.

Stevenage.
W. H. Sanders (Electronics) Ltd.

Back to Jorrocks

ONE evening in spring, about the middle of the last
century, two of the immortals were sitting by the light of a
fire and drinking liberally of brandy-and-water.

These were Mr. John Jorrocks, M.F.H., and his
Geordie huntsman, James Pigg. The latter was told:
“Look out of the winder, James, and see wot’un a
night it is,” and, doing his best in the semi-darkness,
was misled by a cupboard door painted like the window
shutters. “ Hellish dark, and smells (sic) of cheese, ”
said he.

In misrepresenting this epic passage, Thomas Roddam
(August issue, p.370), only makes the point that his notes
might be mistaken for the real thing by a tipsy man in the
dark. One looks forward to a formal ceremony of expia-
tion, in which ritual brandy-and-water is drunk by all
Geordies present?

Newecastle-upon-Tyne P. SHORT,

Electrical Engineering Department,
Kings College, Univ. of Durham.

[We apoligize to Mr. Roddam, Mr. Short and all other followers
of the Master for having overlooked the degradation of the im-
mortal prose which took place somewhere between Mr. Roddam’s
original (and correct) quotation and the printed page.—ED.]

HIGH-ALTITUDE EXPLOSION : EFFECTS OBSERVED AT TATSFIELD

THE third, and successful, attempt at exploding a
nuclear bomb at high altitude in the nuclear test series
at Johnston Island was made on the morning of 9th July
at about 0900 G.M.T. At this time a watch was being
kept, at the B.B.Cs station at Tatsfield, ’Surrey, on
Shepparton, Australia (11,710 kc/s) as this was re-
garded as a key station on which observations should be
made.

On 9th July Shepparton was first observed at 0700
G.M.T., signal strength 50 xV/m. Other Australian
transmissions on 9, 17 and 21Mc/s were all weaker
signals. At 0854 G.M.T. the pen chart recording of the
Shepparton 11,710-kc/s signal was started and at 0900.10
G.M.T. the recording showed a sudden decrease in
signal strength of about 20 dB, which was accompanied
by a roar of noise and rhythmic heavy rumbling at a
frequency of about 130 c¢/s. At 0901.55 G.M.T. the
signal disappeared entirely for 95 seconds, but it is
believed that this was due to a transmitter fault, After-
wards it appeared with a slight increase in level to
30 »V/m and remained until the scheduled close-down
at 0915 G.M.T.

B.B.C. External Service transmissions on 25,840,
21,710, 21,550 and 21,470 kc/s all displayed fairly severe
flutter and heavy rumbling and meteoric whistles were
frequently heard. This effect was first noticed at 0915
G.M.T. (it was not present prior to 0900 G.M.T.) and
continued with decreasing intensity until 0930 G.M.T.
when it cleared leaving the signal strength weaker than
before the effect started. The transmissions became
normal at about 0940 G.M.T. The 17 and 15 Mc/s
transmissions from the UK. were unaffected. The
transmissions from Tebrau were not audible at 0915
G.M.T. but 30 minutes later those on 17,755 and
15,310 kc/s were both stronger than is usual at this time.

At 0945 G.M.T. transmissions from South Africa
(21,690 kc/s), Pakistan (21,590 kc/s), India (15,310 kc/s)
and Far Eastern U.S.S.R. on 21, 17 and 15 Mc/s were
all normal, but Tokyo on 15,235 ke/s, which is normally
weakly audible, could not be detected. A fading record-
ing of Washington N.S.S. on v.Lf. (17.8 kc/s) was not
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unduly affected—perhaps some slight enhancement was
apparent but the received signal is not particularly stable
at any time. ;

The Tatsfield recording equipment normally operating
on Paris 6,175 kc/s to give early warning of sudden
ionospheric disturbances showed no significant change
at the time of the explosion, but after 1215 G.M.T. the
absorption increased until approximately 1405 G.M.T.
when conditions became normal.

** Junction Transistor Circuit Analysis ”’

THIS new Iliffe book, written by S. S. Hakim, Phd.,
B.Sc., AMIE.E, is intended for the advanced student
of electronic engineering who may or may not have been
previously introduced to transistors. For the man who
has not, the first two chapters are concerned with the
basic theory of semiconductor physics and with the
derivation of several commonly-used types of equivalent
circuit, all of which are used in the relevant discussions
later in the book. The next seven chapters deal,
theoretically, with a wide range of applications in which
transistors are used in the linear mode. All three con-
figurations are analysed, and a complete chapter is
devoted to a discussion of the negative-impedance con-
verter—a device which is assuming rapidly-increasing
importance, In the last two chapters, an analysis is
given of the large-signal (non-linear) operation of tran-
sistors, and transient response is dealt with from the
point of view of charge control rather than the some.
what hard-to-pin-down small-signal parameters. Switch-
ing and pulse circuits such as counters, analogue/digital
converters and logic circuitry are described in a practical
way, and several appendices are concerned, among other
things, with the evaluation of transient response using
the Laplace transform, and a discussion of h-parameters,

The book is published by Iliffe Books Ltd., Dorset
House, Stamford Street, London, S.E.1, and costs 105s.
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trated in Fig. 3. If these are

Al (N.C)

0 5 Qg A3(N0) hP o © 0o
FIRST SECOND THIRD
DIAL SWITCH DIAL SWITCH DIAL SWITCH

(12-WAY; I-POLE) B3(N0) (12-WAY; I-POLE) (12-WAY; 1-POLE)

RESET
PUSH BUTTON(N.C) 3.5V

properly adjusted (and this is

RLa easily done), the normally-
4 open contacts of one set will
close before the normally-
B2(no) . closed contacts of the other
HoLD-oN set part. The other two sets
R4 (80) Rlg of contacts on each relay are
(0] s . .
just the ordinary normally-
open type.
BOLT The coil resistance of the
B4(N.0) relays must naturally be
SOLENOID selected to suit the particular

J1-—-|¢
Fig. 2. Circuit diagram of the lock.

sequence so that the two relays are energized and
held-on in the correct order. If the second num-
ber d.e.f. is dialled first, RLy cannot operate since
contacts A3 (N.O.) have not closed, and there is
no complete current path to the coil of RLy via
d.e. and f. Similarly, if the third number g.h.1.
is dialled first the solenoid cannot be energized
because B3 (N.O.) have not closed.

The other possibility which arises is that of
dialling the digits in mixed order. For example,
if the digits a.b.i. were set up at the first attempt
the solenoid would be energized were it not for
the presence of contacts B4 (N.O.). These contacts
ensure that the solenoid cannot operate until RLy
has been energized. Another set of digits which
could cause false operation at the first attempt is
a.b.f. 'This is avoided by the use of contacts A4
(N.O.) which only allow current to pass when RL,
has been energized.

Thus, as previously stated, it is necessary for
the relays to be energized in the correct order,
and this in turn means that the numbers must
be dialled in the correct sequence.

