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The Industry and the Show

“WHY is it that British manufacturers cannot stage a radio show?” This question
has been prompted by the announcement from International Trade Fairs that the
“65 Show” proposed for the autumn will not now take place. Comparisons were
immediately drawn with the successful shows of the German radio industry and
with the international shows staged in Paris.

The failure of the Show to get off the ground was certainly not for the want of
effort on the part of the organizers who took over the task from the industry’s own
exhibition company—Radio Industry Exhibitions Ltd.  The real problem was lack
of support from the members of the industry. Three of the major companies—
Thorn, G.E.C. and Philips, which together account for thirteen brand names—
announced that they would hold independent trade shows and would not be parti-
cipating in the Show. A dozen or so overseas manufacturers had promised to participate
and many others had shown interest in the project but only two or three British
companies promised support.

Some feel that British manufacturers are afraid of overseas competition and therefore
do not wish to encourage imports by participating in this the first international show.
Others suggest that because the radio industry is in something of a trough at the
moment manufacturers cannot afford the expense of exhibiting. Both may be right
in part but it is possible that the root cause of the failure of the British radio industry

~ to put on a show comparable with the Continental counterparts is the fact that in

this country there is no one organization, as in Germany and France, to co-ordinate
the efforts of the whole industry. In France, the associations for the various sections
of the industry—components, receivers, valves and semiconductors, audio equipment
and professional radio and electronic equipment—are co-ordinated by the Federation
Nationale des Industries Electroniques (F.N.I.LE.). Similarly in Germany the Verband
Deutscher Elektrotechniker (V.D.E.) is the whole industry’s co-ordinator. This cannot
be said of the U.K. Each association appears to be intent on maintaining its influence
in its own particular sphere of activity and the Radio Industry Council lacks either the
power or the necessary authority to act as a co-ordinating body.

To revert to the question of foreign competition. It is recorded in the annual report
of the British Radio Equipment Manufacturers’ Association that U.K. production of
domestic receivers has declined during the last three years “and it is a matter of grave
concern to the industry that in an expanding market the U.K.-produced element con-
tinues to diminish in the face of low-cost competition from Hong Kong and Japan.
Radio receiver imports, which, it is estimated, already account for about 50 per cent
of the total home market numerically and about 20 per cent by value, will almost
certainly increase both in volume and range and it is the view of the Association that
they constitute a major threat to the future viability of the industry.” It would seem,
however, that the life blood of some B.R.E.M.A. members is actually being maintained
by a “transfusion” from the source of this so-called threat as several of them are now
importing complete sets and marketing them under their own trade names. Maybe
their motto 1s: “If you can’t beat ’em, join ’em.”
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Silicon Transistor Tape Recorder

1. DESIGN CONSIDERATIONS

By D. L. GRUNDY * and J. COLLINS*

For use with Collaro Studic or Wearite 4B tape deck
B 7W low-distortion playback power amplifier, 20 c¢/s—

20 kc/s B recording level indicator

B good regulation

power supply B silicon semiconductors throughout ease

temperature compensation B unit construction

N the past, a considerable amount of information has
been published on the design of high quality tran-
sistor audio amplifiers. A high quality transistor tape

reccrder is perhaps 2 natural sequel. This two-part
article outlines the design of such a recorder developed
by the authors.

- Silicon transistors have been employed throughout
They offer the outstanding advantages of indefinite life
and elimination of the need for temperature compensa-
tion, and permit a flexibility of design not always possible
with their germanium counterparts,

Regarding the choice of passive components in the
circuits, the playback and record amplifiers have been
SO de31gned that they do not contain any unwieldy, in-
convenient inductive components in the form of chokes
or transformers. It is the authors’ opinion and experi-
ence that the disadvantages associated with such com-
ponents in audio circuits far outweigh their advantages,
which in the majority of cases are merely superficial. An

exception is the erase/bias oscillator, where large ampli-
tude oscillations have to be derived from a relatively low
supply voltage, and which therefore necessitates a trans-
former. The alternative method would be an RC oscil-
lator and power amplifier fed from a high supply voltage.
This has been discarded at present because of the lack
of availability of an inexpensive transistor with a suffici-
ently high breakdown voltage.

The electronic circuitry, ie. high-gain amplifiers,
erase/bias oscillator, and record level indicator, has been
designed for use with a Collaro Studio tape deck, record/
playback head type C1, and erase head type CEl. Every
effort, however, has been made in the design to accom-
modate other manufacturers’ decks with the minimum
amount of modification. This has been accomplished
by presenting the record/playback head with a high input
1mpedance (100 k() on playback, so that the frequency

*Applications Laboratory, Ferranu 1L.td.
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response of the playback preamplifier throughout the
audio range is unaffected by the source inductance. For
recording the head is fed from a high series resistance
(180k(2), which effectively constitutes a constant current
source. The value of this resistance may be adjusted
accordingly to supply most medium to high impedance
heads with sufficient signal current to fully saturate the
tape.

The playback and recording systems may be sub-
divided as follows:—

Playback System
(i) A 4-stage equalized preamplifier including tone
controls. '
(ii) A series-type 7W transformerless power amplifier.

Recording System
(i) A 4-stage equalized high-gain amplifier, with
microphone and radio inputs.
(ii) A recording level indicator.
(iii) A push-pull oscillator performing both functions
of erase and bias.
A high-stability power pack provides the necessary

supply.
PLAYBACK SYSTEM

(i) Playback Preamplifier

This is shown in Fig. 1. Trl and Tr2 are low noise, high
gain silicon planar transistors. Compatible with low
noise requirements, Trl is run at a low quiescent emitter
current of 50 #A, and has an input impedance of approxi-
mately 100kQ which ensures that the break frequency
associated with the input impedance and record/play-
back head inductance (600mH at-1 kc/s) 1s outside the
audio range. Sufficient emitter degeneration is contained
in the stage for a low total harmonic distortion content.

Equalization.—The fully equalized playback response
for tape speeds of 7% in/sec and 33 in/sec is shown in
Fig. 2. Bass equalization is accomplished by frequency-
selective negative current feedback from the emitter of
Tr3 to the base of Tr2. At low frequencies negative
feedback is reduced and a controlled amount of positive
feedback is developed due to phase-shift introduced by
coupling capacitors C, and C,. At 7% in/sec this gives
a corresponding fall in response with frequency very
nearly equivalent to a combination of series capacitor and
resistor having a time constant of 75 us and turnover
frequency at 3kc/s. The response is within 1dB of the
recommended C.C.I.R. test tape. A 150 ps time constant
has been adopted for 32 in/sec giving a turnover between
1ke/s and 2ke/s. The combined effect of positive and
negative feedback produces a desirable rapid rate of
attenuation below 30 c/s.

WIRELESS WORLD, JULY 1965

FREQUENCY (c/s)

In order to compensate for head losses at high frequen-
cies it is necessary for some degree of treble lift to be
applied. This has been accomplished by the network
C,, R, and R,,, in the emitter of Tr3 which provides
about 6dB of lift up to 15kc/s, after which high fre-
quency roll-off commences due to C;. The same fixed
amount of lift is employed for both 7% in/sec and 33
in/sec.

Tone controls.—These are of the continuously vari-
able type allowing independent control of bass and
treble and situated in a feedback loop from collector to base
of Tr4. The bass control, R,,, will provide 10-12dB
of boost and cut (at 50 ¢/s relative to 1 kc/s) from the flat
position to the extremities of the potentiometer. R,; is
a treble cut giving a 14dB variation from 1kc/s to
10 kc/s. The mid-frequency gain will be affected =1dB
by each control, interaction between the two being
negligible. Tr4 provides the necessary amplification to
raise the signal to the input level of the power amplifier.

Noise and signal handling capacity.—The volume con-
trol has been situated at the preamplifier output to main-
tain a constant signal-to-noise ratio for all settings. This
also fulfils the condition that with the control set to mini-
mum the overall system noise is inaudible. Care has been
taken throughout to ensure that the signal levels pre-
sented to each stage input are large enough not to impair
the general signal-to-noise ratio (50dB), which will be
determined principally by first stage noise.

To accommodate variations in the tape-head output
due to different levels in recording it is necessary that
the preamplifier is capable of withstanding some degree
of overload on its normal sensitivity of 1.5 mV r.m.s.,
without the introduction of severe harmonic distortion.
This imposes a problem on the restricted signal handling
capacity of Trl due to its very low quiescent current.
Emitter degeneration, however enables it to accept an
input signal overload of 4:1 resulting in a 0.3% increase
in harmonic distortion content,

Stability.—The preamplifier would normally require a
12V supply and have a current consumption of approxi-
mately 8 mA, making it ideally suitable for battery use.
It is perhaps more convenient to take the supply from
the positive rail of the power supply as shown, in which
case adequate decoupling must be employed especially
because of the large amount of bass lift present in the
circuit.

(ii) Main Amplifier
This features a series-type transformerless class B ampli-

fier capable of delivering 7W into a 15Q resistive load
from 20 c/s to 20kc/s with an average overall efficiency

325

www americanradiohistorv com


www.americanradiohistory.com

of 60°,. It is therefore suitable for use with most
types of 15¢2 loudspeakers. RC coupling has been em-
ployed throughout, in preference to direct coupling, to
minimize drift and facilitate the setting up procedure
while still preserving the lower audio frequencies. Silicon
transistors hold distinct advantages over their germanium
counterparts in power stages in that they are inherently
capable of operating at higher ambient temperatures,

and their low leakage makes temperature compensation
almost unnecessary. Provide
ployed therefore, at high audi
drift and thermal runaway ar

frequency response of silicon

very often superior.

The output stage is basically asymmetrical, Trl0Q is

d suitable biasing is em-
o frequencies problems like
e less likely to occur. The
power transistors is also

Kesistors
R, 22MQ R, 2.7k Ry, 330kQ
R, 56kQ R;5; 1500 Rgs 3.3kQ
Ry 2.2kQ Ry 100QF Rgo 120kQ
R, 2.7MQ Ry, 2.7k R+ 1kQ
R; 560kQ R3g 150Q R-; 3.3kQ
R, 560kQ R39 100Q7 R-, 4700
R, 39kQ Ry 270Q R,; 680k
Rg 82kQ R41 56Q R74 ZZI(Q
Ry, 470 Ry» 560 R, ; 680kQ
R;, 120Q Ry; 0.5Q(2W) R;s 22kQ
Ri; 100kQ Ry4 0.5Q (2W) R-- 1.5kQ
R, 1kQ R,; 120kQ R-.s 82kQ
R 390Q Rys 330kQ R-y 27k
R, 1.8kQ Ry, 6.8kQ Rgy 1kQ
R, 5kQ* R,g 50kQ* Rg; 4.7kQ
R, 1.5k R,y 5.6k Rg. 100kOQ*
Ri; 5kOQ* R;; 6.8k Rg; 50Q (preset)
Ris 150kQ ‘Rsq1 180k Rgy 2.7kQ
ng 1.5kQ R52 15k Q2 R85 50Q (preset)
Ry, 3.9k R;5 15kQ Rgs 33Q
Ry, 5kQ* R;y 2.7kQ Rg; 25kQ*
R, 39k R;s 3.9kQ Rgg 470
Rs,; 680Q2 R;; 8.2kQ Rgg 2.7kQ
Ry, 10Q R;, 330Q Ry, 2.7kQ
o5 22KkQ R;¢s 680k} Rgy; 330Q
o H60Q Ry 6.8kQ2 Rgo 20002 (3W)
o7 1.5kQ (1W) Ry 180kQ Rg3 2.2kQ
og 270 Ry 100kQ Ry, 3300
o9  15kQ R;o 50kQ* Rg5 3900
R, 1.5kQ Rgz 27kQ Ry 5kO*
31 3200 Rgy 33kQO Ry, 3.3kQ)
30 2200 Rgs 3.9kQ Ryg 1500 (3W)
33 2200 Rg 39Q
Notes:—

All resistors 4 watt 109 unless otherwise stated.
*Linear carbon types.

TPreset types which may be replaced by fixed resistors

after setting up, see text.

Transformers

LIST OF CO

MPONENTS

Ty Mullard Ferrite core, FX2242.

Lis Ly, 4 turns 34 s.w.g. (ename!l covered).
L, 15-+15 turns 34 s.w.g. (enamel covered)
L, 45125 turns 34 s.w.g. (enamel covered)

T» Mullard nylon bobbin, DT2012.

3 Primary: 200 turns 36 s.w.g. (enamel covered), 110, 1mH,
centre tapped.
Secl?lndary: 400 turns 36 s.w.g. (enamel covered), 170,
3mH.

