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VIEWPOINT WITH MULLARD
STEREOPHONIC BROADCASTING DEMONSTRATION

Engineers and authorities in several 
countries have for som e time been investi­
gating the practicability o f providing radio 
transmissions o f stereophonic sound, and 
various methods are at present under review  
by different bodies. The European Broad­
casting Union, meeting in Cannes, France, 
in February, considered a number of pro­
posals, among them being a new system, 
developed by G. D. Browne of the Mullard 
Research l aboratories, based on a time 
multiplexing technique similar to that used 
in som e point-to-point communications 
systems.

This system has recently been dem on­
strated to the Press, and representatives 
from industry and other interested parties 
including the B.B.C.

The demonstrations were of transmissions 
from an experimental transmitter to a re­
ceiver over a short distance. A  variety of 
programme material showed the capabilities 
of the system and a further interesting 
demonstration was of its bi-lingual 
possibilities.

T he system  requires only one V H F  car­
rier wave to  transm it the stereophonic 
signals, and, in fact, one im portan t feature  
is th a t existing V H F /F M  broadcast tran s­
m itters could be used with only m inor 
m odifications.
Simple Stereo Receivers

T he system ’s chief advantage, however, 
is th a t it w ould enable stereophonic re ­
ceivers to be  produced  w hich are little m ore 
com plex than  conventional m onophonic 
sets: ap art from  the second loudspeaker and 
audio stage necessary fo r stereophony, the 
only addition  w ould be a  circuit using at 
m ost two valves, o r possibly one transis to r 
and two crystal diodes. E xisting V H F /F M  
radiogram s w ith facilities fo r stereophonic 
record reproduction  would, in m any cases, 
be convertible to receiving stereo  b ro ad ­
casts on  the  system  by the addition  o f only 
one valve and its associated circuit.

Compatibility
T he system  m eets all the generally 

accepted perfo rm ance  requirem ents for 
stereophonic broadcasting. It is com patible 
w ith the existing V H F  sound transm issions, 
so th a t conventional V H F  sets will accept 
the stereo  transm issions and reproduce them  
m onophonically  in the norm al way; it is 
also reversely com patible, which m eans that 
the listener w ith a stereophonic receiver 
designed fo r the system  will hear the 
m onophonic signal from  both channels of 
his receiver when tuned to  a  m onophonic 
transm ission. Both these facilities were 
dem onstrated .
High Fidelity

F u ll stereophonic effects, com parab le  with 
the best provided by th e  direct reproduc­
tion of stereo  discs o r tapes, a re  given by 
the system, and since the audio  bandw idth 
transm itted  is 15,000 c /s , very high quality 
reproduction  is possible from  a well-designed 
receiver. T he rad io  frequency channel 
bandw idth is such th a t the system  occupies 
no m ore channel space than  is norm ally 
taken up by conventional V H F  tran s­
missions .
Bi-lingual Possibilities

A p art from  its prim ary  purpose of tran s­
m itting en terta inm en t stereophonic radio 
p rogram m es the  system  can also be used 
for bi-lingual speech transm issions and o ther 
tw in-signal applications. T hus a  program m e 
could be broadcast in, say, F rench  and 
G erm an sim ultaneously from  the same 
transm itter; one channel o f the stereophonic 
receiver w ould give m onophonic reproduc­
tion o f the  F rench  version and the o ther o f 
the G erm an. This facility  m ay have an 
application  in schools broadcasting  where, 
by placing the  two speakers o f the stereo 
receiver in different classroom s, two 
language lessons, fo r exam ple, could be 
given at one and the sam e tim e. It would 
also be useful fo r en terta inm ent b roadcast­
ing in countries w here no t all the inhabitants 
have the sam e language.

MULLARD-AUSTRALIA 
PERSONALITIES

W ith this issue we have pleasure in 
introducing M r. Laurence W ade, who 
heads the M ullard Industrial and Pro­
fessional Valve D epartm ent at 35-43 
Clarence Street, Sydney.

M r. W ade joined the Company in 
1956, bringing with him an engineer­
ing background gained in both in­
dustry and Governm ent Departments 
and commercial experience as a Sales 
Engineer with an electronic com po­
nent manufacturer.

Late last year he visited our Parent 
Com pany in England and associate 
companies in Europe and the U.S.A., 
where he studied new developments 
in special valves, tubes and semi­
conductors.

He is an Associate of the Sydney 
Technical College, Associate M ember 
of the Institution of Engineers A ustra­
lia, and an Associate M ember of 
the Institution of Radio Engineers 
Australia.

An enthusiastic am ateur boat buil­
der, M r. W ade spends much of his 
leisure time boating and water skiing 
on Pittwater, near Sydney.

On the stage at the dem onstration rehea rsa l is M r. G . D. Brow ne, beh in d  him  is the experim ental stereophonic  
re ce iver, and  on the le ft  and  righ t the two lo u dspea kers . H elp ing  to dem onstra te b i-lingua l speech transm ission  
were French-born M rs. Conchita  Hacking from  our B lackb u rn  fa c to ry  and  M iss N ina Is itt  from  M u lla rd  House.
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i m i E T E l

MODULATOR DESIGN WITH 0C26 TRANSISTORS
The application of transistors to low  

power modulators can result in smaller 
transmitter power supplies, thus reducing the 
cost of transmitters designed to operate 
from storage batteries. The additional in­
crease in overall efficiency may also be 
considered a worthwhile improvement.
A transistor modulator requires only a 
fraction of the space taken up by a com ­
parable valve unit and allows full use of 
the high voltage power supply for the R.F. 
section of the transmitter.

Am ong the advantages of a modulator 
of this type are compactness, high overall 
efficiency, no warm-up time and low quies­
cent current when not modulating. The 
design to be discussed will modulate a 
transmitter R.F. output stage having an 
input of up to 25W at any desired im pe­
dance level depending on the number of 
turns on the secondary of the modulation 
transformer.

T he design investigated is requ ired  to 
m odulate  a P.A . stage o f 25 W  anode 
input from  a 325 V rail, i.e., m odulating  
im pedance:—

E2 3252
Z = ----- = ------------=  4,225

W 25 
T h e  pow er ou tpu t requ ired  from  the 

m odu la to r is, o f course, 12.5 W  fo r 100% 
m odulation.

Peak curren t ra ting  of the O C26 is 3.5 A 
and th e  “knee voltage” approxim ately  1 V.

A ssum ing a 12 V supply rail the load 
per transisto r m ay be determ ined:—

Ec 1 2 - 1  11
Rl — ----  = --------  = -----=  3.150

Ic 3.5 3.5 
Roc is thus 3.15 x 4 =  12.60 (assum ing 

class B operation).
O utpu t transfo rm er im pedance ra tio  is 

4225
thus -------  =  335.