Construction.—In the particular lock constructed
it was found convenient to mount all the com-
ponents on a single plate which could be screwed
to the rear of the cupboard door. This is not the
only possible arrangement, of course, and provided
that the three wafer switches are mounted behind
the dials the rest of the components may be mounted
elsewhere (inside the cupboard door for preference!).
Having all the components close together, however,
naturally eases the wiring problem.

The wafer switches used are quite standard
components which may be available on the surplus
market, or otherwise can be obtained from Radio-
spares Ltd.t Since these are' quite ordinary items,
no more need be said about them.

It will be seen from the circuit of Fig. 2 that
each of the relays has three normally-open contacts,
and one normally-closed. Since the current which
initially energizes the coil flows through the nor-
mally-closed contacts of that coil it is clear that
these and the normally-open ‘“hold on” pair
should form a make-before-break combination if
the relay is to hold satisfactorily. This is most
easily arranged by using two sets of the more usual
make-before-break changeover contacts as illus-

14-8, Maple Street, London, W.1.
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battery voltage used. It will
be found that with a 13.5V
battery, which can be con-
structed from three 4.5 V
flat torch batteries, a 500
ohm coil is suitable, and the relays will close firmly
and easily.

As in the case of the wafer switches, it will probably
be found that suitable relays can be found in the
government surplus stores, but in case of difficulty
various firms who advertise in this journal would
probably make them to specification at a reasonable
cost.

The provision for operating the bolt electrically
can be a source of real ingenuity. Many mechanisms
are possible, and perhaps the simplest and sturdiest
is the simple solenoid and plunger type illustrated
in Fig. 4(a). Another way of doing the job is to use
one of the very neat solenoids which are available
on the surplus market. (What would we do without
the ex-W.D. shops?) This type of solenoid, which is
illustrated in Fig. 4(b), has a coil resistance of
approximately 35 ohms and also has a built-in lever
system which magnifies the movement available to
half an inch or so. In the lock illustrated in Fig. 1,
a solenoid of this type was used to move an ordinary
small door-bolt of the sort available at any iron-
monger’s shop. The handle was removed from the
bolt, and a large hole was drilled in the movable
part as shown in Fig. 4(b). A small 8 B.A. bolt was
fixed on to the end of the solenoid lever, using a hole
which already existed, and this was arranged to
project into the hole drilled in the door-bolt. As the
relay is energized, the lever withdraws the door-bolt.
It should be noted at this point that many of the
better quality door-bolts are provided with a ball-
and-spring arrangement in the movable part, which
bears on the slide portion, giving the whole a * silky
feel when being moved. This should be removed
to lessen friction in the movement.”

This type of bolt-withdrawing mechanism pro-
vided ample strength for the particular purpose for
which the lock of Fig. 1 was required, but if it is
felt that a stronger system is needed then there is

NORMALLY ~ >

CLOSED ~~— )4 x
s [}

NORMALLY =~~~ Lo 4

OPEN e~ /ﬁ__L—A
vz A

Fig. 3. Make-before-break changeover sets may be used instead
of make and break type in RLay, RLag, RLg,, and RLg, positions.
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plenty of room for experiment and improvement.

The “ RESET ” button can be any push-switch
of the normally-closed variety; a Post Office-type
switch was used in this case, and proved quite
suitable. ’

Refinements.—It is possible to add many variations
to the basic lock of Figs. 1 and 2, quite apart from
any questions of mechanical strength. The first of
these refinements should really be classed as a neces-
sity. When the two relays and the solenoid are all
energized, the battery must supply a total current of

HOLE DRILLED
IN BOLT

HANDLE
REMOVED

DOOR
BOLT

[GIHXIHKRKRRRRIRK K
R
pFetoistetetotetes

SPRING

BOLT

PRI |
K RRIELLARAN
et es
0000909090200, 00290 %

SOLENOID

@

- ®
T

Fig. 4. Bolt mechanisms. Simple straight pull type (a) and
ex-Government solenoid with lever (b).

approximately 4 amp—a current well within the
capabilities of the torch batteries used. From the
point of view of battery life it is clearly an economy
to operate the “ RESET » button, releasing the
relays and the solenoid, as soon as the door is opened,
particularly if the door is to remain open for any
length of time. When the door is eventually closed
again, the combinations can be re-dialled to withdraw
the bolt, or the lock catch-plate can be shaped so that
the bolt closes of its own accord.

In spite of all these precautions it is inevitable
that the time will come when the batteries will be
“ flat ” in the electrical as well as the physical sense,
and will no longer be able to operate the lock.
If they are mounted inside the cupboard or on the
back of the door, this could be a source of embarrass-
ment. For this reason, it will be seen from the
photograph of Fig. 1(a) that four small bolts are
mounted on the outside of the door. Two of these
are there purely for decoration, but the other two are
connected to the terminals of the battery. In the
event of battery failure, an external source of e.m.f.
can be connected across them, and the lock can be
operated in the normal way by dialling the combina-
tion, enabling the door to be opened without resort
to crow-bar or jemmy.

Another refinement which is quite worth while is
to replace the “RESET ” button by a microswitch
mounted on the inside of the door and bearing on a
stop inside the cupboard. When the door is closed,
the microswitch button is depressed and the battery
is connected to the rest of the circuit so that the
lock can be operated. - As soon as the door is opened,
the microswitch is released, the battery is disconnected
from the circuit, and the lock is automatically reset.
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This immediate reset is naturally an aavantage from
the point of view of battery economy as outlined
above.

When a combination lock is installed for any pur-
pose the main point of interest is the degree of pro-
tection afforded by the lock against unauthorized
entry. The effectiveness of the lock will depend to a
certain extent on the knowledge of the person
attempting to operate it, and for the sake of illustra-
tion we shall be pessimistic and assume that the
burglar is a person who knows roughly how the lock
operates; knows that three numbers must be dialled;
but does not know which three numbers they are.

If he is a methodical sort of chap, he will start by
setting the dials to 1.1.1., and will run through all the
combinations up to 12.12.12.—a total of 12?=1728
combinations. After doing this, he will know that
the first relay will be bound to have been energized.
However if he is able actually to hear the relay click-
ing over either with unaided hearing, or even with the
aid of a stethoscope held against the door, then he
will be able to stop setting up the numbers before he
reaches the full 1728 combinations. It follows from
this that an obvious precaution is to mount the re-
lays on sponge-rubber cushions or in a special
soundproof enclosure so that it is impossible to
hear the relays clicking over when they are energized.