T3 Douglas MT3AT or Gardner TP1002.
Primary: 0-230V, secondary 0-20V.

connected as an emitter follower and Trll is in com-
mon-emitter configuration. The drivers, Tr8 and Tr9,
are both emitter followers. Asymmetrical drive condi-
tions are therefore required for upper and lower halves,
and the split-load phase inverter is 1deally suited for
this purpose. Positive bootstrap feedback, developed
across R,,via C,,, is necessary to equalize the power
gains of the two halves so that the maximum voltage
swing across the loudspeaker load is attained. The
presence of diodes D, and D, assists in providing a
stable bias source for the drivers which being directly
coupled to the output stage produces a standing current
between 10 and 20mA in the output transistors for the
elimination of crossover distortion. Harmonic distortion
1s minimized and the high frequency response enhanced

Capacitors |
C]_ 0.5[.LF C24f IOO}LF, 12V C47 l,uF
C2 0.04#F C25 IOO,U.F_, ].2V C48 25}LF, 12V
C3 Ol‘lLF* CQG ZOOOHF, 25V C49 ].[LF
C, 0.024F Co7 1004F,50V  Cov 1uF
C; O0.02uF Cox 0.14F Cs; 100pF
Co 0.1F* Coo 25uF, 12V Cype 4700pF
C7 2200pF C30 I}LF C53 0.04PLF
Cg 0.25MF* C31 ].}LF C54, O.S#F
Cg 25,LLF, 12V C32 O.I#F* C55 3300pF
C].O IOOMF, 25V C33 680pF CEB 220p1:"
Cll O.SMF* (:345 680pF C57 220pF
C12 O.S/LF* C35 680pF C58 IMF*
C13 25#F, 12V C‘q(; 680pF : C59 0.0Z#F
Clﬁ: 0.0S#F C37 15OOPF CGO O.SMF A
Cis 254F, 12V Cay 1500pF Ce1 0.1uF, 1000V
Cis 500uF,25V Car 1.F Cez 50004F, 50V
C17 ZS#F, 12V C&O ].OOpF C63 SOOOMF’ 50V
C18 470pF C4_1 O.I[LF* CG%L 250,LLF, 100V
Cio 25uF,25V  C,, 0.1F Ces 0.01F
C20 ZSMF, 12V Cq__g ].HF " C66 25,uF, 25V
C2]. ZSMF, 12V C44: l,uF . C67 SOMF, SOV
Cao 680pF C,, 68pF _
C23 ZSOMF, ].2V C,;“; SOMF, SOV
*Non electrolytic.,

Fuses
F, F, 1A fast acting fuse, Belling Lee type L.1510.
Semiconauccors :
D;—D, 4870, ZR&0, ZS700, ZR600, ZDR1*
Dy, D;q 7S130, ZS142, ZDR4*
Dy, Dy, ZR12, ZDR3*

o ZS70, ZR60, ZS700, ZR600, ZDR1*
ZD, KS44B, ZK 3+
ZD, KS36B, ZKS2*
7D, KS33A, ZKS1*
7D, KR54, ZKR2*
TII, Trz ZT1711, ZTR18=Z= '
Tra—Teg ZT80, ZT81, ZT83, ZTR11*

Tr, Z7T44, T84, ZTR16*

Try, Tr, ZT2270, ZT90, ZTR14*
rio Try;  ZT1701, ZT1483, ZTR13*
Tris, Try3  ZT80, ZT81, ZT83, ZTR11*

4, Trl5 ZT44, ZT84, ZTR16*

Trys ZT80, ZT81, ZT83, ZTR11*

Try;—Tryy  ZT81, ZT43, ZT83, ZTR12*
Try1, Trey  ZT1701, ZT1483, ZTR13*
Trog—Tres  ZT81, ZT43, ZT83, ZTR12*
Trog ZT2270, ZT90, ZTR14*

Tt,, ZT1701, ZT1483, ZTR13*

Items marked thus * are included in two semiconductor kits available
from Ferranti Ltd. Thekits are designated TR100W for [the Wearite deck
version .and TR100C for the Collaro deck version.
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Fig. 3. 7-watt power amplifier.

Tri0 and Tril are mounted on 2X2X <% in copper or aluminium heat sinks insulated from the chassis.

Alternatively, the chassis may serve as a heat sink, from which Trl0 and Tril are electrically insulated by 0-002in mica washers.

by feeding the output stage from the low output im-
pedance of the emitter follower drivers.

Voltage feedback is taken from the loudspeaker to the
emitter of Tr6. TrS and Tr6 are conventional common-
emitter stages employing local feedback from collector
to base and also emitter degeneration.

To accommodate output transistor spreads the resistors
R,, and R,, must necessarily be preset types, and the
amplifier will depend for correct operation on their set-
tings. These perform the functions of (1) controlling the
standing current for elimination of crossover distortion,
and (2) allowing the maximum voltage swing across the
loudspeaker load to be attained. When optimally ad-
justed their values may be determined and they can be
replaced by fixed resistors, the value being about 82f2
for typical transistors.

While the use of an oscilloscope and signal generator
would be an advantage, a simple d.c. check ensures that
the two conditions are satisfied and can produce near
optimum results. With an Avometer inserted in the 40V
rail (100 mA range) the preset controls should be in-
creased in turn from minimum until the Avometer reads
70 mA. At the same time it is necessary to check that the

d.c. collector voltage of Trll remains at approximately
one half of the supply voltage, i.e., 20 + 1V. The second
check ensures that condition (2) is fulfilled and that
the standby dissipation of the output transistors is the
same.

Main Amplifier Specification

Supply voltage 40 V (stabilized).

Nominal input impedance  1Kk{.

Nominal output impedance << 1€

Nominal input sensitivity 20mV r.m.s.

Power output 7W (20c/s to 20kc/s) into a 15€
resistive load. -

Total harmonic distortion typically 0-25% at 1kc/s.

' Bandwidth (with C,; and C,, removed) 1 Mc/s at 1W

output.

RECORDING SYSTEM
(1) Recording Amplifier |

The recording amplifier includes the necessary stages of
amplification for low and high level inputs, equalization

)

Q
®

<
o

Fig. 4. Power amplifier
harmonic distortion.

Q
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RECORDING LEVEL
P [NDICATOR

Fig. 5. Recording amplifier circuit.

and also an output stage to feed the recording head.

The output stage must be capable of feeding the
recording head with a constant recording current at
all audio frequencies and include some provision for
isolating the bias voltage from the amplifier output other-
wise severe clipping would result. \

In conventional circuits a popular method is to use
a step-up transformer in a single-ended output stage,
enabling a large output swing to be attained. Inserting
a high value series or swamp resistance at the amplifier
output then ensures that the head is fed from a constant-
current source. To reject the bias voltage a filter in
the form of a tuned parallel 1.C circuit or parallel-T RC
network is sometimes included before the record head.
Whether the filter is necessary or not really depends on
the amplifier output impedance since with a low output
impedance the bias voltage could already be sufficiently
attenuated through the swamp resistance.

In the adopted method, which avoids a transformer,
the large output swing is obtained by running the out-

put stage from a high supply voltage. Sufficient local
negative feedback applied from the emitter of Tris
to the base of Trl4 preserves a high degree of linearity
in spite of the large dynamic excursions.

Since Trl5 is an emitter follower encompassed by a
feedback loop, the amplifier output impedance will be
very low and will decrease with increasing frequency
because of the shunting effect of C,,. At the oscillator
frequency (55kc/s) it is approximately 500Q. An addi-

‘tional bias rejection filter is therefore unnecessary since

the bias voltage will automatically be attenuated by a
factor of 3000:1, i.e. the ratio of the swamp resistance
to the amplifier output impedance.

It the transformer is to be avoided then a capacitor
(C,)) must be used to couple the output stage to the

‘recording head. It is essential that this component is a

non-electrolytic type, having negligible leakage and so
prevent any d.c. magnetization of the recording head.

Equalization.—This is accomplished by a parallel-T

14
: Puin/sec / 7h2in/sec |-
12
/ A /
10 y
2 A
~ 8
> \
":O? 6 7 \ \\ Fig. 6. Record amplifier ampli-
w J/ \ \\ tude-frequency response.
: AR VAR1 —
g, / / \
/ N
0 T —T o~
//
-2
10 102 Cod 104 o 103
| FREQUENCY (c/s)
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RC network in a feedback path from collector to base
of Trl3. It provides treble lift to compensate for
head losses above 1kc/s (see Fig. 6). Approximately
14dB of lift is required at 16 kc/s (relative to 1kc/s)
for a tape speed of 7% in/sec while the same amount of
lift is required at 8 kc/s for 33 in/sec. The frequency
of the peaked response is accordingly altered by switch-
ing each arm capacitance of the parallel-T network.

Tr12 is run at a quiescent current of 1mA, and has
an input impedance of 1 k{. It is intended for use
with a low-medium impedance dynamic or ribbon 'micro-
phone. Input sensitivities are 1mV r.m.s. for micro-
phone and 100mV for radio, corresponding signal-to-
noise ratios being 70dB and 60dB respectively.

(ii) Recording Level Indicator

A recording level indicator should essentially be a peak
registering type because music has a large peak-to-mean
ratio. To sensibly accomplish this, the indicator should
have a fast attack time and slow decay time, and prefer-
ably follow a logarithmic law. Fig. 7 shows such an
indicator.

The signal at the base of Trl6 is amplified and fed
directly into the base of Trl7, where Trl7 and Trl8 are
a differential pair. The differential output is rectified
by diodes D, and D, so that a change in d.c. level at the
base of Trl9 produces a collector current variation in
Tr20 which is directly proportional to the amplitude of
the audio input.

The instrument attack time is determined by C;, and
R., and is approximately 20ms. Its decay time is deter-
mined by C;, and the input impedance of the compound
emitter follower Trl9 and Tr20 and is approximately
1.5 seconds.

The reference diodes ZD, and ZD, in the collector of
Tr5 form a non-linear network so that a logarithmic rela-

tionship is obtained between the meter current and the

applied input signal. This relationship is such that for
a meter scale of 10 divisions each division corresponds to
an input differential of 6dB.

A slight forward bias is applied to diode D, and
D, wvia resistive chains R;,, R;,, R;, and R;;, to prevent
non-llneanty being introduced by their forward charac-
teristics. This will give rise to an initial no-signal reading
on the meter of 14A.

WIRELESS WORLD, JuLy 1965

Peak recording level.—This is a level chosen so that
the amount of distortion introduced due to the ncn-
linearity of the tape B-H curve is about 2%. With the
Collaro record/playback head type C1 at optimum h.f.
bias current this condition corresponds to a recording
current of SO/AA r.m.s.

To monitor this current a 50 resistor is inserted in
the earthed lead of the recording head. A 1 kc/s signal
source 1s then injected into the radio input of the record-
ing amplifier and the voltage across the resistor measured
with a valve voltmeter or oscilloscope.

The potentiometer R;, may then be adjusted so that
peak recording level may be set at any desired point on the
meter scale. About two-thirds full scale deflection is
usually most convenient.

(iii) Erase/Bias Oscillator
Fig. 8 shows a push-pull 55kc/s oscillator which pro-

- vides erase and bias signals. Second harmonic distortion

BIAS
1T0 S2a
= C 51
ERASE HEAD
—0 O
é/\Rez I # |
[ & Cs2 7%
SEEESEESEEISSSSSSE=ESE=EE T
Lt L2 L3 +20V
? . o N 7T\ Vg 2 —9 0

Fig. 8. Erase and bias oscillator designed for Collaro Studio
tape deck.
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Fig. 9. Class D oscillator designed for use with Wearite deck,
mode! 4B.

content is low (<<19% of the rated output) due to the
symmetrical drive arrangement which tends to cancel
even harmonic distortion. This is particularly important
since the presence of even harmonics will increase the

noise level on the tape. The generated waveform should
therefore be as pure as possible.

Initial warm-up effects are compensated by the net-
work D., R,, C., which maintains high amplitude
stability so that the h.f. bias level does not vary signifi-
cantly. The frequency of oscillation is determined by
the tuning capacitor C,, directly across the erase head. At
this frequency the erase voltage is approximately 28V
r.m.s. and the bias voltage which is controlled by the
preset resistor R,, is variable between 40 and 60 V r.m.s.

The preset resistors R, and R,; exercise considerable
influence over the generated waveform and should be set
for the best waveform attainable, after which they may
be replaced conveniently by fixed resistors. In the
author’s case the value of the resistors 18{2. The dissi-
pation in transistors Tr21 and Tr22 is such that heat
sinks are unnecessary.

The decoupling capacitor C;, helps to produce a decay-
ing ultrasonic voltage when switching off the supply
which substantially demagnetizes the head.

At this stage it is worth mentioning a highly efficient
class D oscillator which was designed for use with the
Wearite tape deck model 4B. Very briefly the circuit
(Fig. 9) behaves like an inverter with a tuned secondary
winding, and relies on rapid switching action so that

- square waves appear at the transistor collectors. The

harmonics are filtered out by the tuned circuit leaving a

sine wave of fundamental frequency 56 kc/s. Approxi-

mately 30 V r.m.s. is developed across the erase head.
Square-wave operation ensures that transistor dissipa-

" tion is reduced to a minimum, enabling small signal

general-purpose types to be used. '

To be concluded. Details of the power supply, con-
structional notes and a wiring diagram of the complete
system will be published next month.

H. F. PREDICTIONS — JULY
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The prediction curves show the median standard MUF,
optimum traffic frequency and the lowest usable frequency
(LUF) for reception in this country. Unlike the standard
MUF, the LUF is closely dependent upon such factors as
transmitter power, aerials, and the type of modulation. The
LUF curves shown are those drawn by Cable and Wireless
Ltd. for commercial telegraphy and assume the use of trans-
mitter power of several kilowatts and aerials of the rhombic
type. »

Conditions this month should differ very little from those
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s MEDIAN STANDARD MUF
---------- OPTIMUM TRAFFIC FREQUENCY
———— LOWEST USABLE HF

experienced in July 1963, as the ionospheric index is almost
the same for the two months.

As is usual near to sunspot minimum it may well be found
that frequencies considerably above the MUF can sometimes
be received. This is particularly true during daytime in the
summer months and for circuits to the Far East.