12.6
O utput transfo rm er tu rns ra tio  =  v/ 335 

=  18.3.
T he prim ary  inductance necessary, calcu­

lated on the basis o f  a 6 dB low frequency 
loss 1 octave below  300 c /s  is:—

X 12.6
L = -------= ------------------- =  13.3mH

2 vrf 6.28 x 150 
Selecting a  core o f tw o Z371033 “C ” 

core loops the  to ta l core area is 0.258 
square  inches and the  m ean p a th  length 
4.26 inches. T he prim ary  turns m ay be 
calculated by reference to the  peak  flux 
density in the core, and verified by calcu­
lating the  resulting inductance.

E  x 108
Prim ary  turns N p = ----------------—  =

26 fA  Bm ax
11 X 108

-------------------------------------------------  =  69 turns
26 X 150 X 0.258 X 16 X 103 
(f =  1 octave below  300 c /s  i.e. 150 c /s) 

F o r  convenience the  prim ary  winding is 
60 -f- 60 turns bifilar wound.

3.2/i A  N2 
L at 1000 c /s  =  ----------------  at Bmax

108 l
=  16000 gauss a t 150 c /s  

i.e. 2400 gauss a t 1000 c /s  
10 0 0  c /s  =  (not quoted)

T o  determ ine th e  inductance it is neces­
sary to  com pute th e  increm ental perm ea­
bility by H an n a’s m ethod and so in this 
design the  m agnetising force  due to anode

curren t flow in the  secondary w inding m ust 
be considered.

T o ta l secondary tu rns =  18.3 X 120
=  2,200

D C. secondary curren t =  75m A  (25
W  input 
to P.A .)

.'.M agnetising  am pere turns =  165 
AT 165

Thus ------- =  -------  =  39 ampere
L 4.26 turns per

inch
and M agnetising Force  =  39 x 0.495 =  
19.2 Oersteds

H an n a ’s curves fo r the core m ateria l 
indicate a  gap ra tio  o f 0 .0 0 1 " per inch  and 
an increm ental perm eability  o f approx i­
m ately 500.

T he cores should thus be assem bled with
0 .0 0 2 " paper gaps and the inductance m ay 
be calculated as:—

3.2n A  N2
L at 1000 c /s  =  ----------------  =

108L
3.2 X 500 X 0.258 X 1202

------------------------------------ ------  =  14 m H
108 X 4.26 

F o r a  peak collector curren t o f 3.5 A 
a  nom inal O C26 requires an inpu t base 
cu rren t o f 140 m A . A t a  collector-em itter 
potential o f 1 V th e  base-em itter potential 
under these conditions is som e 800 mV.

T he O C74 transis to r can supply this peak 
drive pow er fo r an  input o f 1.4 m A  at 
a  base-em itter potential o f 330 mV 
approxim ately.

T he peak input im pedance looking into 
the  O C74 is thus:—

E  800 +  330
Z  =  —  =  ------------------ =  8000 approx.

I 1.4
1.e. an average input im pedance w ould be 
alm ost twice this figure— say 1500O.

T he m icrophone input transfo rm er m ay 
be designed to m atch the 500 source im ped­
ance of a  carbon m icrophone to  this value:—  

1500
Im pedance ra tio  =  -------  =  30;

__50
T urns ra tio  =  V 30 =  5.45 

Inductance param eters o f this transfo rm er

m ay be calculated  by H a n n a ’s m ethod 
assum ing a D .C . bias cu rren t o f 50 mA, 
due to the carbon  m icrophone, flowing 
th rough  the  p rim ary  winding. A  simple 
bu tt jo in t (0 .0 0 2 " paper) suffices for this 
value of induction with a 12 0  tu rn  prim ary; 
the turns ra tio  im plying a secondary wind­
ing of 650 +  650 turns.

T he push-pull class B “super a lpha” con­
figuration has been chosen fo r this m odu­
la to r because of the savings in com ponents 
and ease with which the penultim ate  stage 
operates. An added advantage is that only 
input and m odulation  transform ers are 
necessary— no  separate driver transform er 
is required . Som e 9 dB o f negative feed­
back is applied (with nom inal transistors) 
w hich no t only enhances the frequency 
response and m inim ises d istortion  bu t re­
duces the  effect of transis to r characteristic 
spreads.

Fig. 1 details the schem atic o f the p ro to ­
type m odulator.

N eglecting inpu t tran sfo rm er losses the 
prim ary  input requirem ents becom e:—

1.13
Vpeak - ------- =  0.21 V

5.4
Ipeak --  1.4 X 5.4 =  7.8m A

W ith 9 dB of negative voltage feedback 
applied

Vpeak =  0.21 X 2.82 =  0.59 V
Assum ing an input tran sfo rm er efficiency 

=  80%
V,„ peak =  0.59 X 1.2 =  0.71 V
T he inpu t pow er is thus:—- 

0.712
Pi„ = --------------  =  5 mW; P0„t =  15 W

2 X 50
T herefore  pow er gain:—

15 x 103
-------------- =  3 X 103 =  35  dB approx.

5
0.71

Inpu t sensitivity =  — — =  0.5 V r.m .s.
V 2 (into 500) 

which is conveniently supplied by a carbon 
m icrophone.

FIG. 1
*  Adjust base bias for total quiescent current of 40m A/ 

not including microphone current.
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The tertiary  feedback turns m ay be dete r­
m ined by considering the voltage gain from  
input to  the  p rim ary  o f th e  m odulation  
transform er.

In p u t voltage (w ithout feedback) =
0.71

-------  -  0.25 V  peak
2.82

O utput (Prim ary) voltage a t 15 W  in to  12.60 
=  \ /W R  =  V 15 X 12.6 =  13.8 V  r.m .s. 

=  19.4 V peak, say 20 V peak 
V oltage G ain  (w ithout feedback) =

20
------- =  80 tim es
0.25

A - M
F eedback  F rac tio n  -B  =  ----------- =

8 0 - 2 8 .5 51.5
AM
1

80 x 28.5 2280 40 
120

The tertiary  tu rn s are  thus — —  =  3 turns
40

N o allow ance has been m ade in this 
calculation fo r the loading of th e  tertiary  
winding o r fo r coupling losses. In  practice 
it was found  th a t 4 tu rns w ere necessary 
to obtain  9 dB of feedback bu t a t least the 
approxim ate  calculation  perform ed above 
serves as a guide.

CO N STRUCTION  
T he com plete tran sfo rm er specifications 

a re  given in  the  table  below.
TRANSFORMER DETAILS 

M O D ULATIO N TRANSFORM ER
Core: 2 loops o f Z371033 “C ” butt jo in t 

0 .0 0 2 " paper.
H alf Secondary: 1,100 tu rns o f  34 B & S 

enam elled copper w ire w ound in 9 layers. 
Primary: 60 +  60 turns bifilar w ound of

21 B & S enam elled copper w ire w ound 
in 4 layers.

H alf Secondary: 1,100 turns o f 34 B & S 
enam elled copper w ire w ound in 9 layers. 