An alternative circuit arrangement which could be
used to cause him some confusion is shown in Fig. 5.
This circuit still makes it necessary to operate the
dials in the given sequence, but now it will be ob-
served that if the number a.b.f. is dialled at the first
trial RLy will operate. However, since contacts A4
(N.O.) are not closed it will not hold on, and as soon
as the digits a.b.f. are altered RLj will release. This
false operation is of no assistance whatever in opening
the lock but it would serve to confuse the intruder

—o—v A2 (N.0)
HOLD-ON

B2 (n.0)
HOLD- 0N

filg
4

DIAL SWITCH

(12-WAY;1-POLE) BoLT

SOLENOID

Fig. 5. Circuit modified to make RLg click ineffectively.

listening for the relays. If digit ¢. is larger than digit f.
the methodical burglar will reach number a.b.f.
before number a.b.c. and will hear RLy operating.
He would then most likely remove his stethoscope
to reset the dials 1.1.1. for the second operation and
would assume that the first relay had energized and
held on. The second session of methodical dialling
would again cause false operation of RLg and so he
would get nowhere with his dialling procedure. He
might spot the fact that the two relay clicks occurred
on the same numbers, and might begin to suspect
that all was not as it seemed, but even so, this false
operation would cause him much confusion.
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Notice that contacts A4 (N.O.) are necessary for
the following reason: When RLj is energized by the
dialling of a.b.f. its hold-on contacts B2 (N.O.)
close, and in the absence of A4 (N.O.) would supply
current to the coil of RL,. This would close and
hold-on due to the action of its own contacts A2
(N.O.) and could now supply hold-on current via
B2 (N.O.) to RL;. Without contacts A4 (N.O.)
this dialling of a.b.f. can result in the permanent
closure of both RL, and RLz—a most undesirable
occurrence!

If the intruder is unable to hear the relays closing,
then he must dial all 1728 numbers before he is sure
that the first relay has operated, 1728 for the second,
and anything up to 1728 again before the bolt is
withdrawn. This means that he has to dial something
in the region of 4,000 numbers to be sure of opening
the lock, which is quite a fair degree of protection.
If he is not the intelligent fellow we have assumed him
to be, and if he does not know anything about the
construction of the lock then his chances of opening
it by dialling numbers at random are slender in the
extreme,

It may be, however, that the master of the house-
hold is wintering for three months in the South of
France and has left his wife’s minks and jewels in
the care of the combination lock. In these circum-
stances it is clear that any burglar would have ample
time to dial the required 4,000 numbers, and it may

FROM UNUSED SWITCH CONTACTS

[ l l BUS-BAR J
FROM BATTERY
POSITIVE 1 woto-on
ALARM ot (N.0)
BELL

FROM BATTERY
NEGATIVE

11

Alarm bell rings when switches are set to spare
contacts.

Fig. 6.

be thought that some further degree of protection is
necessary. This is easily arranged by removing the
solenoid and connecting a further set of three dials,
identical with the first set, to the output of contacts
B4 (N.O.). To open this lock, the first three dials
must be set three times, and left on the third setting,
and the dials of the second set must also be set three
times before the solenoid, which is now on the
output of the second set, withdraws the bolt. This
obviously increases the degree of protection afforded
by a considerable amount. To start with, the third
number of Set 1 no longer causes any mechanical
motion in the lock, but merely connects a source of
voltage to Set 2. Thus, even with imperfectly
mounted relays, a stethoscope is of no use in deter-
mining this third number of Set 1. To be certain of
energizing the first relay of Set 2 any burglar must
dial 1728 numbers even when the third number
is correctly dialled on Set 1. To find the correct
third number of Set 1 as well he must set up a total
of 17282 numbers—a truly astronomical number
which increases the odds against his opening the
lock very considerably.

Just to make it even harder for him, the dials could
be arranged in two rows of three, but in mixed
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. connected to the bus bar.

order so that he has no means of telling which
belong to Set 1 and which to Set 2.

Another possibility whereby the degree of pro-
tection can be increased is to have no battery inside
the lock, and to make it necessary to connect an
external voltage source before the lock can be oper-
ated. For example, the outside of the door could be
ornamented with a pattern of metal studs across
just two of which the battery must be wired in order
to make contact with the circuit of the lock. Any
burglar thus has to find the two correct studs before
he even starts to dial, and there is no means whereby
he can know when he has found the right ones. He
may not even realize that an external source of e.m.f.
is needed.

‘Whilst on the question of burglars it is worth while
considering the fitting of a burglar alarm system.
Perhaps the simplest way of providing such an
alarm is to connect the unused contacts of switches
1 and 3 to a common bus bar as shown in Fig. 6.
We shall assume that a contact x on switch 1 and a
contact z on switch 3 are left blank so that the
dials can be “ parked” without the alarm sounding
continuously. Contacts a to ¢ are needed for the lock,
of course, as in Fig. 2. When a number beginning
with any digit except a, d, g or x is dialled, the battery
will be connected to the bus bar; the alarm relay will
be energized, will hold-on, and will cause the bell to
sound. In addition, the spare contacts of switch 3
are connected to the bus bar so that even if switches
1 and 2 could be set correctly to a and b without the
alarm sounding, the turning of switch 3 is again
likely to set off the alarm.

Another way of providing an alarm system
which gives an even greater degree of protection is to
add a further switch wafer behind each of the existing
ones so that turning of the dial moves both wafers.
The centre contacts of these three new wafers are
connected to the battery, and all contacts except
a to i, and three “ parking ** contacts x, y, and z are
As soon as any dial is
turned to any other digit, the alarm device will be
energized.

This means that the alarm sounds even when an
authorized person wishes to open the door, but this
is not a serious objection if complete security and
protection are important. (Alarms on shop doors
usually do this anyway.) It is possible, of course, to
turn off the alarm circuit by means of a hidden switch
if this is thought desirable.

A further desirable feature which could be incor-
porated is the connection of an alarm circuit across
the solenoid. Even an intruder who knew the com-
bination, and also the location of the main alarm-
disabling switch would be unable to operate the
lock without this second alarm sounding—surely
the ultimate in security.

Clearly, then, there are all sorts of interesting
possibilities for those who wish to protect their gems
and bullion from marauders, or for those who, like
the author, have no gems and bullion worth pro-
tecting, and who merely look upon this sort of thing
as an exercise in ingenuity. For example, what about
a plug-board system on each dial which enables the
combination to be changed at will?

Have you for instance thought of installing such a
lock on the garage door? Imagine the scene; a cold
wet November evening, with the fog swirling around.
You stand there dialling a.b.c., de.f. ... well,
perhaps not; it was just a thought.
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Excitations and Responses — continued

LAST month I rather unkindly deserted you just
as we had come to an apparently absurd and impos-
sible situation. Perhaps you have found your own
way out of it. Most likely you have forgotten where
we were. Anyway, the recapitulation is about to
begin.