WIRELESS WORLD, JUuLY 1965
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manufacturers will always require semiconductor active
devices for connection to the thin film networks. Equally
the planar process which is the basis of the manufacture
of semiconductor integrated circuits relies heavily on
thin film techniques—a thin film of silicon dioxide is
used for passivation in the manufacturing process and
thin aluminium films provide the interconnections within
the integrated circuit. There is thus no basic conflict
between the techniques. The misunderstanding arises
because of the difference between the end products being
offered by the two protagonists, as we shall see below.
The normal thin film circuit (t.f.c.) of the type being
offered commercially on the market comprises an inert
substrate (usually of glass or ceramic; of prime dimen-
sions of the order of centimetres), on to which are
. deposited, by evaporation, sputtering, plating, silk
screening or any other similar process, thin layers of
materials which perform the functions of resistors, capa-
citors or conductors, depending on the material used.
These are deposited in a suitable pattern so as to form a
complete network. Because these techniques do not per-
mit the production of active components, conventional
diodes and transistors must subsequently be attached to
form a complete functional circuit. (Thin film transistors
and diodes are under current investigation, but are not as
yet a realistic proposition.) This obviously entails a multi-
plicity of connections and does not lead to a very high
order of reliability. Thin film circuits, however, may
be more useful where passive networks only are required
—for attenuators, RC phase shifting networks, etc.

Extension of planar technology

The semiconductor integrated circuit (s.i.c.), as has been
stated previously, is based on the planar transistor tech-
nology.

An extension of this technology utilizing the same pro-
cesses of photo-lithography, etching, diffusion and
epitaxy, permits the formation of resistors and capacitors
as well as transistors and diodes, so that entire electronic
circuits are achievable through the same sequence of
operations. The details of the technology are well docu-
mented, and it is not the purpose of a brief review such
as this to go into them in any depth. It is, however,
worth while explaining how, by the use of refined, photo-
lithographic techniques, very complex patterns can be
etched with a high degree of accuracy into the silicon
dioxide layer which forms a hard, glasslike protective
coating over the silicon slice. These patterns, when
suitably treated in a diffusion furnace, result in one of
the electrodes of a transistor or a diode or perhaps in
a resistor. OQther patterns are etched and treated in
subsequent operations to form a circuit. The circuit is
completed by the evaporation of an overlay pattern of
interconnecting conductors (usually aluminium) joining
suitably exposed contact areas of the appropriate circuit
elements.

Thus the thin film technology plays a vital part in the
production of semiconductor integrated circuits. A
further marriage of the two techniques takes place in
the so-called hybrid circuit, where the active elements
(diodes and transistors) are formed in the silicon slice by
the normal planar process, but where the passive
elements (resistors, capacitors and conductors) are
deposited as thin films on to the thermally grown silicon
dioxide protective coating. This offers the higher per-
formance usually associated with thin film passive
elements, as compared with their diffused counterparts,
while retaining all the advantages of the s.i.c. in reliabil-
ity, ruggedness and cost.
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Almost inevitably integrated circuit manufacturing
techniques result in an enormous compression in the

size of electronic devices—hence the common use of the

term ‘ microelectronics ”—but this is by no means the
prime reason for the utilization of these techniques.
There are, of course, applications where size and weight
are all-important—such as in missile and space applica-
tions—but, in general the main concern is with reliability.

Reliability has always been an elusive objective in the
design of electronic equipment, and as the complexity of
electronic systems grows, this problem is seriously aggra-
vated. It is quite normal to find that the reliability of
an electronic system, consisting of several bays of equip-
ment and incorporating hundreds of thousands of elec-
tronic components as well as hundreds of thousands of
electrical connections, soldered, welded, crimped and
wrapped, is extremely poor. Mean times between
failures of some few hours (or even minutes) are quite
commonplace. The implications of this in, for example,
large defence systems, are readily apparent.

Reliability the spur

The new technology offers the possibility of hitherto
undreamt-of reliabilities. This is the main spur to the
enormous effort which is being expended everywhere on
integrated electronics. Why should this be so? There
are several obvious reasons, and some not quite SO
obvious.
(1) The integration of circuit elements to form a complex
electronic function results in a major reduction of
separate electrical connections—one of the acknowledged
main sources of failure in electronic equipment.
(2)- The use of integrated circuit techniques results in
what is virtually a solid equipment of low mass; this will
minimize the effects of shock. ~,
(3) The use of pure materials throughout the manufac-
turing process, and subsequent restriction of contamina-
tion of the circuits by hermetic encapsulation, have a
marked effect on reliability.
(4) Perhaps the least obvious but most important, the
production of a complete circuit in integrated form,
particularly a semiconductor integrated circuit, is reduced
to a series of very closely controlled processes. We have
eliminated the multiple control which exists in traditional
manufacture, where one component comes under one
manufacturer’s control, another under a second manu-
facturer and so on; the assembly is another stage, the
metalwork another, etc. In an integrated circuit the en-
tire unit is fabricated under the one single control and
the resulting effect on reliability cannot but be impressive.
The reasons enumerated above to justify the allegations
of greater reliability of integrated circuits have been con-
firmed by life tests. Reliability data accumulated in the
short number of years during which integrated electro-
nics have grown up has surpassed all expectations.
There are, it is true, many limitations in the application
of integrated electronics. Inductors cannot easily be pro-
duced. Tolerances are not all that they could be and
there are several restrictions on the values of resistance
and capacitance that can be used. There will exist for
a long time the necessity for the closest co-operation
between equipment designer and integrated circuit
designer in order to arrive at the best solution. New
techniques and improvements are continually emerging,
however, and there is no doubt that the restrictions will
gradually be eased. As production yields rise, as a result
of technological improvements, costs will keep falling, so
that integrated circuits will find wide applications in
every type of electronic equipment.

WIRELESS WORLD, JuLy 1965
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LETTERS TO THE EDITOR

The Editor does not necessarily endorse opinions expressed by his correspondents

Metal Oxide Silicon Transistors

MY attention has recently been directed to an article by
F. Butler entitled “ Applications of Metal Oxide Silicon
Transistors,” in the February issue. . .

Whilst not wishing to detract from the article, which
achieved its object of conveying the exciting prospects of a
new device, I would like to point out that it was unduly
optimistic on at least two points.

First, the statement “ the 1/f component seems to be absent
or at least abnormally low ” is unfortunately incorrect. It
was probably based on a consideration of the model of the
MOST which describes it as. an ohmic resistor of variable
cross sectional area. As such the device would produce only
thermal noise and would have a very low thermal drift. _This
model has now proved to be incorrect, or at least oversimpli-
fied and, in fact, measurements show that the MOST pro-
duces 1/f noise and that the level of this noise is greater
than for conventional transistors. In addition the drift with
temperature, expressed as voltage referred to the input, is
several times greater than that for a silicon transistor. These
facts have disappointed those circuit engineers who hoped
to design low drift differential amplifiers of high input impe-
dance based on these devices. = \

Secondly, the mutual conductance of the current MOST
is very low being less than 2mA/V even when the drain
voltage is at its maximum permissible value at 30 V. The
result is that the voltage gain of a conventional R-C amplifier
is very low, being one or two times. It is misleading to
quote the gain of a voltage amplifier in terms of its power
gain which always results in a very pleasing looking answer
when applied to high input impedance devices.

A useful voltage gain can be obtained using a high tension
power supply and a high drain load and I have made ampli-
fiers in this way with gains greater than 25.

Experimenters should bear in mind that the gate insula-
tion of the MOST can easily be destroyed if the permissible
potential difference between gate and source is exceeded;
unearthed apparatus and tools, charged capacitors, and even
charged human bodies coming into contact with the gate can
easily result in destruction of the device. These are state-
ments which I can verify from personal experience.

M. R. HARKNETT,
Dept. of Electronics,

Southampton. University of Southampton.

The author replies:— |

There now seems no doubt that the noise characteristics
of insulated-gate field-effect transistors cannot be ‘predicted
accurately from consideration of a simple model. In earlier
correspondence (W.W., April 1965, p. 193), 1 have already
commented on the point now made by Mr. Harknett and I
have nothing further to add. It is a mistake to reject. out-
right a new device on the grounds that its performance is
deficient ina single respect when in other respects its charac-
teristics are unique. If low noise is a dominant requirement
it would be sensible to use junction-type f.e.ts instead of
the insulated-gate transistor, For example, spot noise figures
of 1dB and 5dB are quoted for Texas Instruments trans-
sistors 2N2497-2N2500 with generator resistances of 1 MQ
and 10 MQ respectively. These devices have an input impe-
dance in excess of 5 MQ at 1kc/s, far less than for the
MOST but large enough for many applications in which low
noise is of importance. The range of applications which I
described were selected to exploit the good features of cur-
rently available devices without incurring serious penalties
because of their defects. As regards the mutual conductance
of these transistors, I agree that figures between 1 and 2
mA/V are normal and that, consequently, the volrage gain
is rather low, particularly when the device is associated with
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conventional transistors operating from low voltage supplies.
In the application notes issued by some manufacturers drain
loads up to 0.1 MQ are suggested but in my view this is not
particularly good practice. In the first place, the amplifier
must work into a second stage of abnormally high impedance,
Secondly, the high gain of the f.e.t. will result in excessive
Miller feedback and poor high-frequency response, especially
if the generator impedance is very high. For this reason
I recommended the circuits of Figs. 4 and 5 in my original
paper, preferring to regard the f.e.t. as an impedance con-
verter rather than a voltage amplifier. I look on voltage gain
as an inexpensive commodity and would not hesitate to use
two stages to achieve with ease some end which might have
been reached in one stage with difficulty. |

As regards the precautions which must be taken in storing,
handling, installing and using insulated-gate transistors, I
endorse everything that Mr. Harknett says. The high input
resistance of a MOS transistor depends on the perfection of a
thin insulating layer of silicon dioxide. If this breaks down,
the tramsistor may degenerate into one more like the junction
type or it may fail catastrophically, The most likely causes
of breakdown are:— , : -

(a) Sliding the device up and down in a plastic container,

_ thus generating electrostatic charges.

(b) Brushing the leads against insulating fabrics (nylon,

._wool), when the humidity is low.

(¢) Faulty soldering techniques (electrical leakage, poten-
tial differences between the soldering bit and the
chassis under assembly).

(d) Transients on the gate electrode input terminal. ._
Where possible, all the electrode leads should be electrically
connected by a thin wire or foil wrap until the device is
soldered into place, the lashing then being removed. The
best soldering iron to use is one heated by gas. A low
voltage electric iron can easily collect static charges and is
not absolutely safe, All this suggests that f.e.ts are fragile
devices but once in circuit they perform reliably except as
regards input voltage transients, I kmow of no method of
safeguarding against these. Special care is obviously re-
quired if the f.e.t. forms the input stage of a radio receiver,
Armospheric electricity, line voltage transients, car ignition
interference, and pulses generated by controlled rectifiers are
all potential hazards.

F. BUTLER

Wideband Amplifier

WITH reference to the article by F. Butler in the March
W.W., perhaps readers may be ‘interested in the accom-

 panying directly connected three transistor amplifier with

overall negative feedback. This amplifier has a shunt feed-
back circuit giving low input and output impedances. Such
an amplifier ideally requires a high impedance source to
avoid shunting the feedback path, and to prevent reactive
components in the generator impedance from causing un-
wanted phase change. However, the input circuit shown
consisting of a total source resistance of 400 to 500 ohms
and a 0.1 uF feed capacitor has been found to be adequate.

The Zener diode Z1 determines the potential at Trl col-
lector and hence the collector current. The collector poten-
tial of Tr3 will be determined closely by the potential of
Trl base, allowing for a small range of voltage drop in the
resistors R, and R, in the feedback path, due to Trl base
current. Hence the voltage drop in the collector load of Tr3
is defined, together with Tr3 collector current. The voltage
drop across the emitter load of Tr3 and the collector current
of Tr2 are thus also determined. .

The step-circuit corrector networks across Trl and Tr2
collector loads were found to increase the stability of the
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amplifier, the values not being critical. There is a forward

o +20V

transistor output stage commonly used. The arrows indicate
the directions of the currents, and it should be noted that

e
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Fig. |

the collector-base junction of Trl is conducting in the for-
ward direction and supplying a base current to make Tr2
conduct in spite of the opposing input current. Since Tr2
has approximately the full supply voltage across it the dis-
sipation problems mentioned by Mr. Salmain occur.