Tertiary: 4 turns o f 2 7 i  B & S enam elled 
copper wire.

Insulation: Betw een windings 0.005 Press- 
pahn.
Between secondary  layers 0.002 K raft. 
Over tertiary  0.005 Presspahn.

IN PU T  TRANSFO RM ER  
Core: i "  stack of I t "  x  0.014" scrapless 

E l grain  orien ted  lam ination , bu tt jo in t 
0 .0 0 2 " paper.

Secondary: 650 +  650 tu rns bifilar w ound 
o f 34 B & S enam elled copper w ire 
w ound in 16 layers.

Primary: 120 tu rns o f 30 B & S enam elled 
copper w ire w ound in 2  layers.

Insulation: B etw een windings 2 x 0.002" 
K raft.
B etw een layers 0 .002” K raft.
Over P rim ary  2 x  0.002" K raft.
Since the collector is com m on w ith the 

transisto r case, m ica spacers (supplied with 
the unit) m ust be inserted betw een the 
transisto r and chassis. In  o rder to  reduce 
the possibility o f the m ica being accidentally 
punctured, the transisto r m ounting  holes in 
the chassis should be carefully  deburred. 
C om ponent layout is not critical, although 
care should be taken  to  ensure th a t the 
chassis is large  enough to  provide an effi­
cient h eat sink fo r the ou tpu t transistors. 
Please n o te  th a t the O C74 driver transis­
tors should also be clam ped to the chassis 
with the  clips provided.

A standard  carbon  m icrophone is suitable 
fo r use w ith this m o du la to r and although 
no t shown in the  circuit d iagram  should be 
connected so that the  “press-to-talk” button 
provides pow er to  the m odu la to r only when 
in the  “o n ” position.

TESTING
T he m easured perfo rm ance  of the  p ro to ­

type m o du la to r is listed in the  table below.

M EASURED PERFORM ANCE OF 
PROTOTYPE M ODULATO R

M axim um  pow er ou tpu t
a t onset o f clipping ... =  15.6 W  

Pow er frequency response 
a t 10 W. (150 c /s  -  18
k /cs ) ................................  =  ± 3  dB

T o ta l harm onic  distortion
at 1000 c /s  and 10 W =  <0.85%

T o ta l harm onic  distortion
at 1000 c /s  and 15 W  =  <1.25%

T ota l cu rren t dra in  a t 15
W (sine wave) .............  =  2.1 A

T ota l cu rren t drain  at 15 
W  (A verage speech,
p e a k s ) ................................  — 0.6 A  approx.

Pow er efficiency .............  — 60% approx.
T otal quiescent curren t at

25° C ................................  =  60 m A
Stability F ac to r 25 -

55 'C  ................................  — 6 approx.

I t  should be  no ted  th a t the  O C26 output 
transisto rs em ployed have a fa e  o f 4.5 
k /cs . T h e  phase shift and drop  in o' gives 
rise  to  a  decline in transis to r efficiency 
w hich causes an  elevation o f junction  tem ­
perature. T o help stabilise this runaw ay 
condition a t the h igher frequencies a base 
leak  o f 1.2  kf2 has been used w ith the 
O C 26’s. N evertheless, when checking foi 
m axim um  pow er ou tpu t a t frequencies above 
1 k /c s  a  cu rren t m eter should be inserted 
in series with the supply fo r visual indica­
tion o f runaw ay, and drive pow er only 
applied fo r a  b rief period.

T h ere  is no t sufficient sustained high 
frequency pow er in n o rm al speech to preci­
pitate this form  of instability  and hence 
the  perform ance of th e  m odulator does not 
suffer as the pow er level in speech (even 
fem ale) declines rapid ly  as the  frequency 
increases above som e 800 c /s . Sim ilarly 
the  response o f the carbon  m icrophone falls 
rap id ly  above 2.5 k /c s . N evertheless, as 
an added precau tion  when testing the 
m o du la to r an 0.47/uF condenser in parallel 
w ith the 50^ source im pedance audio 
generato r is recom m ended to synthesise the 
high frequency roll-off o f  the m icrophone.

A fter construction the  un it should be 
tested fo r p roper operation  by connecting 
a dum m y load to  the  ou tpu t o f the m odula­
tion tran sfo rm er and checking the current 
varia tion  w hilst speaking into the m icro­
phone. D o  not, under any circum stances, 
try  to  operate  the  un it w ithout a load  as 
this m ay dam age the  ou tpu t transistors. 
A m odulation  percentage test m ay be m ade 
when the  m odu la to r has been connected 
to  th e  transm itter. It is desirable to use 
an oscilloscope fo r this purpose in order 
to  achieve the  optim um  setting fo r the 
pre-set volum e control.

J. R. G O L D T H O R P

00 26 GERMANIUM TRANSISTOR

A ll dim ensions in m m  

ABSO LU TE M A X IM U M  R A T IN G S 

Collector
—V cb ................................. =  m ax. 32V
- V cem ...................................... =  m ax. 32V

- V ce .....................................  =  m ax. 16V
Current

- Ic  ........................................ =  m ax. 3.5A
P o ........................................ =  m ax. 12.5W

Emitter
—V KH ................................  =  m ax. 10V
Tj continuous operation  =  m ax. 90°C  

T E M P E R A T U R E  
T em pera tu re  rise from  the m ounting  base 

of the transis to r to  the junction 
K  =  1 .0 °C /W  =  m ax. 1 .2°C /W

00 7 4  GERMANIUM TRANSISTOR

All dim ensions in mm 

A B SO LU TE M A X IM U M  R A T IN G S 

Collector
—VcBM .............................. — 20 V
-V™  ....................... =  20 V

—V O EM  .............................. =  20 V
- V c e  ................................  =  20 V

Current
—Iqm ................
- I c

P c  ( a t  25°  C a m b )

Emitter
—Vebjc ..............

. - V kb ...................
I e m  ..........................

I e  ..........................

300mA
300mA
550mW

6 V  
6 V 
310mA 
310mA
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MULLARD INDUSTRIAL VALVES FOR RADIO FREQI
The dem and for oscillator valves for use as R .F. gen­

erators in industrial heating and electromedical diathermy 
applications is increasing rapidly. Transm itting valves 
have been widely used for this purpose for some years. 
M ore recently, several new valves have been developed 
specifically for industrial service rather than for normal 
transm itting and communications requirements. This new 
conception of design permits an increased degree of over­
load to  be sustained in certain directions; and it allows the 
valve characteristics to be so arranged that the R .F . out­
put maintains a more constant level with changes of load 
impedance. Reliability and long life under rigorous indus­
trial conditions have been regarded as m ajor design con­
siderations in these new valves.