We had become acquainted with the idea of
complex frequency. ¢ Complex” is here in its
mathematical sense, denoting any number made
up of (in general) two parts, one “ real ” (an ordinary
number) and the other ¢ imaginary * (containing
the factor j, which is 4/—1). If real numbers are
represented on a piece of paper as horizontal dis-
tances (positive to the right and negative to the
left), logical results are obtained if imaginary num-
bers are represented as vertical distances (positive
upwards and negative downwards). Then, if the
paper is marked with an origin and scales like a
graph, any complex number can be plotted on it
as a point. This idea, although it smacks of the
occult, has been found so useful in studying a.c.,
impedances, etc. (as well as all subjects involving
vector quantities) that it is now handed out at
quite an early stage. So I have been assuming

/ANVANANYA

=

VARVERVERV

Fig. I. Sinusoidal waveform, having the real radian frequency
w, which dappears on a complex frequency plane as the
imaginary jew.

from the start that all present know what is meant
by the impedance Z being R + jX.

The idea of complex frequency is a little more
recondite. It seems nonsensical to speak of imagin-
ary frequency, even in a mathematical sense. It
seems particularly silly to denote ordinary fre-
quency by imaginary numbers, and then invent
imaginary frequency, denoted by real numbers.

Yet this procedure is justified by a chain of
curious but unshakeable logic, and still more by the
fact that it helps one to solve circuit problems.

The only waveform that has only a single real
frequency is the sinusoid, Fig. 1. It can be pro-
duced by a suitable generator or source. A well-
known way of specifying, say, a voltage having
this waveform, is as V sinw?, or V coswz. But an
alternative is Ve@!, and in many cases there are
good practical reasons for preferring this rather
surprising form. The most surprising thing is the
j» when there is no doubt about the frequency
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itself (« radians per sec, or w/27 cycles per sec)
being thoroughly real.

But the same waveform appears in the natural
or free response of a circuit to an electrical dis-
turbance of any form, if that circuit is made up
wholly of reactances, which, as we have already
recalled, are reckoned as imaginary quantities.
That is significant.

With rare exceptions, however, all circuits have

‘

Fig. 2. Die-away form, having an imaginary frequency repre-
sented on a complex frequency as a negative quantity
such as—I[T.

resistance as well as reactance. We considered at
length a simple one having resistance and induc-
tance in series. Its natural response to an electrical
disturbance has the form shown in Fig. 2, for
which the mathematical expression is Ve='T, T
being the time constant of the circuit, L/R. By
analogy with Ve’ in which the jo indicates a
real frequency (of a source or a circuit), —1/T is
an imaginary frequency, because it can be regarded
as derived from a real frequency, represented by
the imaginary number j/T, by multiplying it by j.
Carrying the analogy a stage farther, we .can say
that a source that produced a voltage as in Fig. 2
would have the imaginary frequency —1/T, T
being the time taken for the voltage to fall to V/e,
as with the circuit response.

Circuits having all three elements, L, R and C
in suitable proportions, are known to have natural
responses such as Fig. 3, combining the features
of Figs. 1 and 2. This form can be obtained graphic-
ally by multiplying the ordinates in these other
two. Multiplication is represented by adding indices,
and so the exponential form is typically el
here the coefficient of ¢, which we have found repre-

sents the frequency, is a complex number. So in
I
o\ /N . et S = —
\/ Iz e p——_— 7

Fig. 3. Damped oscillatory waveform, combining the features
of Figs. | and 2 and having a complex frequency, with both real
and imaginary parts.
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Fig. 4, which depicts a complex frequency plane,
it would be represented by a point such as that
marked with a cross, its distance from the origin
being made up of real and imaginary parts.

We found the natural (imaginary) frequency of
the simple RL circuit, represented by a point
on the — o axis, was —1/T. The natural frequency
of the resistanceless L.C circuit, represented by a

point on the jw axis, is 1/4/LC. This too can be

expressed solely in time constants, as 1/4/T; T,.
In this case you may think there is a bit of a fiddle,
because T, is CR and T, is L/R and we said our
circuit had no resistance! If this worries you, try
jw

Smmmemofit

H Fig. 4. Complex
H frequency plane, on
H which a general com-
! plex frequency is plotted
1 as a X. If this is the
i natural frequency of a
]

1

]

circuit, its free response
is of the Fig. 3 type.

j(jw)y  ~@

studying the mathematical theory of limits. In
the much more usual circuits that do have resistance,
the natural frequency is still expressible in terms
of these time constants:

1 . 1 1
— o £ A/ T
2T, T:T, 4T,
which has the general form jb — a shown in Fig, 4.

So the concept of frequency, normally applied
only to the Fig. 1 waveform, can be extended to
any form that can be expressed as an exponential
time function (e to the power of something times ).
That something is the frequency as plotted on a
graph like Fig. 4, in which real frequency is measured
along the imaginary axis.

This extended notion of frequency holds for
both sources and circuits. When a source is applied
to a circuit there are two responses: the free or
natural response, whose form is fixed entirely by
the circuit, only its amplitude depending on the
source; and the forced response, whose form (in
linear circuits) is a copy of the source’s, only ampli-
tude and phase depending on the circuit. In linear
circuits, the only possible free forms are expressible
as exponential time functions, so all of them have
natural frequencies, in the extended sense. Sources,
on the contrary, can be made to give any variation
of voltage or current with time. Fig. 1 shows much
the commonest. Figs. 2 and 3 are not so widely
favoured. But Fourier showed that any periodical
form can be made up of a fundamental and har-
monics, all of Fig. 1 form. And we mustn’t over-
lIook the one point common to both real and imagin-
ary axes—the origin. It represents zero frequency,
or d.c. It is an extreme case of any of the three
forms shown, and in perfect analogy is denoted
mathematically by Ve, which is just V.

The two-fold response of a circuit to a source
can be calculated by differential equations, in which
the exponential form is the basis for the solution.
But a graphical technique has been worked out,
in which circuits and sources are represented by
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points on the complex frequency plane, and the
responses by lines drawn from one to t’other.

This is the method of poles and zeros, so called
because all except the very simplest circuits have
several natural frequencies, and the points to be
marked are of two kinds: those where the frequency
so represented would make the circuit function
(impedance, admittance, or transfer function) zero
or infinite. They are marked respectively by noughts
and crosses.

For instance, the single cross in Fig. 5 is recog-
nized by the experienced (us, now) as our simple
RL circuit, the distance to the left of the origin
being 1/T. Its free response is revealed by the
position of the pole. The forced response to a
source of sinusoidal voltage (marked by the point
on the jw axis representing its frequency) is found
according to rules, by measuring distance and
angle between the two points.

This was all right in the early instalments, when
the idea of a source of imaginary frequency was
too ludicrous for us to think of actually putting
our definition of a pole to the test by making source
frequency coincide with pole. But when we gave a
meaning to imaginary frequency, so that a real
live source could have it, and found that it was the
transient form in Fig. 2, the idea that applying this
to an RL circuit having an identical natural frequency
would make the impedance vanish .(because there is
no distance between two coincident points) looked
ridiculous. Obviously such a transient voltage applied
to a resistive circuit couldn’t produce an infinite
response. (And if anyone, more cautious in his use
of the word * obvious ’, put it to experimental test,
he would find that the response was indeed finite.)
That is where we left off.