With the circuit of Fig. 1, Tr2 can be cut off only if
sufficient drive current is available to bottom Trl when it is
conducting in reverse. Since the drift field type of transistor
will probably be used in order to obtain a short switching
time, the reverse current gains of the output transistors will
not be very high, so that a large drive current will be needed
to bottom Trl. This in turn will introduce dissipation prob-
lems in the driver stage. My proposed circuit, which is

WIRELESS WORLD, JULY 1965

“voltage gain of approximately 50 dB, measured between the 7
points A and B, with approx:mately 30 dB feedback. - 0AZ206
An important \ L2V] -
advantage of the T c l 7 X > * A
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detector, since the l ~ |
. Ri Tri
rectified  current Y AF7 12 OR 85V MR
does not then 190 Of‘i;! B v 'ty RH\
cause potential ” Tr2 I : ¢ L %\T;
changes 1n the o AFZi2 OR 0AS
source. Usually 0CI7i {6V
it 1s difficult to couple such a detector directiy to
the resistive load of an amplifier because of the 100
d.c. component present. Since the collector of ?
Tr3 is operating at approximately —0.4V with R>
respect to the earth line, however, 1t is possible 10k C
to connect the diode circuit between these two >
points. When using a germanium rectifier con- c Oliu
nected as in the diagram there is then a slight # C2 4
forward bias which serves to increase sensitivity 5,800p I"OOOP
a little. , < l .
The circuit values shown produce a maximum _ . ' .
loop gain at approximately 20 kc/s but the feedback and shown in Fig. 2, requires only sufficient current to bottom
gain figures quoied were measured at 100 kc/s. The overall the transistors when they are conducting in the forward
amplitude-frequency response characteristic at 5kc/s and d1;e§:t10n to rec_iuce the d1$51pat_1on 1in the output stage to the
3.8 Mc/s has fallen by 3dB compared with the level at minimum possible. The principle of operation is as follows.
100 kc/s. Diodes D1, D2 are used as in K. C. Johnson’s circuit in
Wembley, Brent. G. ]J. POPE Wireless World of March 1963 to provide an alternative path
{)or the reverse fcurrerglt. kaﬁe nexg féature of the circuit is the
] . .gs ias network forme y and C, which is arranged to
Pulse Width Modulated Audio Ampllflers produce a bias voltage greater than the forward voltag% drop
I SHOULD like to propose a simple circuit for overcoming across the diodes, and hence provide a reverse bias to cut
the difficulty raised by M. D. Salmain in the June issue,’ off the transistor which has the full supply voltage across it.
concerning the design of class D amplifier output stages. For the circuit to operate correctly it should be driven from
The difficulty arises when an inductive load, with a high a source of comparatively high impedance, and in this respect
impedance at the pulse repetition frequency, is used. In K. C. Johnson’s circuit is to be preferred to that of Turnbull
these circumstances, during part of the pulse cycle the load and Townsend in the April issue, where the drive is taken
is sending back to the amplifier energy stored in it induc- directly from an emitter follower.
tively, and the problem is to ensure that this energy is The subject of distortion in open loop class D amplifiers,
returned to the power supply rather than to the output tran- mentioned by C. M. Sinclair in the June issue, is an interest-
sistors. One way in which the latter possibility can arise is ing one, and I should like to make some further comments
illustrated in Fig. 1, which shows the complementary- on it. Both the circuits discussed above have the feature

that although the output voltage for a given input current is
reasonably independent of the current drawn by the load if
this current flows in one direction only, if the load current
changes sign during the period between two successive
switching operations then the output voltage changes by some
tenths of a volt. This is because reversing the direction of
the load current causes the circuit to operate in a different
mode, and the change in output voltage depends on the volt-
age drops across the transistors or diodes concerned. There
is not space here to go into the details, but it will be found
that the effect on the audio input Voltage/output voltage
characteristics of the complete amplifier is 1o produce a type
of distortion similar to the crossover distortion characteristic
of class B amplifiers. In the present case, the crossover
region is the region for which the output current is bi-
directional owing to the audio current being less than the
amplitude of the high frequency components of the current

) 4
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through the load. The amount of distortion is of the same
order as that of the corresponding class B amplifier having the
same quiescent current, and it would appear to render the
open-loop system unsuitable for applications which require
the lowest distortion figures, whereas with the closed-loop
system the distortion can be made as low as is desired by
increasing the feedback.

Now the current through the load consists of a sawtooth
waveform at the pulse repetition frequency superimposed on
the audio current. It may therefore be either bi-directional
or uni-directional, depending on the value of the audio
current. Since a uni-directional output current may be in
either sense, there are altogether three possibilities, as illus-
trated in Fig. 3, which shows typical waveforms for the
output current and output voltage in the three cases. For
simplicity, it has been assumed that the output voltage
remains constant provided that the directions of the input and
output currents do not change, so that the output voltage is
restricted to one of four different values. The broken lines
indicate the voltage waveforms for an ideal output stage,
whose output voltage is independent of the output current.
In this case the audio input voltage/output voltage charac-
teristic of the complete amplifier has the linear form indi-
cated by the broken line in Fig. 4 (provided that the pulse
width varies linearly with the input voltage). Now what is
the effect of replacing the broken waveforms in Fig. 3 by
the continuous ones? It will be seen that the only difference
between the two waveforms in cases A and C is that one
waveform is shifted relative to the other by a constant volt-
age. A similar shift occurs
in the audio output voltage,
since this is essentially just
the average value of the
voltage taken over one
pulse cycle. In case B the
shift in audio voltage is
intermediate between the
shifts in A and C. The
resulting amplifier charac-
teristic is shown by the
continuous line in Fig. 4.
If more realistic waveforms
| are used in place of those
Fig.4 shown in Fig. 3, the effect

is to round off slightly the
sharp corners in Fig. 4.

The conclusion to be drawn from Fig. 4 is that open loop
class D amplifiers are subject to a form of cross-over distor-
tion, similar to that occurring in class B amplifiers. The
distortion resulting is of the same order as that of the corres-
ponding class B output stage having the same quiescent
current consumption, and would appear to render the open
loop system unsuitable for applications requiring low dis-
tortion figures, whereas in the closed loop system the
distortion is considerably reduced by the feedback present,

B. D. JOSEPHSON,
Royal Society Mond Laboratory.

AUDIO OUTPUT
VOLTAGE

Cambridge.

SINCE February 1963 when D. R, Birt first published his
design for a modulated pulse a.f. amplifier in Wireless World
there has been a steadily growing interest in switching-type
power amplifiers using the principle of time-ratio contro] of
the mark-space duration of a rectangular waveform. This
article, which apparently inspired the production of a 10 W
and, later, a 20 W audio amplifier by Sinclair Radionics, Ltd.,
was followed by a letter in the March 1963 issue of W.W. in
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which K. C. Johnson outlined his own ideas for such a system.
In the U.S.A,, Prof. A. G. Bose of M.I.T. came up with
another idea. A brief account of the principle appeared
under the title “ Two-state Modulation Simplifies Audio Cir-
cuits ” in Electronics for 23rd August, 1963. Finally, we
have the system described by Turnbull and Townsend.

Quite clearly there are dozens of ways in which the basic
idea can be employed in practice to produce an audio ampli-
fier of extremely high efficiency or high output power. The
same idea of time-ratio control can be used in regulated
power supplies. A thought-provoking note on Energy Con-
version appeared in Electronic Design of 21st June, 1962, p.4.
Though concerned mainly with d.c.-a.c. conversion, the
scheme discussed seems to be adaptable for use in a low-
frequency power amplifier,

There is room for argument about the relative merits of
fixed or variable switching frequencies and about the concepts
of negative feedback in this context but there is no doubt
that the basic objectives of high efficiency and low distortion
can be realised in all the competing systems. Unfortunately,
most designers are reticent when describing the characteristics
of the load into which the amplifier must work. A closer look
at the requirements seems to be called for, and for this pur-
pos€ we can assume that the amplifier characteristics are
ideal. Quite clearly a pure resistance load is inadmissible.
Even with no audio input to the amplifier, a square wave
voltage of the switching frequency would be applied to the
load, exactly as for a square wave inverter, causing a large
energy dissipation. Most authors seem to assume that when
a_loudspeaker load is used, the coil inductance will be suffi-
cient to cause a rise of impedance, at the switching frequency,
to a value which will minimize energy loss. It seems unwise
to rely on this effect without a precise knowledge of the
speaker characteristics. Moreover, people tend to use
multiple speakers, with cross-over networks, equalizers and
so forth which might affect the amplifier performance.

It may be argued that in such cases one should make use
of a low-pass filter to reject the switching frequency and other
undesired high-frequency components of the amplifier-output.
The design of such a filter on an image-parameter basis is
impossible and one must invoke modern network-theory con-
cepts. This is because of the unequal terminating impedances
and the reactive loudspeaker system. A-little more informa-
tion about this aspect of switching-type amplifier performance
would be welcome. '

Next, there is the problem of radiation. This so far has
been rather glossed over but it seems that the higher the
switching frequency and the more perfect the switching wave-
form, the more troublesome this will be. There is no need to
labour the point, but it should not be ignored. Bias oscillators
in tape recorders, quench oscillators in super-regenerative
receivers and the various oscillators in superheterodynes have
all set their own problems and this one promises to be still
more objectionable.

Several correspondents have commented on the lack of
low-priced switching transistors suitable for use in two-state
modulators, particularly when high power output is required.
A possible but not very elegant solution might be to divide
the audio range into two bands, say 20-1,500c¢/s and 1.5-
20ke/s. The lower band contains most of the energy in
speech and music and could be handled by inexpensive high- "
power switching transistors or even by controlled rectifiers
or gate turn-off switches when extremely high output power
is called for. The upper band could be dealt with by low-
power high-speed switching transistors. Separate loud-
speakers could be fed from each channel. There are, of
course, objections to this scheme on acoustic grounds and the
extra cost might be justifiable only for outputs in the range
100 W-10 kW or so. One (possibly academic) advantage of a
multi-channel, multi-speaker system is that Doppler fre-
quency-shifts of high-frequency tones radiated from a single
cone (which is simultaneously executing high-amplitude low-
frequency motion), would be reduced or in part eliminated.

The object of this letter is in no sense to discredit the
switching-mode amplifier. It will have served its purpose if it
elicits some more information on the problems of coupling
single or multiple speakers to the amplifier - output, while
maintaining high efficiency and level frequency response.

Cheltenham. ‘ F. BUTLER
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Radio and Space Research.—The name of The Radio
Research Station, set up by the D.S.I.LR. and now an estab-
lishment of the Science Research Council, has been changed
to the Radio and Space Research Station. The main work
of the station is carried out at Ditton Park, near Slough,
Bucks, but in addition there is at Winkfield, Berks, a mini-
track installation for tracking and receiving telemetry from
satellites, and next year the radio telescope under construc-
tion at Chilbolton, Hants, is expected to come into operation.
The Station is also responsible for small stations at Port

Stanley in the Falkland Islands, at Singapore and at Lerwick,

Shetland Islands.

LE.E. Membership Structure.—It is proposed by the
LE.E. to change its membership structure. If the proposals
are approved by the members and by the Privy Council,
existing members will become fellows; associate members will
be members; and a new class of associated members com-
bining present graduates and associates will be formed. In
addition a new class of non-corporate membership will be
introduced for those who, while interested in some of the
activities of the Institution (as for example doctors interested
in medical electronics) do not qualify for any other class
of membership. They will be known as associates. The
total membership of the Institution increased during 1964/5
by just over 2,000 bringing the total to 54,150.

> Appleton Lecture.—To commemorate the life and work
of Sir Edward Appleton who, as recorded in our last issue,
died on April 21st, the LE.E. is to inaugurate an annual
Appleton Lecture. Sir Edward was awarded the Institution’s
Faraday Medal in 1946 for “the conspicuous services
rendered by him in the advancement of electrical science,
particularly in the field of radio propagation.” The date of
the first lecture will be announced later.

PAL Transmissions by B.B.C.—On May 24th the B.B.C.
started a new series of experimental colour transmissions
from Crystal Palace (channel 33) using the PAL system.
They are radiated during the BBC-2 trade tests from Mon-
day to Friday from 1200-1300 and 1500-1600.

Soviet colour television tests have recently been conducted
from Moscow via the satellite Molniya 1 to a receiving centre
some 1,500 km away and back to Moscow via a land radio-
relay link—a total distance of 80,000 kmm. There were com-
parative tests between N.T.S.C., Secam and also a Soviet
modification of the French system.

A conference on “Inelastic scattering of electrons by
solids” is to be held at the Cavendish Laboratory,
Cambridge, on July 9th and 10th. It is being organized by
the Electron Microscopy and Analysis Group of the Institute
of Physics and Physical Society. |

The millionth Avometer in the range introduced in. 1923
was presented by Avo Ltd. to a Swedish company who
donated it to the Royal Swedish Air Force. A further ten

presentation models were given to the company’s representa-
tives in seven other countries and to three distributors in
the U.K. who were in several cases handing them on to
education establishments. ~

THIS MONTH'S COVER

The montage is composed from real and symbolic
integrated circuits and links -with the articles on
integrated circuit technology on pages 331 and 337.
The photograph shows a Texas Instruments operational
amplifier with differential inputs and a Class B output
- capable of giving 10 V peak-to-peak with a 600 Q load.
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- Component Standardization.—The Radio & Electronic
Component Manufacturers’ Federation is financially spon-
soring four members of the delegation being sent by the
British National Commirttee to the Tokyo meetings of the
International Electrotechnical Commission in October. The
“component ” delegates will be D, S. Girling, of S.T.C.,
who will be covering fixed capacitors; A. G. Manson
(Plessey), covering reliability and fixed and variable resistors;
P. G. Williams (Mullard) integrated circuits; and R. T. Love-
lock (Belling & Lee) environmental testing. The Federation
1s also jointly sponsoring with B.R.E.M.A. and E.E.A. Dr.
D. G. Reynolds (Rank Organisation) who will be concerned
with capacitors and resistors.

U.H.F. Television Aerials.—Concern has been expressed
by the RE.C.M.F. that some aerials which are being sold
for u.h.f. reception do not comply with the accepted standard
which ensures that aerials cover all four channels allocated
to a particular area. The bandwidth required is 88 Mc/s
with a minimum total deviation of 3dB and a minimum
deviation of 1dB across any one channel. Some . aerials
being sold in the Birmingham area are marked for channels
40-50 but peak at 40 (the channel at present in use) with
negligible performance on channel 50.