The present M ullard range of triodes, tetrodes and

magnetrons for the various types of R .F. heating are given 
in the Table.

Full data sheets for all types, and for the M ullard 
Thyratrons and mercury and xenon rectifiers which are 
required in the associated power supplies may be had 
on application.

Technical advice on valves for R .F. heating circuits at 
all power levels is freely available from  the M ullard 
Industrial and Professional Valve D epartm ent.

The power quoted here is the maximum valve output 
available in industrial equipment with continuous class C 
operation at frequencies up to the junction of the solid 
and shaded lines. The extent to which a valve may be 
used at higher frequencies with reduced ratings is shown 
by the shaded line.

Valve Output 
Power in 

Watts

Type
Number

ioaooo TYI2-50A

108.000 TYI2-50W

39,000 TYI2-20A

39,000 TYI2-20W

14,300 T Y8-I5A

14,300 TY8 -I5W

10,500 TYS5-3000

10,000 TY7-6000A

10,000 TY7-6000W

2,700 TY6-800

2,500 JN2-2.5A

2,500 JN2-2.5W

1,690 TY4-500

1,500 TY5-500

1,500 TYS4-500

1,440 TY4-350

1,100 QY4-400

1,000 QY4-250

845 T Y  3-250

510 TD2-400A

475 TD2-300A

375 QY3-I25

325 TY2-I25

200 JP2 0 2

195 Q V I-I50A

Frequency In Megacycles

10

100
40 60 80

SO 70 90

1000
400 600 800

500 700 900
2000 4000

3000 5000

■+i

Increased Ratings T h e  ratings shown here are for continuous operation. In  m any industria l applications 
where valves are operated  intermittently ratings m ay be considerably increased. Details are available on request.
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NCY HEATING AND ELECTROMEDICAL DIATHERMY
TETRODES AND TRIODES

r m i n T - l

Type N o.
U S A  / 

E IA  No.
C V
No. Description

C LA S S C  ’ C O N T IN U O U S  W A V E  O P E R A T IO N

Cathode

gm
(m A
/V)

L im iting  Values (M ax. Ratings) Typical Operating Conditions

Type
Vf or
v h
(V)

It o r 
lh 

(A )

Pa

(W )

V 3

(kV )

Ik

(m A )

V g 2

(V)

Freq .

(Mc/s)

Full Ratings Reduced Racings
Freq .

(Mc/s)
P o u t
(W )

Freq .
(Mc/s)

P  o u t 
(W )

Q V I-1 5 0 A 4 X 1 SOA 2519 Te tro d e  fo r U .H .F . therapy IH 6-0 2-6 12 150 1-25 250 300 500 165 195 500 140

Q Y3-125 6155 2130 ' Radiation cooled beam
' DH 5-0 6-5 2-2 125 3-0 300 400 200 120 375 200 225

Q Y4-250 6156 2131 -po w er te trod es fo r dia-X 
th e rm y  equipm ent. DH 5-0 14-1 4-0 250 4-0 420 600 120 75 1000 120 500

0 1 o o 4 -400A ___ G enera l purpose te trod e DH 5-0 14-1 4-0 400 4-0 420 600 110 75 1100 110 700
TY 2 -1 2 5 5866 1924 ' DH 6-3 5-4 2-8 135 2-5 250 -- 200 150 325 — —
TY 3 -2 5 0 5867 1350 DH 5-0 14 5-0 250 3-0 480 -- 150 100 845 150 350
T Y 4 -3 5 0 833A 635 R .F . po w er triodes for D H 10 10 4-0 400 4-0 600 ----- 75 20 1440 — —
T Y 4 -5 0 0 5868 1351 D H 10 9-9 4-5 450 4-0 650 ---- 120 100 1690 120 875
T Y S -5 0 0 general purpose indus­ DH 5-0 32-5 3-3 500 5-0 770 ___ 50 50 1500 — —

TY 6 -8 0 0 7092 tr ia l heating applica­ DH 6-3 32-5 5-1 800 6-0 1050 ----- 50 50 2700 — —
TY 7 -6 0 0 0 A 6961 tions.r  r f ' ham  j  ii\aP* DH 12-6 33 15 6000 7-0 2300 ----- 55 30 10000 50 6000
T Y 7 -6 0 0 0 W 6960 - Su ffix  A  and W  ■< DH 12-6 33 15 6000 7-0 2300 ----- 55 30 10000 50 6000
T Y 8 -1 S A to th e  type num ber DH 6-3 130 23 10000 8-0 5000 ---- 30 30 14300 — — ■

T Y 8 -1 5 W indicates “ forced a ir DH 6-3 130 23 15000 8-0 5000 ----- 30 30 14300 — —

T Y 1 2 -2 0 A coo led”  and “ w ate r DH 8-0 130 25 15000 13 6300 ---- 30 30 39000 — - —

T Y 1 2 -2 0 W _ coo led”  respective ly . DH 8-0 130 25 20000 13 6300 -- 30 30 39000 — —

T Y 1 2 -5 0 A 6078 DH 17-5 196 50 45000 15 15000 -- 30 15 108000 30 50000
T Y 1 2 -5 0 W 6077 _ DH 17-5 196 50 50000 15 15000 - 30 15 108000 30 50000
TY S4 -5 0 0 1889 ' [ R .F . po w er triodes ’ D H 10 10 6-0 500 4-0 750 -- 30 15 1500 18 1250
TY S5-3000 — — J w ith  silica envelopes I DH 20-5 26 15 3500 6-0 2800 20 12 10500 20 6300

DISC SEAL TRIODES

TD 2 -3 0 0 A 7004 —
Forced a ir cooled glass/m etal 

tr io d e  fo r U .H .F . therapy DH 3-4 19 20 300 2-0 520 — 470 175 425 470 385
Forced a ir  cooled ceram ic/

810 214TD 2 -4 0 0 A — — m etal trio d e  for U .H .F . 
therapy .

DH 3-4 19 10 400 2-0 520 900 470 405

MAGNETRONS

Type
N o .

U S A /  
E IA  N o.

C V
N o.

D escrip tion
C A T H O D E F R E Q U E N C Y

R A N G E
(M c/s)

T Y P IC A L  O P E R A T IO N  C .W .