One fallacy is to assume that a voltage applied
to zero impedance will give an infinitely large current.
Even if we were to transfer our coincident points to
the jo axis so that the voltage was of the familiar
waveform supplied (to a reasonably close approxi-
mation) by the Electricity Board, applied to a per-
fectly loss-free resonant circuit and therefore having
zero impedance in the familiar sense, the current
would not, even in theory, be infinitely large—at
least, not in a finite time. It would grow at a steady
rate, as shown in Fig. 6, like the swinging of a pendu-
lum in response to an alternating pressure at its
natural frequency. We shall see why later.

The free response would have the same frequency,
but constant amplitude, depending on the amplitude
of the source and the phase at which it was switched
on. As we saw before, the free response is such, when
added to the forced response, as to ensure that
currents don’t grow instantaneously in inductances
or voltages change instantaneously across capaci-
tances.

So even with real frequency it is a mistake to

Jjw
Fig. 5. Pole diagram for

the simple series RL
circuit.

x
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Fig. 6. Forced response of a resistanceless LC circuit to sinu-
soidal excitation.

suppose that a voltage applied to zero impedance
would immediately cause infinite current. It would
take an infinitely long time. So a transient voltage
would hardly qualify.

But there is a subtler obstacle to our vision of
infinite current. To understand it we’ll have to
go a little more closely into how to find the two-
fold or total response.

One method is to write out the relevant differential
equation or equations—by applying Kirchhoff’s
laws—and solving them in the approved textbook
manner. Except perhaps for the approved manner,
this is what we did two months ago, at least in
outline. The emphasis was rather on avoiding
differential equations, by noting that with ex-
ponential functions of time the process of differen~
tiation boiled down to multiplying by the coefficient
of ¢ in the exponent—the thing we now know as
frequency in the wider sense—and integration meant
dividing by it. When the excitation is, as commonly,
sinusoidal, the complex frequency is jw, and that is
how we get the reactances jwL and 1/joC,

Last month we learnt that the same principle

was_valid for any complex frequency, so we could
apply it to sources having non-sinusoidal exponential
forms, and we could apply it to the natural res-
ponses of all linear circuits, for all of them are
exponential.
- In the case of our old familiar series RL circuit
with the sinusoidal source, the by-passing of differ~
ential equations leads to the familiar “ Ohm’s law
for a.c.” giving the forced response:

I= \'%
R + juL

Those are peak values of current and voltage
(they could also be r.m.s. values) but now that
we are considering non-sinusoidal transients even
when the source is sinusoidal we must work in instan-
taneous values:

Vedwt

. 1
L<"”+'F>

The usual symbol for complex frequency is s;
as both sources and circuits have them, let us
distinguish them as s, and s. In this case s, is
jo and s, is —1/T, so
_ Vest
© L(s,—s.)

Veifwt
R + joL -

i = Ieot =

. {1

%
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When these complex frequencies are marked on
the usual plane, they give us the pole-zero diagram,
Fig. 7 (with no zero in this simple case). In our
original rule for using such a diagram, the response
was obtained by dividing the excitation by the
length of the line joining the two points shown,
taking into account also its angle to indicate the
phase difference.  This directed distance now
appears in our equation as s,—s,.  But whereas
our s, was originally limited to the sinusoidal jw,
it is now free to roam anywhere on the plane, re-
presenting Fig. 2 or Fig. 3 sources, for instance.

For the same reason, it is possible to use the method
for finding the free response. The natural frequency
of this circuit is s,, = —1/T, so the response is

1, = Aeset .. .. .. @)
where A is a constant whose value we find (as we
did two months ago) from information about the
phase at which v is switched on. (2) shows that the
form of this free response is as in Fig. 2—as if we
didn’t know by now!

At the moment of switching on, the current is
zero, and there is no scope for smart Alecks to con-
fuse the issue by asking whether we mean just
before or just after the contact is made, for we have
already noted that in an inductive circuit the current
grows at a finite rate, so it makes no difference
which we mean. Therefore we can say that, at
t=0,i =1, + i, = 0. From (1) and (2).

Vesst
Ls, — so)
Putting z = 0 and equating 7 to 0 we get

\%
0= L(Ss_sc) * A

. v
D)
V(esst — eset)
L(Ss_sc) (3)
for any value of z. We now have a beautifully

+ Aesct

1 =

and 7 =

Fig. 7. Elaboration of
Fig. 5 to show a sinu-
soidal source.

Ss=jw

Y-
AN
$c=-T

symmetrical expression for the total response, in
terms of the source and circuit frequencies, s, and
s respectively. What is more, we have a graphical
method of finding the total response—forced and
free—of a circuit to an excitation, not limited to the
sinusoidal form but valid for any that can be ex-
pressed as an exponential function. Briefly, this
method is to regard the source frequency as just
another pole on the diagram and to use the rules to
find each component of the response in turn, by
regarding each pole in turn as the source. In Fig. 7
there is only one circuit pole and one source pole,
so only two components of response to be added
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together to make the total response. Each term
consists of an appropriate constant (in our example,
V/L, where V is the peak value of the source voltage)
multiplying ¢ to the power of ¢ times the complex
frequency of whatever is for the moment being
regarded as the source, divided by the complex
distances from the pole of that source to all the other
poles. (By complex distances I mean distances
treated vectorially, with regard for angle.)

You will no doubt want to see how this works out
for a less simple circuit, but it must be remembered
that just now we are exploring what happens when
the source frequency is the same as the circuit
frequency, so that the two poles coincide. In par-
ticular, we were trying to imagine what would happen
if the circuit pole was as in Fig. 7 and the source
voltage as in Fig. 2, so that its pole was on the same
axis and could be made to coincide by making its
rate of die-away the same as that of the circuit
transient.

As this condition is approached, the denominator
s¢ — s, becomes less and less, and when the poles
coincide it is zero; that, in fact, was our definition
of a pole. So, according to the laws of algebra, both
forced and free responses become infinitely large.
Physically, that is absurd—which was our dilemma
last month. Or at least it would be if the forced
and free responses could occur separately. As they
cannot, we have the situation

i=0 — .. .. @

which is not very helpful.

The mathematicians rescue us from this impasse
by rewriting equation (3) in a form where the differ-
ence between the two poles is shown as 3, a very
small quantity. The term is then expanded by
Maclaurin’s theorem—we came across that in
“e”—and & allowed to dwindle to zero. In this
subtle way, (4) is found to have quite a reasonable
finite value:

.V
= S
7 Tte .. . 5)

The significant feature about this is the factor z
that has joined the party. It ensures that the current
- starts from zero at ¢ = 0, and it would grow inde-
finitely (providing some basis for the infinite current
with zero impedance idea) if it were not more than
counteracted by the index s, which in this kind of
circuit is negative. In a resistanceless LC circuit,
S 18 jwg, so the amplitude of 7 would grow steadily

0-5f

5 (secs)
-0-25F

Fig. 8. Curves of excitation and response of a series RL circuit
to a Fig. 2 source having half the ** frequency.”
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Fig. 9. Corresponding to Fig. 8 but with source and circuit
frequencies equal, achieving perfect (but imaginary)
resonance.

without limit (as in Fig. 6) if the frequency of the
source were the same.