The London U.H.F.. Television Conference, originally
planned for September to coincide with the Radio Show, has
now been postponed until November 22nd and 23rd.
Sponsored by the I.LE.R.E., LLE.E., Television Society and
the U.K. section of LE.E.E., it will be held at the LLE.E.,
Savoy Place, London, W.C.2. Further information and
registration forms can be obtained from the Joint Confer-
ence Secretariat, I.E.R.E., 9 Bedford Square, London, W.C.1.

BIRTHDAY HONOURS

RECIPIENTS of honours on the occasion of the Queen’s
Birthday included:—
' K.B.

Sir Ronald German, C.M.G., director general, Post Office.
K.B.E.
Walter Cawood, C.B., C.B.E., B.Sc., Ph.D., chief scientist,
Ministry of Aviation.
' C.H.

P. M. S. Blackett, F.R.S., professor of physics at Imperial
College until appointment as deputy chairman of the
Government Advisory Council on Technology.

| C.B.

G. G. Macfarlane, Dr.Ing., B.Sc., A.M.L.LE.E., director,
Royal Radar Establishment.

J. A. Ratcliffe, C.B.E.,, F.R.S., director, Radio and Space
Research Station, Slough.

C.B.E.
F. C. Wright, director, Standarlc}: Telephones & Cables Ltd.
- O.B.E.

Lt. Col. A. W, Reading, M.C,, T.D., AM.LLE.E., of REM.E.

T. H. Bridgewater, M.I.E.E., chief engineer, television, B.B.C.

T. C. Macnamara, A.M.L.LE.E., technical counsellor, Asso-
ciated Television Ltd.

D. Scott, Assoc.I.E.E., engineer-in-chief, Cable & Wireless.

M.B.E.

B. Ash, executive engineer, Post Office Laboratories.

Master Air Electronics Operator T. McHugh, D.F.C,
A.F.M,. Royal Air Force.

F. E. Page, senior radio officer, s.s. Loch Garth.

S. F. Sharpe, senior executive officer, Government Com-
munications H.Q. ,

W. Woolfenden, engineer-in-charge,

Hilary, Glam. .
| 1.S.0.

L. L. Hall, AM.I.E.R.E., asst. staff engineer, G.P.O.
W. Darwin, chief executive officer, Government Communi-
cations H.Q. . S
- B.EM. :
L. C. Ware, production supervisor, Mullard Radio Valve Co.

I.T.A. station, St.
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Transistor Gascade CGrystal Oscillator

By F. BUTLER, 0.B.E., B.Sc., M.1.E.E., M.1.LE.R.E.

UARTZ vibrators of different types' can now be
made to operate over a frequency range between

about 400 c/s and Z00 Mc/s. The crystals exploit

every possible vibrational mode, longitudinal, transverse,
flexural and shear, and a dozen or so well-known circuits,
valve and transistor, have been developed to sustain
continuous oscillations.

This article describes yet another transistor oscillator
circuit. In its basic form it is extremely simple and
reliable but there is scope for refinement and develop-
ment, as a result of which it might prove suitable for

27k
ANAN— o—
+ OUTPUT
i | Fig. 1. Colpitts oscillator,
0005
o I
1M¢/s dage
== 0-001 L4
¢ —0 +
o—
0k
& IMe/s
Fig. 2. Common - base !
tuned circuit oscillator.
» OUTPUT
—
10k
— Of"y

use in a frequency standard, as a clock source or as the
drive oscillator for a frequency synthesizer. The oscil-
lator works particularly well over the frequency range
100 kc/s to 5 Mc/s with the crystal operating on its
fundamental frequency, as distinct from an overtone
mode. Standard frequency sources commonly operate
at 100 kc/s, 1 Mc/s, 2.5 Mc/s or 5 Mc/s so that any
of these crystals would be suitable for use in the oscil-
lator with no (or only minor) circuit changes.

Design of stable oscillators

It is convenient to regard an oscillator as the combina-
tion of three basic units. They comprise an amplifier
with feedback from output to input, a frequency-deter-
mining element such as a tuned circuit and an amplitude
limiter of some kind. |

Ideally, the amplifier should have purely resistive
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input and output impedances, sufficient power gain to
overcome losses in the frequency-fixing element, zero
or 180 degrees phase shift (depending on the feedback
configuration), and a bandwidth extending from well
below the oscillation frequency up to the highest prac-
ticable limit. It should be linear and hence free from
amplitude distortion and its gain, phase-shift, input im-
pedance and output impedance should be independent
of supply voltage and environmental changes. What all
this means in practice is that the amplifier must be very
well designed in the first place, after which the required
characteristics can be achieved by the use of heavy
degenerative feedback.

The frequency controlling element (quartz crystal,
series or parallel tuned circuit) should be physically
and electrically stable, and should have an extremely
high rate of change of phase with frequency around the
resonant frequency. This amounts to saying that the
Q-factor must be very large indeed and when extremely
high stability is needed there is no simple substitute
for a good quartz crystal.

As regards the amplitude limiter the requirement here
is that the amplifier must not be overloaded. If it is,
the output will be distorted and will contain harmonics
which can beat together, giving fundamental frequency
components of indeterminate phase. These can com-
bine with the desired fundamental frequency and swing
its phase, causing an equivalent shift of frequency.
Unfortunately most practical limiters are prone to
generate unwanted phase shifts and on balance it may
be preferable to allow the amplifier to perform its own
clipping or limiting. For this procedure to be accept-
able the amplifier gain should be only marginally greater
than that required to maintain continuous oscillation.
In this event, limiting is “soft’ and causes little insta-
bility of the generated frequency.

In many practical oscillators the maintaining ampli-
fier includes tuned circuits. These serve several pur-
poses. They give selectivity and increased gain, they
can be used to suppress parasitic modes of oscillation
of the quartz vibrator or they can pick out some desired
overtone of the fundamental frequency. The objection
to the use of tuned circuits is simple and basic. Near
the resonant frequency the phase is changing rapidly.
Variations in L. or C due to temperature or humidity
changes, mechanical vibration or other effects will cause
a phase change through the amplifier. This must be
compensated by phase changes of the opposite sense
in the frequency-control element (the quartz plate) since
the total loop phase shift must be zero at the frequency
of oscillation. The compensating phase shift requires
the crystal to oscillate at a slightly different frequency,
the precise value of the change depending on the
Q-factor of the quartz vibrator.

These various points are best exemplified by studying
some simple and well-known oscillator circuits. Fig. 1
shows a Colpitts arrangement which operates at a fre-
quency between series and parallel resonance of the
crystal. Here the crystal reactance is inductive and it
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Fig. 3. Two versions of emitter-
coupled oscillator.
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resonates with the series combination of the two capaci-
tors, both of which are stable and large enough to swamp
the transistor input capacitance. By using a v.h.f. tran-
sistor these stray capacitances are kept small, as is the
resulting amplifier phase shift. By proper design, this
simple circuit can be made to give a good performance.
A great deal depends on the stability and permanence of
the two capacitors on the output loading and on the con-
stancy of the supply voltage source. With the capacitor
values and ratios shown, the amplifier may be overdriven.
Increasing the capacitor sizes and making them more
nearly equal will help to improve the stability. |

Fig. 2 shows another common circuit. Good points
are that it uses a common-base amplifier circuit, it
operates the crystal near series resonance and high bias-
stability is given by the resistors shown. It oscillates
readily, even at high frequencies, and can use overtone
modes of the crystal. Because of the tuned circuit, its
stability is not so good as a well-designed version of
Fig. 1. : -

Fig. 3 shows two versions of an emitter-coupled oscil-
lator. The arrangement at (a) makes use of a resonant
circuit tuned to the crystal frequency. It is an energetic
oscillator and will work well with almost any crystal
between 50kc/s and 20 Mc/s or so. Circuit (b) shows
how the oscillator must be modified to give much higher
stability. The amplifier is aperiodic and has much less
gain than (a). Because of this, it will only work with
high-Q crystals which must not have spurious frequen-
cies of resonance since there is nothing in the amplifier

OUTPUT
A

o S

o- 12V + 0

Fig. 4. Series bootstrap crystal oscillator.
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to discriminate against undesired modes. In both cases,
amplitude limiting is set by amplifier overload. Clipping
is much harder in (a) than in (b) because of the higher
gain,

L

The bootstrap cascade circuit

Reasoning along the lines of the preceding section sug-
gested the new circuit shown in Fig. 4. In simplicity it
i1s on a par with Fig. 3 (b), but its performance is rather
better. The oscillator makes use of v.h.f. n-p-n silicon
transistors, the types actually used for experimental work
being Mullard BSY10. The circuit is a bootstrap ar-
rangement in which Trl and R; form the collector load
of Tr2. Both transistors are used in the common-base
connection though this may not be apparent from the
circuit diagram. In the ordinary way, large capacitors
would be connected across R, and R, to get the maxi-
mum possible amplifier gain. Omitting one or both of
them gives feedback which improves the amplifier per-
formance but reduces the gain.. Good crystals between
100 kc/s and 2 Mc/s will oscillate without bypass capaci-
tors. Between 2Mc/s and 7Mc/s a small capacitor
shown as C in Fig. 4 may be required across R,. At still
higher frequencies, capacitors are required across both
R, and R,. Output is taken from the emitter of Trl,
preferably through a high resistance or small capacit-
ance, in order to give low loading of the oscillator.

Small adjustments of the frequency may be made by
variable capacitance or inductance in series with the
crystal. |

The combination of a pair of high gain transistors and
an extremely active low-frequency crystal may give rise
to an excessive amplitude of oscillation. This can be
corrected by negative feedback from the emitter of Trl
to the base of Tr2 through a blocking capacitor and a
suitably chosen feedback resistor. -In principle it would
be possible to use a thermistor in the feedback path to
give some measure of automatic amplitude control, but
the oscillator output power should be kept low in the
interests of stability, and in this case the available power
in the thermistor would be too small to exercise decisive
control. Another method is to connect two diodes back-
to-back as shown and place them in series with the feed-
back resistor and capacitor, adjusting the resistor value
to give the desired low output level. -

As a final measure to flatten the frequency response of
the amplifier it is worth.including two small inductances
in series with the emitter load resistances, their value
being set by trial to equalize the gain up to the highest
possible frequency. |

If it turns out that the oscillator crystal has spurious
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Fig. 5. Suppression of undesired oscillations by frequency-selective
feedback.

resonances a: undesired frequencies (and this sometimes
happens with low-frequency GT plates) it should be re-
jected as unsuitable for use in a precision standard. If
such a crystal must be used. it is possible to suppress
the unwanted modes by the #ise of frequency-selective
feedback as shown in Fig. 5. The additional components
are a blocking capacitor C, and a tuned LC circuit which
is parallel-resonant at the desired crystal frequency. At
this frequency there is negligible feedback; at ail -others
there. is strong degeneration..: Use of selective feedback
gives the amplifier aniundesirable phase characteristic
and degrades the oscillator stability. I'he mamn claim tor
the circuit of Fig. 4’is that 1+ <eems capaole ot develop-
ment into a good frequency standard using a single high-
grade quartz vibrator. Since the amplifier is untuned
it is equally suitable as a multiple-frequency source using
a number of separate crystals switched mnto use as: re-
quired. Aside from small tnstabilities attributable to the
switch the performance should be nearly as good as for
the single-crystal version. -

Power supply regulation and temperature
control

All highly stable oscillators must be run from regulated
power supplies. For most purposes a simple Zener_diode
arrangement is good enough for the circuit of Fig. 4.

As regards temperature regulation, modern practice
with primary standards of frequency .calls for the use
of 2-stage thermostatically controlled dvens. The inner
unit contains the crystal and associated critical compo-
nents. The outer oven contains the oscillator circuit
elements, including transistors. All the components in
Fig. 4 can be assembled on a small circuit board which
fits easily into a small oven space. No circuit adjust-
ments need to be made except for the trimming control
of the crystal frequency.

Provided that stable components are used in con-
structing an oscillator, that loading on it is' low and
constant and that the power supplies are well regulated
it is true to say that the ultimate performance in respect
of stability is set by the accuracy and precision of tem-
perature control. This circumstance tends to cover up
possible shortcomings in the basic oscillator design. A
better approach is to start with an oscillator circuit which
uses no critical components or techniques and then to
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refine its performance by close voltage regulation and
precise temperature control.

Performance tests

The performance of the best frequency standards avail-
able today is so good that it would ‘be unreasonable to
expect any dramatic improvements in the near future. In
particular, crystal oscillators have: approached close to
the limit of their capabilities. The basic circuit of Fig.
4 is put forward as something new, simple and versatile.
As with any fresh idea, it would -require atensive
development to explore its possibilities and discover its
limitations. If for no other reasorrit is worth consider-
ing for use as a multiple-frequency source. "No tuning
adjustments are necessary, the desired output frequency
being obtained by switching in different quartz crystals
as required.

To get some idea of its performance, an oscillator was
built as in Fig. 4, using a high grade GT-cut quartz
plate designed for use with a series capacitance of about
700 pF. By adjustment of this the frequency could be
set exactly to 100kc/s. Two limiter diodes were used
with a 1 «F blocking capacitor but without any external
series resistance. With the crystal alone in circuit, the
series capacitoy being short-circuited, the crystal current
was 2.8mA and the voltage across it was 140 mV, using a
15 V supply source. Under these conditions the energy
dissipation in the quartz plate is about 400 xW, small by
ordinary standards but still considerably more than in
some precision oscillators. To reduce it further a pair of
reverse-connected backward diodes may be used. These
diodes, which rely on the quantum mechanical tunnelling
effect, have a much lower forward voltage drop and a lower
slope resistance than conventional diodes.’