Type V „ (s ta rt) 
( V )

V h (ru n ) 
( V )

In
(A )

V a
(kV )

la
(A )

P o u t
(k W )

JN 2-2-5A 7091 — Forced a ir  cooled, high pow er 
m icrow ave generato r fo r indus­
tr ia l processing and heating

1H 5-0 1-5 32 2425 to  2475 4-5 0-85 2-5

JN 2 -2 -5 W 7292 W a te r  cooled, high pow er m icro­
w ave generato r fo r in d ustria l 
processing and heating

1H 5-0 1-5 32 2425 to 2475 4*5 0-85 2-5

JP2-0-2 7090 Radiation cooled generato r fo r 
m icrow ave therapy

1H 5-3 4-5 3-3 2425 to  2475 1-6 0-2 0-2
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HIGH-SPEED DECIMAL STEPPING TUBES
OPERATING PRINCIPLE OF THE TROCHOTRON

Cold cathode stepping tubes have 
the advantages which are shared by 
all cold cathode devices— not the least 
being the absence of a heater, which 
means simpler supply arrangements 
and no tem perature problem. H ow ­
ever, any gas-filled device has a 
maximum frequency limit which, 
broadly speaking, is set by the deion­
isation time of the gas.

In a cold cathode stepping tube 
it is not possible to switch the glow 
discharge from  one output electrode to 
the next faster than a few thousand 
times per second. Thus, although the 
M ullard Z302C , Z303C , and Z502S 
are widely used in a great variety of 
applications where the maximum fre­
quency is a few k c /s , there are certain 
jobs where a still faster tube is neces­
sary. For example, in nucleonic scalers 
and in some decimal computers or 
electronic switching circuits, an oper­
ating speed of 1.0 M c/s  and above 
may be required, and the stepping 
tube must be able to handle successive 
input pulses which arrive almost 
simultaneously.

For such high speeds and good reso­
lution it is necessary to use a vacuum 
tube, in which the switched element 
is not a relatively sluggish glow dis­
charge but a highly mobile electron 
beam similar to the beam of a tele­
vision tube. The “trochotron” is a 
device of this kind.

Trochotron Principle
The cold-cathode technique of m ani­

pulating the breakdown voltages of a 
series of guides is obviously not pos­
sible in a vacuum tube. The trocho­
tron makes use of a quite different

principle which resembles that of a 
simple magnetron.

If a suitable electric field is set up 
between a cathode and an anode, any 
electron leaving the cathode will travel 
straight to the anode. If, however, a 
magnetic field is applied as well, at 
right-angles to the electric field, the 
electron can be forced into a helical 
or trochoidal path  somewhere between 
cathode and anode. If the relative 
strengths of the electric and magnetic

fields are suitably adjusted, no elec­
trons will reach the anode at all.

In a tube in which the cathode is 
surrounded by, say, ten anodes, per­
manent circulation of electrons in this 
way will go on so long as the electric 
field is uniform and the magnetic 
field is uniform. N o electrons will 
reach any anode. If, however, either 
the electric or magnetic field is de­
liberately distorted, the electrons can 
be directed to whichever anode one 
wishes. If some means is then pro­
vided for rapid transfer from anode 
to anode, a high-speed stepping tube 
has been achieved.

In a trochotron it is simplest to use 
a perm anent magnet to  provide the 
magnetic field; and since the magnet 
could not very well be moved physic­
ally at the high speeds envisaged, the 
magnetic field is fixed in strength and 
direction. The required “distortion” 
must therefore be introduced in the 
electric field.

The electric field is set up by volt­

ages applied to the anodes (targets) 
and the spades. In the circuit diagram 
the targets are the electrodes connected 
through 3 .3kn  to the h.t. line, and 
the spades are the U-shaped elec­
trodes. To the right of each spade is 
a grid, indicated by an open circle or 
black dot, which is used for switching 
from target to  target (a process which 
will be outlined later). In the M ullard 
ET51 there are ten of these target- 
spade-grid systems arranged in a circle

round the cathode. The whole tube 
is cemented inside a cylindrical per­
manent magnet.

Starting

Now, with say 100V applied to all 
the targets and spades, the electric 
field is uniform, and no current will 
flow. But if the “set zero” switch is 
m om entarily closed, spade “0” will fall 
to cathode potential. The field will 
therefore be distorted in the “0 ” re­
gion, and electrons will be able to 
reach the “0 ” target. W hen the “set 
zero” switch is then opened, a small 
part of the current will flow to the “0 ” 
spade and through its lOOkn resistor, 
so that this spade will be held down 
near cathode potential, the distortion 
will be maintained, and the electron 
beam will be effectively “locked” on 
the “0 ” target.

All the ten output systems in a 
trochotron are precisely the same, 
therefore the “set zero” circuit could be 
connected to any spade. However, it 
is usual to start at the “0 ” position.
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Resetting
A t the end of a count, the electron 

beam may of course be resting on any 
target, say “5” . To get it to the “0 ” 
position for the start of another count 
the tube is first put into the “clear” 
state by m om entarily opening the 
switch in the spade supply, thus re­
storing the uniformity of the electric 
field and setting up once m ore the 
circulatory electron path. Operation 
of the “set zero” switch then initiates 
conduction to target “0 ” , as already 
described.

Switching
Some means now has to be in tro­

duced to transfer the electron beam 
from  one target to  the next. This is 
done by moving the distortion of the 
electric field onward one position. The 
action is provided by the grid.

If the beam  is on target “0” , and is 
therefore locked there by the voltage 
drop in the spade “0 ” resistor, the dis­
tortion of the electric field can be ex­
tended to  the right by applying a nega­
tive voltage to  grid “0” (which is the 
open circle in the circuit diagram). 
This local distortion starts conduction 
to spade “ 1” . The spade characteristic 
is such tha t the spade “ 1” current rises 
rapidly and spade “0” ceases to  con­
duct. The electron beam has there­
fore been transferred to target “ 1” 
and locked there by spade “ 1” .

If all the grids were connected to ­
gether the beam  would obviously be 
transferred immediately to  spade “2 ” 
and target “2 ” . To prevent this hap­
pening, the “even” grids and “odd” 
grids are separately connected. To one 
set is applied the negative switching 
voltage (-45V ), and to  the other set 
a positive voltage (+30V) which blocks 
unwanted transfer of the beam.

Drive
The incoming pulses which are to 

be counted are used to trigger a bistable 
gate circuit (not shown in the diagram) 
which feeds negative pulses alternately 
to the two sets of grids. Thus the first 
incoming pulse will m ake the “even” 
grids (including grid “0 ”) negative; the 
beam will switch to  position “ 1” , but 
will be stopped from further move­
ment by the positive voltage on the 
“odd” grid “ 1” . The second incoming 
pulse will reverse this state of affairs, 
making grid “ 1” negative— thus step­
ping the beam to position “2” , but 
making grid “2 ” positive— thus block­
ing transfer to  position “ 3” .

The incoming pulses may come in 
only at long intervals; but the bistable 
trigger circuit will of course stay in 
its last position however long the in­
terval, and the beam  will not be moved 
again until the next pulse arrives. On 
the other hand, pulses may come in 
rapidly— say at a repetition rate of 
1.0 M e /s— and the negative pulses 
from  the trigger circuit will then be of 
short duration.