It is quite interesting to plot the responses (3)
and (5). For simplicity let us choose R=L =T =1,

so s, = — 1.  And for a source voltage of Fig. 2
form but different complex frequency let s, = — ;
this puts the source pole half-way between the origin
and the circuit pole. In other words, the forced
response takes twice as long to die away as the free
response. In Fig. 8 this form, v, is shown, and also
e~* for comparison. The total response, 7, is plotted
from (3); it starts from zero because the free and forced
responses exactly cancel out when r = 0. Since
R = 1, the same curve does for vg, the voltage across
R. That is an example of economy of effort.
Since v;, the voltage across L, is what is left, it is
plotted by subtracting vy from v, with the result
shown. Note that it becomes negative, owing to
the inertia effect of L, so that after 1.4 seconds the
voltage across R is actually greater than that provided
by the source.

Doubling the rate of v die-away (i.e., doubling its
complex frequency) so that it comes into exact
resonance with the circuit, and using (5) to plot
the results, we get Fig. 9, which is remarkably unsen-
sational. So far from the response being infinitely
large, it is actually less than before, owing to the
shorter duration of the excitation. Otherwise, there
is no significant difference, although now the rise
from zero 7 is due to the factor ¢ in (5), not present
in (3).

Well, I have only just managed to deal with last
month’s dilemma and time is up. But I hope that
in the process the pattern of the whole subject has
become clearer.

‘We are no longer bound to sinusoidal excitation
and forced response, but can find—either by calcula-
tion or graphically—the total response to any excita-
tion that by hook or by crook can be manipulated
into exponential form. The weak spot is that so
far we have exercised these remarkable powers only
on a laughably small target. Next month, without
troubling to explain everything from the beginning,
I propose to demonstrate on something a little less
elementary.

I hope too much confusion was not caused last
month by certain transcription errors that appeared
in Fig. 5. 1/T, therein ought to have been 1/2T,,
and 1/4T, ought to have been 1/4T2,. Also in Fig.
2 for 7, please read 4. My sincere apologies.
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FUNDAMENTALS OF FEEDBACK DESIGN

9 —AMPLIFIER TERMINAL IMPEDANCES

THE use of negative feedback is often regarded
as chiefly directed towards improving the frequency
response and reducing the distortion of an amplifier.
When we come to treat this second aspect we shall
see that we must be careful in assessing the benefit
of the apparent improvement in frequency response.
Improvement in gain stability is, indeed, often the
factor which determines the feedback to be used,
for when reasonable limits are set on this the response
and distortion will normally be more than adequate.
Another condition which is often the chief para-
meter in deciding how much feedback must be used
is one or other of the amplifier terminal impedances.

A simple example will show how this impedance
specification may be made necessary. An amplifier
is required to feed a number of lines, let us say up
to 20, each of impedance 600Q and each long
enough to require to be matched at both ends. At
the sending end, therefore, we shall put a 600-Q
resistor in series with each line. The load presented
to the amplifier may be anything from 1200 Q down
to 60 Q. The practical application of this is in feeding
a number of transmitters from a central programme
source, so that the level is controlled at the input.
For a number of reasons the amplifier impedance
should be low. First of all, the level to transmitter
A should not depend on whether any or all of the
other lines are connected. An extension of this is
that the level should not change if any or all are
connected while a signal is being emitted. Secondly,
if due to some fault there is noise on one of the lines
it should not get back through the common imped-
ance of the amplifier and thus react on the other
lines. A specification for such an amplifier might
call for a system to work into loads down to 60Q
but to have a source impedance of only 2Q. This
would be determined mainly by the line-to-line
protection required but in other cases the regulation
is dominating and we must use Thévenin’s Theorem.
The author recently encountered a problem in which
the amplifier output impedance was required to be
only one hundredth of the load impedance.

The other side of the story comes with the input
impedance. Here we may have a requirement for a
very high input impedance and may have to deal
with the grid-cathode capacitance of the input
valve. The resistive term is usually, though not
always, too high to be troublesome in valve cir-
cuits. When we are using transistors, however, the
input resistance will normally be rather low and a
good deal of ingenuity is needed to achieve the high
impedances needed for some measuring amplifiers.

These are the two usual problems, but there are
real practical demands for very high output imped-
ances. . One of these is to get a well defined source
impedance by making the amplifier impedance
extremely high and then regarding it as the current
generator in the Norton form of Thévenin’s Theorem.
A resistor connected in parallel then defines the
impedance. This leads to a relatively simple circuit
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and is very convenient if a second output is to be
taken off, without mutual interference: this output
is, of course, in series with the first. Low input
impedance is also needed for certain types of com-
bining amplifier.

Effect of Feedback on Output Impedance

To determine the effect of feedback on an amplifier
output impedance we shall first of all consider the
arrangement shown in Fig. 51. Without feedback
the output impedance of the amplifier is R, and the
equivalent source is shown at the right of the black

Fig. 51.
on the output impedance of an amplifier.

Circuit for determining the effect of voltage feedback

box. The impedance is determined by applying a
signal V to the output and measuring the current I
which flows. The input terminals are short-circuited
so that there can be no input signal and if the feed-
back were not connected the generator voltage
would be zero, so that we should just have V/I = R,.

With the feedback connected, however, there is a
signal of BV reaching the input. This signal, Vy, is
amplified, of course, and V, = p,V,. It is very
important to notice that p, is the open-circuit
amplification of the system which may be very much
greater than the gain into the normal load. This is
because R, may be very much more than the normal
load resistance: in an output pentode the ratio may
be ten times. We can write down the equation for
the output mesh

I= (V - Vo)/Ro
= (V — 21BV)/R,
so that V/I = Ry/(1 — p8)

This is the textbook form for the output imped-
ance with voltage feedback. The factor (1 — p4f)
is similar to the one used in gain questions, except
for this new meaning for p,, and with negative
feedback of normal form we can write

Reff ~ Ro/ll’qﬁl
1t is more convenient to go a step further. When
the normal load of the amplifier is R the terminal
voltage will be V,R/(R, + R), and when Ry > R’
this reduces to VoR/R,. The gain we usually
measure, with the amplifier loaded, is p = u,R/R;.
It is an easy substitution to derive R,;; =~ R/]yﬁT
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Fig. 52.  Circuit for determining the effect of current feedback
on the output impedance of an amplifier.