With 700 pF in series with the crystal, adjusted to set
it exactly on 100kc/s, the voltage across crystal or
capacitor rises to 4 V r.m.s. At this frequency the crystal
reactanceé is inductive (about 3mH at 1Mc/s) which
accounts for the rise in voltage. A rough check on the
frequency stability was made by setting the second har-
monic of the oscillator to zero-beat with the 200 kc/s
carrier of the B.B.C. Droitwich transmitter. On raising
the supply voltage from 15 to 30V the change 1n
frequency was less than ] part in 2 million.

Another test was made by substituting for the crystal
a series tuned LC circuit, set to 1kc/s. The same change
in supply voltage caused a frequency shift of about 1 part

in 1,000.
REFERENCES

1. “Measuring Alternating Voltages with Backward
Diodes ”, B. Stuttard, Industrial Electronics, February 1965,
p. 78. ‘

2. “Unicue Current-Controlled Negative-Resistance
Generator ”, A. H. Marshak, I.E.E.E. Trans. Communications
and Electronics, March 1964, p. 182.

APPENDIX

There are two ways of regarding the action of any oscillator
which uses a 2-terminal circuit to fix the operating frequency.
One, already mentioned, is to consider the passive network
as a feedback element between the output and input ter-
minals of a power amplifier. The other is to picture the
amplifier as a negative - resistance source coupled to the
passive network. This theme was developed by Thomas
Roddam in an article “Oscillators: A Monistic Approach »
(Wireless World, January 1963, p. 33).

A. H. Marshak (reference 2 above), has described a cur-
rent-controlled negative resistance source using the circuit
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Fig. 6. Current-controlled negative resistance circuit due to A. H. Marshak. (a) Negative resistance characteristic (n-type).

(b) Practical circuit. _

shown in Fig. 6. It resembles Fig. 4 except in respect of
component values. It has an n-type characteristic with well-
defined turning points which sharply limit the amplitude of
oscillations in a tuned circuit coupled to the negative resis-
tance terminals. This characteristic may well account for the
good performance of an oscillator which uses this type of
maintaining amplifier. It is believed that a similar circuit

has been developed for use as a relaxation oscillator, a
capacitor being connected across the terminals of the negative
resistance. The reference to this arrangement, due tO
Fruhauf, has proved impossible to trace. Perhaps some
reader can supply this, since it is of intrinsic interest and it
is also the link between the negative resistance source and
the sinusoidal oscillator,

Electronic Laboratory Instrument Practice

7 —OSCILLOSCOPES

IMPLY, the oscilloscope (or “scope” as it is now
commonly called) is an instrument that lets you see
what is going on inside an electrical circuit by

displaying voltages on the screen of a cathode ray tube
(c.r.t.). The electronics industry uses it widely in any
field where a phenomenon can be converted into a voltage
signal.

If you are a tyro, the scope’s massive array of controls
with strange titles is frighteningly complex. You can
be forgiven for fearing that something disastrous might
happen if you set a control wrong. Be of good cheer!
The modern scope is nearly foolproof, and you will be
surprised how soon you become adept at “changing the
gears ”.

The emphasis in this article will not be so much on
how the scope works as on how to use it. To set the
stage, however, a simplified diagram of the basic parts
of a scope is given in Fig. 46. The voltage signal to
be examined is applied to the vertical input terminal A.
After amplification in the “vertical amplifier,” it is
applied in push-pull to the two vertical deflection plates,
V-V, of a c.r.t. (often known as the “Y ” plates). These
deflect an electron beam in the c.a.t. so that the spot
appearing on the fluorescent screen moves up and down
in synchronism with the applied signal. At the same
time, the horizontal sweep oscillator gives a sawtooth
output which is amplified through the horizontal
amplifier and applied to the horizontal deflection plates,

*Newmarket Transistors Ltd.
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" H-H, in the c.r.t. (also known as “X?”

By T. D. TOWERS,* m.B.E,, A.M.I.E.E., A.M.1.E.R.E.

plates). This .
causes the electron beam to sweep back and forth, so
that the vertical, or Y, input signal is displayed spread
out in the form of a curve. The various switches permit
the horizontal sweep oscillator to be free running, or
synchronized with.the input signal, or with some other
external signal.

Fig. 46. Diagrammatic outline of osciHoscopé system.
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To use a scope, it is not really necessary to know much
more than this about the system of operation. However,

if you want further details, you should consult such

textbooks as the “ Encyclopaedia on Cathode Ray Oscillo-
scopes and their Uses” by J. F. Rider and S. D. Uslan
(Rider Publications, New York) or “ The Oscilloscope at
Work” by A. Haas and R. W. Hallowes (Iliffe Books,
London).

Specifications of oscilloscopes

Scopes can be divided into three main classes: (1)
“bench” general-purpose for unexacting use around the
lab, (2) “lab” general-purpose, for precision run-of-the-
mill measurements, (3) “ special-purpose,” for measure-
ments not normally possible with the first two types.
Before we go on to look at specific examples of these

three main groups, we shall take a lpok at the general

features of a scope specification. | ‘

The first and most important specification is the

“bandwidth,” i.e., the range of frequencies over which the
scope internal amplifier gain does not drop to less than
some stated fraction (usually 0.707) of the midband gain
(at, say, 1kc/s). It is obviously useless to look at a
30 Mc/s signal with a ¥ Mc/s bandwidth scope, as there
would be virtually no response at 30 Mc/s.

Bench scopes usually have a bandwidth less than
10 Mc/s; lab. scopes’ bandwidths are usually in the range
of 10-100 Mc/s, and special purpose scopes can extend up
‘10 about 4,000 Mc/s at the time of writing,

The next most important characteristic of the scope
Is its sensitivity. In a meter, you specify its sensitivity
by the mA or pA required for full scale deflection. In a
scope, you specify the mV/cm of vertical displacement.
A figure of 50mV/cm has become a fairly standard
specification for wide-band instruments.

and some low-frequency professional instruments have a
vertical sensitivity of better than 0.01 mV/cm (10pV/cm).

What does 50 mV/cm mean in terms of the ordinary

displays usually met with? A common size of c.r.t. used

in scopes is 5 inches in diameter, and this provides 8 cm

of vertical display. On such an instrument, a 50 mV/cm
sensitivity means that it needs a 400 mV peak-to-peak
signal to fill the screen vertically.

Always look at scope sensitivity specifications carefully.
Manufacturers usually give it in peak-to-peak terms so

ere will be no misunderstanding. R.m.s. values can be
misleading. A scope with a 50mV r.m.s. sensitivity
is the same as one with a 140 mV peak-to-peak specifi-
cation. ‘

The next most important part of the scope specification
is for the timebase. It used to be common to characterize
the timebase (horizontal sweep) in terms of its maximum
repetition rate, but nowadays the manufacturer usually
specifies the maximum sweep speed in ps/cm. This is
particularly important in measuring switching times of
pulse waveforms.

More important than the timebase maximum speed is
how it is synchronized with the applied signal. There
are two main types of sweeps used—*“recurrent” and
“triggered.” In the recurrent, the generator is free-
running and will synchronize with the input signal only
when its frequency is carefully adjusted to be marginally
“ slower ‘than the frequency with which it is to be locked.
In the triggered type of sweep the input signal exerts
a more definite control over the repetition frequency of
the sweep within very wide limits, and hence the sweep
pattern is forced to synchronize with the input signal and
thus provide a stable pattern within these very wide
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‘ Scopes with
restricted bandwidths can be made much more sensitive, -

limits. Good-quality scopes nowadays usually employ a
triggered sweep system.

Scopes coming on the market now are usually “d.c.
scopes.” Early instruments could be used to inspect only
a.c. waveforms because it was difficult to make an econo-
mical stable d.c. amplifier. A d.c. input considerably
extends the use of a scope, and many instruments now
have switched d.c. or a.c. input coupling. In transistor
work ' particularly this is almost essential. Only d.c.
scopes can do some jobs such as providing a high-
impedance null-detector for a d.c. bridge, making low
frequency phase measurements, or displaying charac-
teristic curves of valves and transistors.

Calibrated controls are desirable in a scope. This

‘means that both the vertical sensitivity and the horizon-

tal sweep rate should be capable of accurate setting by
scaled controls on the front panel. Most good quality
scopes provide this, and also have internal facilities for

checking the accuracy of these controls.

So far, we have assumed only one trace appearing on
the screen, and most scopes are, in fact, single-beam
instruments, showing a single trace. Where you want to
display two signals together, you can use a double-beam
scope. These have been available for years; many readers
will remember affectionately the Cossor double-beam
scopes that became “bits of lab furniture™ during the
1950s. However, nowadays single-beam scopes have
been adapted to give a double display also and are then
known as “dual-scopes.” In these, an internal circuit
rapidly switches the display between two inputs and
produces a separate display for each. .

Some companies (e.g. Marconi) also market separate
electronic switching adapters, which can be used to con-
vert a single-beam scope to a dual display type. ’

Another class of multitrace scopes uses separate c.I.ts
for the different channels with a common timebase, e.g.
Airmec’s Type 249, four-channel oscilloscope.

Another facility. now common in lab scopes is a “de-
layed sweep.” In this the timebase is arranged so that
the scope display starts at some point on the waveform

after the point initiating the sweep triggering. With a

variable delay of this sort you can bring any point of a
display into view for close examination. |

Since many scopes without sweep-delay facilities are
in use, some firms (e.g. Philips) produce separate trigger-
delay units which can be fitted on to a scope without
sweep delay.

Normally you use a scope to display a voltage verti-
cally against a period of time horizontally and this tends
to make you forget that the scope is really a two-dimen-
sional display of two voltages against each other. Special
instruments known as “ X-Y scopes ” (using d.c. coupled
amplifiers with equal horizontal and vertical sensitivities)
are sometimes used when it is desired to display two
external voltages against one another, but many modern
general-purpose scopes can be arranged for use as X-Y
scopes by switching out the timebase.

Some scopes have provision for amplitude modulating
the intensity of the electron beam, and thus varying the
brightness of the screen trace. This intensity modulation
(which is commonly known as “Z-axis” modulation),
makes it possible to give a “three-dimensional ” display
to a set of three voltages. One useful application is to
use the output from a known-frequency oscillator to give
bright spots on the trace to verify the calibration of the
horizontal timebase.

So far, we have really only been considering the display
of periodic waveforms. However, most modern scopes
can be used for “single-shot” operation. In this the

(Continued on page 361)
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frequency modulation component from the high fre-
quency carrier and allows you, with a scope capable of
audio frequency response only, to carry out signal trac-
ing on v.h.f./u.h.f. communication equipment.

An important accessory for the scope that is often
overlooked is the trolley. Now that scopes are becoming
transistorized and very much lighter than they used to be,
trollies are perhaps not as necessary as they once were.
But even with a modern light-weight professional scope,
it pays you to use a trolley to protect it from unnecessary
bumps and damage.

With the development of *instant-picture” Polaroid
cameras, the use of cameras to make a permanent photo-
graphic record of a waveshape on an oscilloscope screen
is now commonplace, and most oscilloscope manufac-
turers supply accessories for this purpose.

Practical aspects of oscilloscope use

When you come to use an oscilloscope, the first precau-
tion you should take is to confirm that it is satisfactorily
earthed. An interesting experiment is to unhitch the
earth connection of a scope while you are watching the
internal calibration signal derived from the mains; you
may find surprising distortion of the trace resulting.

The fan forced-coolmg that used to be standard with
lab. scopes 1is beginning to disappear, with the use of
transistors in their design. Where you are usmg a scope
with fan cooling, however, always see that the air intake
is left clear of obstruction and always ensure that the filter
is cleaned out from time to time. This way you will
lengthen the life of the instrument. o

If you have occasion to dig about in the inside of an
oscilloscope, always as a standard practice pull out the
mains plug and discharge the high voltage capacitors to
earth with an insulated-handle screwdriver before
attempting to touch any component with your fingers.

When actually using the scope, always keep the trace
brightness at the lowest level consistent with seeing what
you want to see. A particular precaution is never to leave
the spot stationary on the screen with the brightness
turned up. Although c.r.ts are now highly resistant to
abuse, this elementary precaution to avoid a burn mark
on the screen is always worth while.

Scopes nowadays are usually provided with a graticule,
i.e., a grid of ruled lines on or near the c.r.t. face against
which the trace can be lined up and measured. Modern
practice is to make the graticule with a 1-cm grid. Where
the graticule is on a separate screen in front of the tube,
always look direct on to it to avoid parallax errors. No
damage can be donhe by turnlng up the illumination on
the graticule too high, if it is of the illuminated type, but
you will find that if you use the scope for a long period
an overbright graticule can become tiring on the eye.

Always explore the full potentialities of your scope,
however modest its specified performance. You will be
surprised how much you can achieve with even the sim-
plest of instruments. It is rather like using cameras.

Photographs under extreme lighting conditions may be

impossible without a super-performance camera, but in
over ninety per cent of ordinary cases perfectly adequate
photographs can be taken with the simplest of box
cameras, if sufficient skill is employed. When you have
become used to an oscilloscope, it often pays you to go
back and read the handbook once agam because you
will often discover potentialities of the instrument that
you had missed in your early studies.