Unlike the cold cathode stepping 
tube, the trochotron will circulate in 
only one direction, which is determined 
by the direction of the magnetic field 
and by the design of the electrode 
system.

Output
W hen the electron beam is locked 

on a particular target by means of the 
voltage drop in the spade resistor, most 
of the output current flows to the 
target and through its series resistor. 
The target characteristic is of pentode 
type, and the tube must be operated 
“above the knee” to  obtain a substan­
tially constant output of 5.5m A. This 
current (which com pares favourably 
with the 400[.iA or so of a cold cathode 
stepping tube) can be used to operate 
a direct read-out digital indicator; it 
can provide some required action after 
a predeterm ined num ber of input 
pulses has occurred (that is, it can 
perform  “selector” functions); or it 
can drive a further trochotron in a 
units, tens, hundreds . . . system by 
means of a simple bistable coupling 
circuit.

There is no visible indication of the 
position of the electron beam. If this 
is required, then the E T 5 1 can be con­
nected directly to a Z 503M  or Z510M  
without valve coupling circuits.

Performance
In  the above description the need 

for uniformity of the electric and mag­
netic fields has been stressed. If the 
magnetic field is distorted by stray 
fields, by nearby magnetic materials, 
or by another trochotron mounted 
within say four inches, then the tube 
will not work reliably. Also, the mag­
net should not be knocked, and it 
must not be touched by steel tools.

Close tolerance resistors (1% ) 
should be used in the spade circuit, 
and they should be m ounted directly 
on the tube socket, because any stray 
capacitances would slow down the 
switching action. The supply voltage 
for the spades must be within the

absolute limits 90 to  110V.

If these precautions are observed, 
the ET51 will w ork reliably and ac­
curately at switching speeds up to  at 
least l.O M c/s. The chief uses of the 
tube are in nucleonic scalers, decimal 
computing equipm ent, and electronic 
switching circuits. In these applications 
one ET51, with its comparatively 
simple circuitry, can take the place of 
a num ber of conventional valves or 
transistors and their associated com ­
ponents.

ET51
ABRIDGED D ATA

HEATER
Vh 6.3 V
Ih 300 mA

O PERATING  CO NDITIO NS
T arge t supply voltage O 0 1 + 10% V
T arget load resistor 3.3 kfi
T arget output current

(each target) 5.5 mA
Spade supply voltage 100  ± 10% V
Spade curren t 1.0 mA
Spade load resistor 100  ± 1% kfi
G rid  bias voltage +  25 V

* M inim um  grid input pulse
am plitude -6 0 V

G rid  current (approxi­
m ate) 50 M A

C athode current 6.5 mA
*The grid input capacity  o f each group  of 
grids is approxim ately  lOpF.

B 2 6 A  B A SE

Pin N o. Connection Pin No. Connection
1 Spade O 14 Spade 2
2 T arget 9 15 T arge t 1
3 T arget 8 16 G rid  “even”
4 G rid  “odd” 17 T arget O
5 T arget 7 19 Spade 9
6 Spade 7 20 Spade 8
7 T arget 6 21 H eater
8 T arget 5 22 Spade 6

. 9 Spade 5 23 Spade 4
10 Target 4 24 Spade 3
11 i .e . 25 H eater
12 T arget 3 26 Spade 1
13 T arget 2 27 C athode

All dimensions in mm.
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DESIGN OF LAMINATED CIRCUITS
FOR INDUSTRIAL R.F. GENERATORS

W ith  conventionally designed tank circuits the combination of high output w ith  low loss 
involves very high cost. T h e  laminated circuit described here offers a good compromise 
betw een efficiency and cost. M anufacturing costs for quantity  production are low enough 
to offset the extra cost o f the  separate screening necessary. T h e  physical size o f the  circuit 
is such that it can be incorporated in  existing equipm ent.
I t  is envisaged that, w ith  standardisation to a few  preferred sizes o f lamina, a manufacturer 
w ill be able to assemble tank circuits covering a w ide range o f supply voltage, operational 
frequency and loaded-Q.

An industrial r.f. generator is often  sub­
jected to a load incorporating  a reactive com ­
ponent, the  m agnitude o f which can vary 
considerably during operation . This varying 
reactance will be, a t least partially , reflected 
in to  the  tank  circuit and could cause fre ­
quency d rift o f  the  oscillator outside the 
desired limits.

A lthough this d rift canno t be_ com pletely 
elim inated, it can be kept w ithin p red eter­
m ined lim its if the capacitance o f th e  tank  
circuit is m ade sufficiently large, so th a t the 
effect o f the reflected reactance is sm all 
com pared with the reactance presented by 
the tan k  capacitance. A  large tank-circuit 
capacitance implies large circulating curren ts 
and the resistance of the  circuit m ust be very 
sm all to  avoid w astage of power. T he ideal 
circuit could be very costly.

The circuit described in this article is an 
attem pt to  achieve good transfer efficiency 
in a construction w hich is suitable fo r mass 
production  and hence relatively inexpensive. 
CIRCUIT CO NSIDERATIONS

Past experim ents suggest that, w ith norm al 
working voltages, loaded-Q  values should 
be o f the o rder o f 100 to 400, if  the stability 
conditions for various frequency bands are 
to be satisfied. W ith these high values, 
circuit design and construction becom e in ­
creasingly difficult.

If  a set o f valve conditions gives an r.m .s. 
value for the fundam ental com ponent I,, 
the circulating curren t set up in the  tank  
circuit,

I c  =  Q 1. . I 1 
The pow er loss in th e  circuit,

P c  = I c 2 . R «

where R« is the to ta l surface resistance o f 
the tank  circuit. I f  R* is too  high, an  
uneconom ically large share o f the to ta l avail­
able ou tpu t pow er will be dissipated w ithin 
the tank  circuit. In  m any conventional 
layouts m ost o f the surface resistance arises 
from  the inevitable jo in ts betw een the tank 
capacitor and tan k  inductance.

It was thought necessary to aim  at a 
solution giving an in tegral L  and C  with 
a m inim um  o f jo in ts o r sharp  corners at 
right angles to  the  curren t flow, bu t to 
depart from  the coaxial and cavity types of 
construction  w hich are  expensive. 
L AM IN ATED CIRCUIT  
Construction

A  circuit was evolved having, as building 
elem ents, rectangular plates or lam inae, 
each o f which represents a m ultiple o f the 
inductive path  as well as a  p roportionate  
fraction  o f the tank  capacity. F rom  Figs. 
1 and 2 it can be seen that if these lam inae 
are stacked with the desired dielectric spac­
ing so that their outlines and c ircular cut-

T h is  article is based on a report by F. 
D i t t r i c h  of the M ullard Applications Re­
search Laboratory. British Patent Application  
(1 5 7 1 1 /5 9 )  has been made covering the con­
struction described.