By expressing the impedance reduction in this form
we have eliminated two factors which we usually do
not know, p, and Ry, and obtained a form which is
much more practical. We see at once that with
20dB of feedback the impedance is 0.1 of the load
impedance so that the regulation of the system will
be 10%. Owur earlier discussions have provided a
warning against being too precise in expressing
results which depend on B, because much of the
justification for using negative feedback would dis-
appear if p were really a well-defined constant. If
| B} is only defined as being between 10 and 20 it is
the sheerest pedantry to worry because (1 — pf)
is 11, not 10.

When the feedback is taken in series with the
output, so that it is proportional to the current, we
have the form shown in Fig. 52, Here we shall
write I, = AV, and V; = BI, so that A is a measure
of the gain (which must be examined in more
detail) while B is a measure of the feedback. We
have very simply

V=(-+1I)R,
=1I(l + AB)R,
so thatVT= R, = (1 4+ AB)R,

Now let us connect the system as an amplifier in
the usual way. We apply a signal V, and in the
absence of feedback we should get a current of I,
into a short-circuit at the output or a voltage of
I,RR/(R + Ry) across a load R. Thus A = I,/V,
and the usual gain with a load is p = ARR,/
(R 4- Ry). The current in the load is g = I,R,/(R +
R,) and it is this current which must be multiplied
by B to give V,. So

Vi = BIR¢/(R, + R) = BV,,,/R
Hence 8 = B/R. From this we rapidly derive
AB = pB (1 + R/R,)

No account has been taken of signs in this deriva-
tion but quite obviously to maintain the convention
we are using we must introduce a minus sign, and
then we can write

Ry = [1 — uB(l + R/Ry)]I R,
which, if |uf| is large, reduces to

Reff i ll‘ﬁl Ry + R)

Normally, with negative feedback, we can say
that the use of voltage feedback will decrease the
output impedance of an amplifier while the use of
current feedback will increase it. Over the major
part of the working range and with the amount of
feecllbalck commonly used the factor involved will
be |uB|.

Near the edges of the frequency range, and possibly
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well within them if full advantage is being taken
of the flattening of the response, |xf| starts to fall
and we become closely concerned with the actual
amount (1 — pp). The impedance characteristic of
an amplifier is likely to preserve its wanted behaviour
only over the range in which the gain is high, and

. although, for example, the response may be flat up

to 20kc/s, the impedance may start to depart from
its carefully chosen very low or very high value at
only 2kc/s.

Let us now turn to the consideration of the input
impedance. In Figs. 51 and 52 we have applied
the feedback voltage in series with the input voltage,
but this is not the only way of connecting the feed-
back. We shall, however, treat this method first.
The input circuit can be drawn in the form shown
in Fig. 53. We have

V1 = Vo + P’ﬁvl
so that V(1 — pp) =V,
and I, =V, /R, = Vo/(1 — up)R,

The input impedance is therefore (1 — ppR,
instead of simply R,, so that by this method of
connection we can multiply the input impedance by
about the usual factor |u8].

The alternative arrangement is to introduce the
feedback in series with R, in the way shown in
Fig. 54. For this circuit we can again write down
the equations, which are simply

Vo=V,
I, = (V, — Vf)/Ro
Vf = F'ﬁv1 = p.ﬁvo

A\Y
so that I_o = Ry/(1 — phy) ~ Ro/ll’-ﬁl
0
The input impedance is here reduced by the
factor |pB| in the region where this is high. This
form of the circuit is more familiar when drawn in
the style of Fig. 55 although it is quite easy to see
by using Thévenin’s Theorem and looking in at the
point A that this is really just the same as Fig. 54.
We have seen that the effect of feedback is to
multiply the input and output impedances or
admittances by a factor (1 — pB) and that the method
of connection of the feedback path determines
whether it will be the impedance which is multiplied,
giving a higher impedance, or the admittance, giving '
a lower impedance. This presumes that pf is in
fact negative. There is no reason why we should not
consider the possibility of g being in fact a positive

Fig. 53.  Circuit for I
determining the effect
of series applied voltage
feedback on the input
impedance of an ampli-
fier.

Fig. 54. Circuit for
determining the effect
of parallel applied volt-
° age feedback on the
input impedance of an
amplifier.
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NN
A |
o Fig. 55.  Alternative

and more familiar
version of Fig. 54.

quantity having a value less than unity, We know,
indeed, from our earlier studies, that at the extremes
of the working range it is very common for the
phase of the amplifier to have come round through
180° and that this point, where we measure the
gain margin, corresponds to just such a condition.
Let us take, for example, 8 = 0.9, when we shall
have (1 — pB) = 0.1, and in the circuit of Fig. 52,
with current feedback, the output impedance will
be reduced by a factor of 10. At the same time, of
course, the overall gain with feedback connected
will increase by the same factor.

A reduction of output impedance of this order is
a matter of very considerable importance because it
greatly eases the problem of obtaining amplifiers of
very low output impedance without introducing
large amounts of negative feedback. The system as
a whole will always be provided with negative feed-
back to maintain its characteristics uniform but
local positive feedback can be used at the output to
produce this lowering of gain, with a further reduc-

tion produced by the negative feedback. A split
of this kind is easily seen to be desirable. If we
look at the form (1 — pB) and note that uf is to be
in the region of 0.9 we see that p must be well
defined: obviously we must have as few valves in
the loop as possible. The working point of these
valves is then stabilized and the feedback adjusted
to give the required performance. Circuits of this
kind have proved very satisfactory in operation
although we have no space here to consider the
details.

The other application is the production of infinite
input impedance. By using positive feedback of the
type shown in Fig. 54 we can again get this multi-
plication by 1/(1 — pf) which with 8 = 0.9 becomes
a factor of 10. For experimental work using a
system of this kind, the forward gain p can be
obtained from a high-gain amplifier with a lot of
negative feedback, the type of amplifier used in
analogue computers. This will give a small but very
stable value of p so that pf can be trimmed to be
reliably within, say, 1% of unity. Starting off with a
high impedance the resulting impedance will be as
high as the drift of the system will allow.

Tt will be noted that if we make pg > 1 in this sort
of circuit, we shall have a negative value for the two
impedances R(1 — B) and R/(1 — ppB). There are
important applications for this effect and we shall
discuss it.

BOOKS RECEIVED

Satellite Tracking, by Stanley Macko, The tech-
nology of satellite launching and tracking is still re-
garded as a “mystic art ” by many non-technical people,
and this book is intended to convey a little more en-
lightment on the subject. Introductory chapters on the
structure of planetary systems are followed by a dis-
cussion on the computation and evaluation from tracking
data of orbital elements (parameters which define the
satellite’s track). The essentials of missile trajectories are
explained, and brief descriptions are given of the in-
strumentation of the Atlantic missile range. Pp. 128.
John F. Rider Publisher Inc., 116, West 14th Street,
New York 11, N.Y. Price $5.50.