In any laboratory, if you can afford it, it pays to have
at least two scopes available—a general-purpose modest-
performance bench instrument, highly portable, which
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Fig. 54. Vertical sensitivity calibrator circuit for oscilloscope. Trl
and Tr2 are germanium alloy 7 Mc/s r.f. types (e.g. NKT 128); DI is
a germanium diode (e. g NKT 149 B30); and DZ is a 6V (approx)

low power zener diode.

can take on the bulk of the routine lab. measurements,
and a professional high-precision scope, which is kept
free for applications really requiring it. This way too,
you can hold the high-grade instrument as a standby
calibration check for your bench instrument.

If your scope is not fitted with vertical and horizontal
internal calibration, you can buy commercial units to
provide calibration signals for this purpose. On the other
hand, it is quite easy to “knock up” suitable units for
this. In the case of horizontal timebase calibration, a
useful accessory is a small 1Mc/s crystal-controlled
oscillator which provides one cycle in a microsecond. At
the low frequency end, you can check the horizontal
sweep against one cycle of the mains frequency.

For vertical calibration (which is usually much more
often called for than horizontal calibration) you can
make up a simple calibrator on the lines indicated In
the circuit of Fig. 54. Battery-driven, it has an on/off
switch SW1 push-button operated so that current is con-
sumed only when makmg a calibration. The output
selector switch SW2 is arranged to provide 5mV, 50 mV,
500 mV and 5V peak-to-peak in its four positions. The
multivibrator Trl, Tr2 is arranged to switch about
1 kc/s, well within the bandwidth of all normal scopes.
The switch SW3 enables the multivibrator to be switched
off and thus provides d.c. output voltages identical with
the peak-to-peak voltages available when the multi i1s

running.

Doing work of other instruments

We have touched upon the trends in oscilloscope design
over the last decade. Transistorization, the widespread
use of plug-in modules for versatility, portability, minia-
turisation, and the extending knowledge of the instru-
ment all mean that in many cases the scope is taking
over much of the work formerly done by multimeters,
valve voltmeters, etc. Once you have become accus-
tomed to handling a scope, you will be surprlsed how
often you find yourself turning to it.

The oscilloscope suffers some -disadvantages when
compared with the multimeter and the valve voltmeter.
It is usually larger, heavier, and more complex to work
and interpret. Also it is more expensive. But it has
many compensating advantages. In all branches of the
electrical and electronic industries, we are concerned
with varying voltages and currents. Through the eye

“of a scope we can look at rapid changes in these better

than by any other method yet devised. Any changing
phenomenon which can be represented by a voltage or
a current can be studied with this “visual slide rule.”
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RAMP GENERATOR

TRANSISTOR CIRCUIT GIVING TRIANGULAR AND SQUARE WAVES

HIS article describes how the design of a conven-

tional emitter-coupled monostable circuit may be

modified to enable it to give a sawtooth output
waveform, of known duration and short flyback/run-up
ratlo, in addition to the rectangular output pulse which
is normally produced upon receipt of an input trigger.

Circuit Operation

The operation of the circuitt (see Fig. 1), in which
E,> E,> E,, is as follows:—
Inmally D1 is held in conduction by the current in

- El

TRIGGER

Es
Fig. 1.

Basic circuit of ramp generator.

R, and RV,; The forward voltage drop of D1 is greater
than the forward base-emitter voltage drop of T1 when
the latter is conducting, thus the emitter of T2 is less
positive than the base voltage of T2, viz E,, with the result
that T1 is conducting and T2 is cut-off.

Since the base voltage of T1 is approximately at E,,
its collector current is nearly (E, — E;)/R; and this
flows into R, and the base emitter circuit of T3. The
current in R, and thus the collector of T3, is only the
leakage current of T2, so T3 is heavily saturated, the
potential difference across C; being almost zero.

Let us assume that a trigger pulse of suitable polarity,
amplitude, and duration is applied to the circuit (e.g.,
a pulse positive with respect to E, at the anode of D2,
or a pulse negative with respect of E, at the base of
T2). TI1 cuts off and T3 ceases to conduct, allowing
the capacitor C, to become unclamped.

A constant emitter current (E, — E;)/R; produces
a voltage step across R;. Since the charge on C, cannot
change instantaneously this step is transferred to the
base of T1; and is of sufficient magnitude to ensure that
T1 stays cut off when T2 starts to conduct.

*Lecturer, West Ham College of Technology.
tPatent applied for.
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By B. L.. HART,™ B.Sc.(Hons.), A.M.LLE.R.E.

If we designate the constant current in T2’s collector
I and the current in R, by 7 then conventional circuit
analysis gives the formula:—

/11 o
2<C_1 +62) +{Ra i

Thus if circuit component values are chosen such that

| di I
R, --RV,}]. — - =0
2 ‘)dz

. IC d: : -
7 == c +2 , then i = 0; [smce (Rg + R, + RV,) ~ O]
ftriq
> =
o o %%
—Vat E( ‘.
=0

t:l 3 (5‘) '“ col (R5+R6)

————— . —— BT Great S ——

¥
5

Ve3GeD+icaRs

(d)
Fig. 2. Waveforms in circuit of Fig. I. At (a) base of Tl (Vuy);

(b) collector of Tl (V.;); (c) collector of T2 (Vo) (d) voltage
across Cy.
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TRIGGER D3 I R o

T4

Fig. 3. Addition of T4 to reduce recovery time of C,.

TRIGGER D),

Fig. 4. Re-arrangement of Fig. | to use n-p-n transistors.

This means that the linear rate of voltage rise, I/(C, +
C,), at T2’s collector produces a constant voltage at the
base of T1: by design this is of sufficient magnitude to
hold T1 cut-off when the trigger pulse is removed.

When T2 saturates its collector voltage is held at
approximately E,. The voltage at the base of T1 now
falls at a rate {/C, and T1 starts to conduct. This in
turn causes T3 to conduct, T1 and T3 now function
as a complementary switching arrangement causing a
regenerative switching action and rapid switch on of
T1, and T3. C, is thus rapidly discharged.

The collector of T2 recovers with a time' constant
C, R¢ and the circuit awaits the next trigger pulse.
R; and R; are not essential to the operation of the circuit
but may be incorporated for the following reasons.
R provides a load from which a square output waveform
may be taken. R; limits the discharge current of C,.

R, makes T?2’s base amenable to triggering. The small
resistor R, ensures that T3 is held in a low conduction
state when T1 is cut off. RV, is incorporated in order
that possible adverse component tolerances may be
cancelled out and is so adjusted that the waveform at
T1’s base is flat-topped whilst T2’s collector voltage is
rising (i.e.,- adjustment ensures that the relationship
== 1C,/(C; + C,) 1is satisfied).

The circuit functions in the same way if the rising
waveform at T'2’s collector is inhibited by means other
than T2’s saturation. For example, if the anode of a
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C
T3 T |
Es

, Es
nv Ry ﬁ ¢ ‘

R, ‘ G, SRs
TRIGGER D2 —F
=i =cw v Tt Es
' R m /.'- \

Fig. 6. Free-running ramp or sawtooth generator.,

“ catching > diode is connected to the collector of T2,
or the junction of R, and C,, and the cathode of the said
diode is connected to a low impedance voltage which
may be varied, then the quasi-stable time of the circuit
may be set as required. The charging current of C,
is known and the voltage swing across it are both known
so the time period is calculable. Although E,, E,
and E; are shown as separate voltage supplies they may
be referenced against each other by means of Zener
diodes, in order to minimize variations in time period
with temperature change.

Waveforms and Timing

The waveforms of Fig. 2 refer to the circuit of Fig. 1.
It is assumed that the waveform at the base of T1 is
flat; then as shown above

_ I1C,
(G, + Cy)

After an interval z, T2 bottoms and C, starts to
discharge. Providing &v < <V then the discharge
rate is approximately constant at :/C,: ¢, is determined
by the time taken for the base of T1 to fall by K&y
and T1 to start conducting. By design K===0.5, though

it will not be precisely known. It is shown in the
appendix that r, = K C; R,.

?
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Referring to Fig. 2 (c), when T2 bottoms the charging
current of C, decreases with time; in fact for 7, <z <
(t. + t,) the voltage across
C, = V — dv e t/%%, where V= E; — E3 — Vea(su)
and hence after ¢ = 1, this reduces to

(V — dve)

It can be arranged that 7, = 0; by adjusting RV, so
that the base voltage of T1 has a negative slope in the
interval z. In this case the timing is governed by T1
starting to conduct before, or just as, T2 saturates.
However the charging of C,; is no longer linear and
t. is not so precisely defined.

The waveforms shown correspond to a negative
trigger applied at the base of T2. If a positive pulse
is applied at T1 base it will be coupled via C, into the
collector circuit of T2 and thus cause an increased
charging rate of C, during the period of the trigger.

Monostable circuits using the principle described have
the advantage over conventional monostable circuits of
not requiring transistors with large reverse base-emitter
‘voltage ratings since the base is never reverse biased
by more than about 1V. |

Best practical results are obtained with transistors with
low saturation voltages and by having (E, — Ey),
(E, — E,), as large as possible.

For Fig. 1 typical values are as follows:—
R, = 4.7kQ R = 1kQ D1, D2 : 1IN 914

R, = 15kQ R, = 1kQ T1, T2 : ST 8034
R, — 1kQ C, — 05.F  T3:2N 708

1

Fig. 3 shows how the recovery time of C2 may be
reduced. The small resistors in the bases of T3 and
T4 facilitate current sharing.

Fig. 4 shows the n-p-n version and Fig. 5 the valve
counterpart to the circuit of Fig. 1. Components
fulfilling the same function are similarly labelled through-
out.

The addition of an a.c. coupling from the collector
of T1 to the base of T2, (see Fig. 6) enables a free running
sawtooth to be obtained. In this the off time of T2
is governed by Rj, R, Cj;.

APPENDIX

I = Collector current of T2.
. : IC, )
i = Currentin R, = | ——— ] for case considered.
C, +C,
V. = E; — E; — Vog(aa) .
ay = d.c. common-base current gain of T2.
B; = d.c. common-emitter current gain of T3.
@)

For linear charging of C,,
Voo (I-—1i)
Le — G

, or
- R; (C; 4+ Cy)
! (E1 - Ez)

V=500  ee  ee  ea (O

This can be reduced further:—
V—-I-9)Ry; T—12)

2 C
- or
1 E,— E
Iy = w R, (G, + Qg) (E?:—E—:) CiRq
If, as is probable in practice E, — E; = E; — E,
(e.g., B, = + 12V, E; = — 12V; E,; = earth)
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‘then
1
Zr:;Rl (C, +Cp) —C Ry . oo oo (2)
2
(i)
Kdv (I—1)
Zb - Cz _;“"‘ - KCZ ”‘"z:“—— Rﬁ
or

tb - I<C1RG e e e a® o-@ e (3)
(ii1) Since

4 —_
t. = C; \Mé __(j,;J) and t, = C, K;,SU
. 1}V ]
fe gl ]
if
v =1V, V=12V, K =05
then
. -
—=22 .o . .o oo oo (4)
Ly

(iv) At the commencement of period z,, the current in Rg
is (I — 7): this decreasés as C,; charges up through Re. In
fact for ;,< ¢ < (¢, + t,) the voltage across C, is given (assum-
ing Rg > r,, of T2).

V — 8o, ~t/CR,
Since t, == K C, R, this reduces to,

V — éy, K |
(v) When T3 is switched on its base current is approx I,
and its collector current (assuming Ry is omitted) is B,l.

"Hence C, is discharged, approximately linearly, in a time

t, where,
Gy (V — b89,7%)
Bl

L

Further

L (C, + G (V —ov) Bsl

It 1 - C, (V — dv;%)
or

1, C, + G,
N B3 — ¢
L C, .

Commercial Literature

A booklet outlining the microelectronic services offered by the
Marconi Company has been produced by the Microelectronics
Division, which is based at Witham, Essex. Several application
reports have also been produced by this Division including “A
microelectronic frequency divider with a variable division ratio,”
« An introduction to microelectronics,” Microelectronics in
equipment design,” “ Modern trends in microelectronics,” and
< Semiconductor integrated circuit building blocks for linear
systems.”
7WW 301 for further details

« Signal Generators and other Signal Sources » is the title of a
75-page publication produced by Rohde and Schwarz and obtain-
able (only a limited quantity available) from the U.K. agents
Aveley Electric Ltd., of South Ockendon, Essex. It includes
chapters on the applications of equipment as well as information
on their own instruments. .

TWW 302 for further details

« Heat Sinks for Semiconductor Power Rectifiers and Thyris-
tors ” is the title of a 14-page booklet from S.T.C. that lists and
illustrates the ranges of cast aluminium heat sinks they offer
ready drilled to take standard semiconductor studs. Power dissi-
pation curves for the various heat sinks showing conditions for
convection cooling and forced air cooling are included. Copies
of this publication (MF/187X) are available from the S.T.C.
Semiconductor Division (Rectifiers), Edinburgh Way, Harlow,

Essex.
7WW 303 for further details
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“Many Strange Birds”

HEN Spring is sprung and grass is riz and butterflies
are mating, up in their London officiz the visitor-birds
are waiting. And when the sun shines high and hot

and isobars are melting, down to our sequestered spots the
flocks come madly belting. It could be that they feel an
urge for new techniques to bite on; it could be that we’re on
the verge (or perimeter) of Brighton. .