X : 2 d * d ia m  of stab ilis in g  s p a c e rs  

(a lt  d im e n s io n s  in  cm )

F I G .  1
outs m atch bu t th e  slots (equal in w idth to 
the p late spacing, d) lie on a lte rna te  sides 
of the stack, a m ulti-p late capacito r shunted 
by a single-turn inductance is form ed. The 
tank  capacitance increases and  the  induc­
tance decreases w ith increasing num ber o f 
plates, therefo re  the  frequency is little 
changed and Q L rises. A dditional inductive 
paths in paralle l are autom atically  provided 
fo r the increased circulating  currents.

T o reduce still fu rth er the surface re ­
sistance, the  inside edges (which are the 
areas o f highest cu rren t density) o f the  in ­
ductive cut-outs should be bevelled and 
finished as sm oothly as possible.

A ll parts o f the lam inated  circuit except 
the areas F /la m  (Fig. 1) are unipotential 
and m ay therefo re  be clam ped together with 
m etal spacers and bolts, thus obviating the 
use o f expensive insulating m aterials. I f  
the  thickness o f  the dielectric is sm all o r the 
capacitive a rea  F / la m  large, additional stab­
ilising spacers and som e insulators m ight be 
required  a t the  capacitive end o f the  stack 
to provide the necessary m echanical rigidity 
(Fig. 2b).

T he bolts clam ping the  stabilising spacers 
and insulators can also be used to  connect 
the valve in to  the circuit, as well as to  carry  
two adjustable flaps fo r final frequency 
trim m ing (Fig. 2a  and  Fig. 7).
Size of the Circuit

The physical size o f a lam inated  circuit 
is determ ined by fo, the  operating  frequency, 
the C /L  ra tio  (Q l) and the proposed w ork­
ing voltage. T he graphs in Figs. 3, 4 and 
5 were calculated  and checked by m easure-

Anode connection S tab ilis in g  
su la to r  p t f e

m ents w ith stacks o f experim ental lam inae 
o f various dim ensions, and it is found  (Fig. 
3) th a t calculated  capacitance graphs are 
linear and come very close to  th e  m easured 
check points. T his confirm s th a t stray effects 
are sm all and th e  paralle l p late  capacitor 
fo rm ula  can be applied to  this configuration. 
Fig. 3 also includes the re la tion  o f fre ­
quency to a  varying num ber o f plates fo r 
a given size o f F / la m  and p la te  spacing. 
T he frequency scale given is m ade linear to 
show m ore clearly  th a t w ith a large enough 
num ber o f plates, say m ore th an  ten, the 
varia tion  o f f„ becom es sm all. T hus the 
value of fo m ight still rem ain  w ithin the  
acceptable range o f design to lerance even 
when the num ber o f plates is varied  slight­
ly. A no ther set o f curves (Fig. 4) shows 
the change of inductance fo r a  set o f plates 
with varied spacing. I t  is also show n that 
with a sufficiently large num ber o f plates, 
the resulting  change of inductance is small 
when the  p late spacing is varied. This set 
o f curves is also useful if  a  circuit o f m ini­
m um  inductance is required . Because the 
inductance is also a function  o f the  p late 
spacing when the num ber o f plates is sm all, 
this design facility  is only applicable where 
dielectric spacing is a secondary con­
sideration.

A  th ird  set o f curves (Fig. 5) shows the 
required  inductive cut-out d iam eter D  for a 
given inductance w ith th e  num ber o f plates 
and the  spacing (d) as param eters.

Assessm ent o f all these curves shows that 
the  lam inated  circuits will be m ost practical 
in the region 10 to  lOOM c/s, and  w ith d.c. 
supplies to  the anode o f the  valve between 
500 and 5000V. T he overall physical size 
will be acceptable even at very h igh C /L  
values.
DESIG N EXAM PLE  
Specification

T he design requ ired  is an oscillator unit, 
suitable fo r diatherm y, w orking a t the  re­
com m ended frequency (2 7 .12M c/s±0 .6% ). 
and capable o f delivering m ore th an  200W  
into  a  m atched  load. T he anode supply is 
to be 1.2kV d.c. A F a rad ay  screen should 
be included betw een the tan k  and the coup­
ling coil, to  m inim ise harm onic  power 
transfer.
Valve Conditions

The TY 3-250 triode valve appears suit­
able fo r the experim ent. W ith the anode 
supply a t 1 .2 kV, consideration  o f cathode 
curren t w ill lim it the obtainab le  ou tpu t. The 
calculated conditions are

V„ =  1.2kV = 5 3 %
I a — 375m A p  = 2 3 7 W

Pl" = S  £  =  90™Ap a _  144W  Rc = i . 6 kfi
v  —  6 8 % P(lrlve — 27W  
P o u t  =  3 0 6 W

T he instantaneous values will then be 
V a (p k ) =  950V and v m„, =

V ,— v . (pk) =  250V.
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D=5 cm F/lam = 60 cm 2 D=7-5cm F / la m = 5 7 cr

Number of p la te s

Tank Circuit Constants
As Qi. =  (V(r.m.s.))2/X l-Pout) and since 

at resonance Xi, =  X 0, fo r a  tentative 
Q l o f 150 the reactance m ust be 

(Vr.m . , . ) 2 6752
X c =  --------------  =  ------------------ =  9.950

Ql.Pout 150 X 306 
Hence, fo r a  frequency of 27 .12M c/s 

C  =  580pF  and L  =  0.059mH.
The circulating curren t will then  be 

I c  -----  Q L - I r . m . s .

and with
P„„t 306

I r . m . s , =  ----------  =  -------  =  0.454A,
Vr.m.,. 675

Ic =  150 X 0.454 =  6 8 A.

Dimensions of the Tank Circuit
T he m ateria l fo r the lam inations should 

be non-ferrous m etal a t least 16 s.w.g. 
(1.5m m ) thick, fo r good m echanical stability. 
A lum inium  was used because of its good 
conductivity b u t low density. W ith this 
gauge o f m etal a  c irculating curren t o f up 
to  5A per lam ina  is allow able. I f  in this 
exam ple 2 0  lam inae are used, the  c ircu la t­
ing curren t will be 3.4A per lam ina, which 
is safe.

F o r  a peak  to  peak  voltage o f 1.9kV, a 
dielectric spacing (d) o f 4m m  betw een 1am-

D=10cm F / la m = 5 0 c m

FIG. 3A Number of p lates

inae and fo r the slot w ill be sufficient. The 
nearest curves show n (Fig. 5) a re  fo r d 
equals 3.8m m , bu t by reference to th e  5m m  
curves and ex trapo lation  to  2 0  p lates a suffi­
ciently accurate  value fo r D  m ay be ob ­
tained, especially as fo r a  large num ber 
o f plates (m ore than  10) any e rro r will be 
sm all. T hus D  ■— 10cm.