The Wave-guide Mode Theory of Wave Propagation,
by K. G. Budden. A study of the propagation of two
types of wave which, though physically entirely different
in form, possess certain similarities. Radio waves be-
tween the earth and ionosphere, and sound waves be-
tween the bed and surface of the sea can be treated
mathematically in broadly similar ways, and this book,
which is based on a series of lectures, deals in a general
way with wave propagation in stratified systems. A
knowledge of calculus and the theory of complex vari-
ables is assumed. Pp. 325. Academic Press Inc. (Lon-
don), Ltd., Wing 1, 7th Floor, Berkeley Square House,
Berkeley Square, London, W.1. Price 70s.

Handbook of Electronic Tables and Formulae, edited
by D. Herrington & S. Meacham. A collection of use-
ful formulae, constants, symbols, etc., in constant use.
The book was originally published in the U.S.A. and
the fact is reflected in some of the information given.
Television, for instance, is assumed to be of the Ameri-
can standard, and valve equivalent tables are U.S.-to-
European. Pp. 126. George Allen & Unwin Ltd,
Ruskin House, 40, Museum Street; London, W.C.1.
Price 15s.
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British Standards Yearbook 1962. Contains informa-
tion on the Institution and its services. In addition to
a list of British Standards, publications of the interna-
tional standards organizations are listed and briefly des-
cribed. A list of British Standards Codes of Practice
in building and engineering is given. Pp. 670. British
Standards Institution, British Standards House, 2, Park
Street, London, W.1, Price 15s.

Intelligent Machines, by D. A. Bell. An introduc-
tory text for the scientifically inclined layman on the
subject of cybernetics. A broad background is given on
information theory, communications and the elements of
control systems, after which more specific information
is presented on computers and “learning” machines.
Biological cybernetics are discussed, and the philo-
sophical aspects of “automation” dealt with in the
epilogue. Pp. 98. Sir Isaac Pitman & Sons Ltd., Pit-
man House, Parker Street, Kingsway, London, W.C.2.
Price 12s 6d.

The Broadcasting. of Music in Television. In four
parts, this B.B.C. Engineering Division Monograph is
written by four members of the B.B.C. staff from the
points of view programmes, engineering and operation.
In the section on operational technique, subjects dealt
with include artificial reverberation and problems associ-
ated with operatic productions. A complete section is
devoted to studio acoustics. Pp. 24. B.B.C. Publica-
tions, 35, Marylebone High Street, London, W.1. Price
Ss.

The Measurement of Frequency, by L. Essen, E. G.
Hope and K. Morris. No. 28 of the N.P.L. Notes on
Applied Science, this booklet gives an account of tech-
niques and equipment used in frequency measurement
to an accuracy of a few parts in 10*. Both digital and
resonance meters are described. Pp. 16. H.M.S.O,
York House, Kingsway, London, W.C.2. Price 1s ad.
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water vapour which then appear in
the tantalum films, producing resis-
tors with a relatively wide range of
resistivity and temperature coeffici-
ent. These ranges can be greatly re-
duced by adding small amounts (one
to ten per cent by pressure) of nitro-
gen to the argon so as to override
the other impurities. Resistors pro-
duced by this process are also more
stable with time by a factor of ten.

Biological transmitter power may be
obtainable from body movements
according to a paper given by F. M.
Long at the International Conven-
tion of the I.R.E. Normally intern-
ally implanted radio transmitters for
providing physiological data are
powered by batteries whose rela-
tively short life limits the usefulness
of the transmitter. However, Long
proposes to use the relative motion
between the diaphragm and rib cage
to drive an ordinary gramophone
pickup cartridge to produce a power
of the order of a microwatt—such a
power being sufficient to drive a tun-
nel diode oscillator transmitter.

Triple play tape introduced into this
country by B.A.S.F. has a total thick-
ness of 0.018mm-—one-third that of
standard play tape. A polyester base
and normal magnetic coating are
used. It is available on 3, 4 and 4%
inch spools holding 450, 900 and
1,200 feet of tape respectively.

Photomultiplier valve without an en-
velope has been developed by the
International Telephone and Tele-
graph Corporation for use in outer
space where, since there is no air,
there is no need for an envelope (see
page 100 of the April issue of Tele-
communication Fournal).

Frequency divider or non-displaying
scaler is described in Rectifier News
published by International Rectifier.
The division is performed by the
“cup-and-bucket” or diode pump
staircase generator, a double-base
diode being used to empty the
“bucket.” The staircase is exponen-
tial, but the temperature stability of
the device is such that jitter-free
operation is obtained, the ratio being
determined solely by the capacitors
according to the formula f,;=

Cifin/C,+C,. The diode, known as
the QT-1, is designed specifically for
the triggering of silicon controlled
rectifiers, and operates over the range
—65°C to 140°C.

Tout

WIRELESS WORLD, SEPTEMBER 1962

SUB-MINIATURE MICRO-SWITCH

A fully enclosed, precision micro-switch, of
extremely small size, only 25/32in. long x §in.
high x }in. thick. Operated by a centrally
positioned button, switching arrangement is
either S.P.C.O. or alternative circuit. Connec-
tions are solder tags with contacts of Heavy
“Fine Silver” for best possible electrical
performance.

THREE POSITION ROCKER-SWITCHES
A complete range of moulded switches, con-
sisting of eight double-pole and eight single-pole
models rated 6-10A. at 250 v. A.C. All are
manufactured to the highest possible standards,
and have smooth snap action, terminal connec-
tions and chrome plated dollies and fixing
nuts are standard.

MINIATURE FUSE-HOLDERS
A new pair of panel-mounting Miniature Fuse-
Holders, moulded in glossy black bakelite, with
screw-in front knob, silver plated metal parts
and shock proof construction. One model takes
3/16in. x 4§in. fuse links and the other
5 mm. x 20 mm. fuse links.

SIGNAL LAMP WITH BUILT-IN RESISTOR
A simple and inexpensive, yet very efficient
Neon Indicator. Having a polished chrome bezel
and a choice of three lens colours, Red, Yellow
or Water-Clear, it is supplied complete with
wired-in resistor and twin leads ready for im-
mediate use at 110 v. or 250 v. operation.

MAGNIFYING CURSOR INDICATOR
For easy reading and precise adjustment of dials
that have fine legending etc., this accessory is
gaining popularity. Cursor gives approximately
2 X magnification and two cursor-lines avoid
parallax-error. Two models are available, non-
illuminated or illuminated, the latter throwing
a gentle, uncoloured glow on the dial edge and
panel.

A.F. BULGIN & CO. LTD,,
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List No. S.800

List No. 5.780-787
List No. S.790-797
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List No. F, 296-297

List No. D. 845-846

FURTHER DETAILS/DRAWINGS AVAILABLE ON REQUEST

BYE-PASS ROAD, BARKING, ESSEX.
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