The Hove side, of course. Anyway, that’s quite enough of
that; at least it’s out of my system and every doggerel must
have its day. But where were we?

Oh yes—the visitor-birds (Inquisitivus Impossibilis). Until
. the post-war period these creatures were comparatively rare

in this country and it was not until electronics manufacturers
elected to go bucolic and build their edifices in charming
olde-worlde nooks like Soap-behind-the-Ears or Furnish-out-
of-Income, that the numbers of the visitor-birds began to
show a significant increase. There are now several varieties
which are native to this country, while others are migrants,
paying fleeting visits only during that short period which is
laughingly called summer. All are comparatively harmless,
having, at worst, a certain nuisance-value at times. They are
not to be confused with another genus, Proboscis Inquisi-
torus or Ministerial Snooper which can, without warning,
descend i1n hordes like a plague of locusts, spreading chaos
and ruin, and for which there is no antidote known to science.

Among the less-common of the native visitor-birds is
Inquisitivus Politicus and the species is eagerly encouraged
by Company Chairmen as harbingers of good fortune (pos-
sibly a K.C.B.), by Managers (a C.B.E.) and by Wash-Room
Attendants (a B.E.M.). Their arrival is presaged some weeks
in advance by the appearance of a flock of elderly secretary-
birds who have the curious habit of flapping about the place
waving pieces of paper in front of the Management.

As some of the rarer of the species dislike fuss and
ostentation, everything possible is done to ensure that a
normal working-day routine is adhered to. It is just coin-
cidence that an army of painters, plasterers and interior deco-
rators will have been working round the clock for the pre-
vious month, covering the whitewash which has done duty
for the past decade with a decor of cool jade picked out with
gold. It just so happens that Old Joe, the senior sweeper-
upper has been sent off on an advanced driving course pre-
paratory to operating the King-size vacuum cleaner which
has turned up on the same day as a red carpet—one of
those knee-deep pile affairs—in the foyer. It just so happens
that although the Managing Director has for years intended
to have such a carpet installed, he has somehow only just got
round to it three days before The Arrival.

It also just so happens that Angus MacHinery who is
unquestionably the best capstan lathe operator in the business,
but who has a flow of invective which can on occasion be
considered unfortunate, is unaccountably seconded to the
Accounts Dept. for a week’s stint, his place being taken by
the renegade son of an Earl with a theory about democracy,
and a Berkeley Square accent. And if perchance it is on the
programme that the visitor-bird shall taste the canteen
soup then the canteen staff are, to a man, stricken with a
one-day palsy hitherto unknown to medicine, while a firm
of West End caterers steps into the breach. But apart from
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these and a few other trivialities, everything is exactly as
normal. | -

The overseas variety of the species (Inquisitivus
Wileorientalgentlemanus) is much less predictable. - Speci-
mens of these are imported from time to time by the Central
Office of Information, usually after large deposits of oil or
uranium have been discovered on the birds’ natural breeding
grounds. :

The first crisis occurs two hours before the estimated time
of arrival when realization dawns that nobody has the foggiest
idea what the national flag of Chinpak looks like. After a

- flurry through the pages of the “ Encyclopadia Britannica,”

the Managing Director is seen pedalling furiously at Mach
0.95 down to the village drapers for some remnants of the
right colours. Mission accomplished, there follows a spirited
return to base (uphill) and some intensive work with the
surgery sewing machine. »

He need not have panicked. Foreign potentates are never
less than four hours late and the Press boys knew they were
on a safe bet when they cut down to Hove for a swim. The
entourage arrives just when all right-minded citizens have
their ears cocked for the bell tolling the knell of parting day.
The distinguished visitor-bird in full oriental . plumage
waddles out from his Rolls accompanied by a bevy of long-
stemmed Birds of Paradise (dedicated technical advisers, no
doubt) and a dyspeptic little man who turns out to be the
C.O.1. interpreter. ' _

The Chairman, standing on the front steps, delivers a
welcoming oration in pidgin English, to which the distin-
guished guest replies suitably in impeccable Etonian, and the
tour is on. The most educational aspect of this is the expression
on the C.O.I. interpreter’s face as it becomes clear that his
journey has not been really necessary. However, his is not
to reason why. His orders were to interpret, and interpret
he does; his struggle to render “epitaxially grown mono-
lithics ” in fluent Chinpak is a joy to behold. We now know
why he is dyspeptic.

The day terminates with an adjournment to the Hotel
Fabulous, where a fiesta has been arranged in honour of the
distinguished guest, his entourage, his legation, his oil wells,
his uranium deposits and all that therein is. For the occasion,
some of the more comely Company secretaries have been per-
suaded to doff their double-knit cardigans and pour them-
selves into hired gowns in order to act as hostesses.

As summer progresses, the influx of visitor-birds increases
with rise of temperature and on really hot days the establish-
ment is indistinguishable from a holiday camp. This
despite the fact that the more experienced of the species
merely touch down, put in a telephone call to the Head
Nest to establish that their beaks are well down on the old
grindstone and then flap quietly away beachwards to tuck
their heads under their expense accounts until sundown.

A notable exception is Inquisitivus Scribus Technicus or
Greater Genned-up Scribbler (not to be confused with
Scribus Vulgaris, or Common Yellow Newsbird, which it
superficially resembles). Most Genned-up Scribblers are
young, terribly earnest and completely harmless; in view of
their innocuous disposition it is most unfortunate that
physicists and engineers have a built-in horror of having one
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within miles of them—a phobia which
has been traced to an irrational fear of
being misquoted. Many a sober, God-
fearing physicist has awakened scream-
ing in the night, having dreamt that
Wireless World has splashed its front
cover with a colour picture of himself
and a laboratory assistant who looks
remarkably like Miss Brigitte Bardot in
one of her more evocative attitudes, the
whole being surmounted by a banner
headline which screams:—

«<EINSTEIN WAS WRONG!’

DECLARES PHYSICIST ”

In fact there-is only one member of
the species of which the young en-
gineer or physicist should beware. This
is the female Golden-haired Honey-
bunch, who arrives looking so lost and
. bewildered that the protective instinct
of even the most embittered misogynist
is imediately aroused. :

She timorously asks you a question
about lasers; now, lasers aren’t your sub-
ject but why should the Chief of Optical
Frequencies have all the fun, so you
tell her all you know. (which isn’t much)
and spin it out with what you can im-
provise as you go along (which is aIot
more). She listens, with rose-bud lips
slightly parted and big baby-blue eyes
open wide. Encouraged, you pull out
the stops, blinding her with science and
letting her know by implication that if
Clerk Maxwell had been living today he
would have had competition. . .

It is at this point that she sees the
whites of your eyes and lets you have it
right between them:— ‘

“What about the Mdssbauer Effect? ”

Ah—what, indeed? The trap has
been sprung and you are floundering in
a miry pit of your own digging. What
on earth is the Mossbauer Effect? You’ve
heard of it vaguely, but for the life of
you you can't place it. How dare he
come barging in with his wretched Effect
to break up a beautiful friendship? And
while you’re stuttering and bumbling,
that bewitchingly helpless little girl has
covered a blackboard with equations
which send you scuttling into a crack
between the floorboards. Only the pro-
vidential arrival of the Chief of Optical
Frequencies restores order and puts
Mgssbauer back in his gamma-ray-proof
cage, from which, it seems, he never
should have been allowed out, as that
dear little girl knew only too well.

In the gathering dusk you sit glumly
in the now deserted lab. vainly trying
to mend the puncture in your ego and
reflecting that the late Mr. Phineas T.
Barnum may not have known much
about lasers either, but that his statistical
analysis of the birth-rate of such as
yourself was bang on target.
until the next day that you find out that
the Golden-haired Honeybunch is a
Ph.D. with all the possible trimmings.
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Colour and Stereo Broadcasting Discussed
at this Year’'s R.T.R.A. Conference

EMBERS of the Radio and Television Retailers’
Association at their annual conference held recently
in Scarborough, heard from the B.B.C’s director of

engineering, F. C. McLean, of recent happenings on the
colour television fromt and also of the work being done in
stereo broadcasting. |

During question time Mr. McLean was asked how
long the Country would have to wait for a decision on
colour. Not being able to answer for the Postmaster-
General, he said that he could not give a date, but
in his opinion it was very unlikely that all countries in
Europe would ever agree on a common system.

This brought a resolution from Mr. B. Proffitt, of
Bolton, “urging the Postmaster-General to introduce a
colour television service as soon as possible and in
default of agreement at Oslo next year, that we should,
in Britain, go it alone.”

Colo.ur Television Situation

The colour situation at present is pretty much the same as
before the Vienna Conference, Mr. McLean told R.T.R.A.
delegates. Referring to the counting of heads in favour of
one system or another at the end of the Vienna Conference
(see May issue, page 229), he pointed out that while some
of the countries represented have done, and are still doing,
considerable work on colour systems, others have no opera-
tional experience, nor have they undertaken any investiga-
tional work, In a number of cases the countries represented
have not even a black-and-white service ! Among those who
have done work on colour, few supported SECAM compared
with the number for N.T.S.C. and PAL, which were fairly
equally divided.

Outlining the advantages and disadvantages of the differ-
ent systems, Mr. McLean stressed that the design problems
~of N.T.S.C. have been well studied—not only as regards the
studio and transmission equipment but particularly on
receivers. - Another significant point came to light when
he told delegates “I think it is true to say that a receiver
for the N.T.S.C. system has the minimum number of
components, giving the greatest reliability and the lowest
cost.

Coming very close to the N.T.S.C. system, Mr. McLean
stated, is PAL, but receivers will cost more as additional
functions have to be carried out if the optimum form of
delay-line PAL is used. It was also explained that in areas
where multipath effects occur (causing ghosting), PAL has
some advantage over N.T.S.C. and thus, it may possibly be
easier to secure European agreement on the basis of PAL
than N.T.S.C. Another series of B.B.C, experimental trans-
missions using the PAL system began on 24th May (see
“World of Wireless ). ‘

Mr. McLean told the conference that, in his opinion,
SECAM does not give such a good colour picture, nor such
a good compatible black-and-white picture as N.T.S.C. /
PAL, and receivers would cost appreciably more. He also
stated that the advantages claimed for SECAM in recording
are of little value and that those claimed for transmission
over long distances are quite unattainable in the presence of
multiple distortion,

Concluding his remarks on colour Mr. McLean told
delegates that all the BBC-2 transmitters have been engin-
eered so that they can take any colour system, and the Post
Office is providing lines on the same basis. Only the mini-
mum of modification is necessary to studios. Once a decision
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has been taken, Mr. McLean said, the B.B.C. would do
everything possible to expedite a nation-wide colour service.

Stereo Broadcasting

Turning to stereo broadcasting, the B.B.C’s director of
engineering told delegates that the Vienna Conference pro- .
visionally accepted two systems for stereophonic trans-
mission. The first of these, the polar-modulation system
was accepted for use in areas using 50kc/s deviation (the
Eastern Bloc) and the pilot-tone system, the adopted name
for the Zenith-GE system, for areas using 75 kc/s deviation
(Western Europe). | ,.

Other systems, Mr. McLean continued, were put forward
at Vienna, but none was thought to be sufficiently advanced
to be adopted. He did say, however, that there will be
another chance of putting a system forward at the meeting
in Oslo next year, should one become sufficiently advanced.

“What people are looking for, and what is not given so
far by either of the systems adopted,” Mr. McLean said, “is
the ability to use stereophonic transmission for two separate
programmes at such times that stereophonic transmissions
are not in progress.” He then told delegates that countries
with more than one language would welcome this facility,
which could also be used by other countries for putting out
subsidiary programmes.

A reference to a system developed by a Swedish engineer,
G. R. Burgland, that employs compression and expansion
techniques, was made by Mr." McLean. This, he stated,
has been tried by the B.B.C., but so far has not proved very
successful and the equipment is being returned for modifica-
tions. Although the Swedish system has better cross-talk
characteristics (necessary for dual programme transmission),
he pointed out that more complex receivers are requiréd
which would cost appreciably more.

Closing his address, the B.B.C.’s director of engineering
said that as no decision to start a regular stereophonic ser-
vice in the United Kingdom had yet been made, the choice
of system was still open. R

Guarantee Terms

During the open forum, one of the delegates told the con-
ference that the new guarantee terms offered by Decca were
one of the finest things introduced in the trade for many
years. Mr. D. M.. Keegan, .the Association’s director,
endorsed the delegate’s statement and said he looked for-
ward to the time when more manufacturers could offer
similar terms. Representatives from other manufacturers said
this was not possible until the component makers could offer
better terms, . o

The Decca guarantee is for one year on all parts (includ-
ing valves and c.r.t.s where applicable) for television
receivers, radiograms and record players, and for two years
on transistor radio receivers. It should not be necessary for
dealers to make a charge whilst equipment is under guaran-
tee, as, to quote from the Decca booklet outlining the
guarantees, a payment of £2 will be made “to the retailer to
offset labour costs which might possibly be incurred by the
retailer in discharging, on behalf of Decca, service activity.”

Mr. N. A. Twemlow, a director of Pye Ltd., told the
conference that at present some parts of a television receiver
were guaranteed for 12 months, while others were for six
months and others were for three months. He also added
the success of the Decca venture had been placed in the
laps of the dealers, and many other manufacturers would be
watching with great interest. ‘

WIRELESS WORLD, JuLy 1965

www americanradiohistorv com


www.americanradiohistory.com