If  the  cut-out is to be situated 1.25cm 
from  three  sides o f the lam ina, the short 
sides (B) o f the rectangular plates will m ea­
sure 12.5cm.

T he to ta l requ ired  capacitive area  
F  =  C  X  4ird 

w here F  is in cm 2, and C  and d are in cm.
D im ensionally  capacitance can be ex­

pressed as length. If  one p icofarad  equals 
0.9 cm , 580pF equal 522 cm  and 

F  =  522 X 12.5 X 0.4 
=  2610cm 2.

W ith 20 lam inations there will be 19 di­
electric elem ents, the capacitive area per 
lam ina

2610
F /la m  =  ------ - =  137cm 2.

19

T he slot paralle l to the length of the 
stack should be as wide as the dielectric 
spacing. T he length of side G  of the  area 
F /la m  is given by

G  =  D — 2d =  9.2cm .

D=12*5cm F/lam=74cm

FIG. 4
Side E  of F / la m  should then  be 

137
E = ------- =  15cm.

9.2
Because the a rea  o f the  sem icircular cut-out, 
c learing the stabilising spacers, m ust be 
sub tracted  from  F /la m , side E  m ust be 
lengthened to  com pensate fo r this loss o f 
3.8cm 2. This loss is a lready partly  m ade 
good by the surfaces bounding the slot; 
these have an a rea  o f 2 .2 cm 2 so th a t the 
rem aining area o f 1 .6 cm 2 can be recovered 
by slightly lengthening E.

Thus the overall dim ensions o f one lam ina 
are

A =  26.2cm  B =  12.5cm.
If additional adjustable flaps are used (see 

Fig. 2), these can be m ade large enough to  
recover the 1.6cm2 re fe rred  to  above. The 
m ain dim ensions m ay then be simplified 
to, say, A  =  26cm  B =  12.5cm.

Number of plates FIG. 3B Number of plates

FIG. 5
A  few  enlarged and detailed copies o f Fig. 

5 are available on application.

(To be continued)
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SIMPLE VALVE MEASUREMENTS
T his article is the fourth of a series now being published in Outlook dealing 
with experiments for the examination of the properties and behaviour of thermionic 
valves. These experiments include measurements from which the characteristic 
curves of various types of valves may be plotted.

M utual Conductance
T he influence o f the  contro l grid voltage 

on the  anode cu rren t is m easured by the 
change in anode cu rren t resulting from  a 
sm all change in grid  voltage, the anode 
voltage remaining constant.

F ro m  the curves reproduced  in Fig. 8 , 
it is seen th a t w ith an anode voltage of 
200 volts and a  grid  voltage o f - 4  volts 
the  anode cu rren t is 5 .0m A  (Point A) and 
th a t if  th e  grid voltage is reduced to  - 2  
volts (Va rem aining a t 200 volts) the anode 
cu rren t increases to  12.0mA (Point C). 
Thus, a 2-volt change in V . results in a 
7.0 m A  change in I».

change in anode current
T he r a t io ------------------------------------ = --------  is

change in grid voltage 
term ed  the  m utual conductance  o f the  valve. 
I t  is denoted  by the sym bol gra and is 
usually  expressed in m illi-am peres pe r volt. 
In the  exam ple

(12— 5) m A  7 m A
gm = ------------------= ----------  ‘ 3.5 m A /V

(4— 2) V 2V 
the m utual conductance is num erically  
equal to  the  slope o f the I,,/V g curve at 
the  operating  point, i.e., to tan  ©  in Fig. 
8.

T he m utual conductance, like the  in ternal 
resistance, is no t constant, but owing to  the 
curvature  o f the valve characteristic, 
changes w ith the  operating  conditions.

Amplification Factor
R eferring  once m ore to Fig. 8 it has 

been seen that, a t V a =  200, a change of 
V g from  - 4  volts to  - 2  volts produces a 
change in anode cu rren t from  5.0m A  (Point 
A) to  12.0mA (Point C). The sam e change 
in anode cu rren t could have been obtained 
by keeping V g constan t a t - 4  volts and 
increasing V , to  270 volts (Point D).

Thus, a  change of 70 volts in anode 
voltage has the  sam e effect upon the  anode 
cu rren t as a  change o f 2  volts in grid 
voltage.

T he ra tio
change of V a

change of V s w hich w ould produce the 
sam e change of I„ 

is term ed  the  amplification factor o f the 
valve, and  is represented  by the sym bol t*.

In the exam ple,
270 V— 200 V 70 V

n — ---------------------  = ------- =  35
4 V— 2 V 2 V

T h e  am plification facto r represents the 
m axim um  theoretical voltage gain ob tain ­
able from  th e  valve but, as will be shown 
later, this theoretical m axim um  can never 
be achieved in practice.

L ike the in ternal resistance and m utual 
conductance, the  am plification facto r varies 
w ith the  operating  conditions. F o r  this 
reason, w hen quoting values fo r these 
quantities in published valve data, th e  con­
ditions un d er w hich they are  m easured  are 
alw ays specified.

Static and Dynam ic Characteristics
W hen m aking the m easurem ents from  

which the  published characteristics o f a 
valve a re  p lo tted , only one quan tity  is 
varied. F o r  the I» /V B curves th e  grid 
voltage is varied and th e  anode voltage is 
held  constant; and fo r the  Ia/V a curves the 
anode voltage is varied and the grid voltage 
is held constant.

C urves obtained from  such m easurem ents 
are  term ed  static characteristics.

In  p ractical applications, how ever, condi­
tions differ from  those in the  laboratory  
w here accu rate  adjustm ents can be m ade 
before  taking each reading.

-V? ( v ) - 8  — 6 — 4 - 2  O IOO 2 0 0  3 0 0  4 0 0  V„ ( V )
Fig. 8 —Io/Va and I a/ V „ characteristics o f a typical triode, showing the m ethod of 
calculating the internal resistance, m utual conductance and amplification factor.
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EXPERIMENTERS 

COLUMN

This simple two-stage R-C  oscil­
lator will provide an audio output of 
reasonable waveform at a frequency 
of approxim ately 2 .5kc/s. Tem pera­
ture stability is good and supply 
voltages from —3V to —9V  can be used, 
providing RV 3 is suitably adjusted. 
This control provides a convenient 
means of adjusting the circuit for 
optimum perform ance and com pen­
sates for changes of ambient tem pera­
ture. The audio output may be taken 
from R7 or R8.

The frequency determining com ­
ponents form a Wien bridge network 
consisting of C3, R9, C2 and RIO. 
This configuration has been chosen 
because it produces zero phase shift 
at the frequency of oscillation fose 
whilst the attenuation of three times 
com pares favourably with that of other 
arrangements. The phase shift across 
the two transistors is of the order of 
360° and may be neglected. Oscilla­
tion therefore occurs at the frequency 
at which the network gives zero phase 
shift.
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