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VIEWPOINT WITH MULLARD
INSTITUTE OF PHYSICS 

EXHIBITION —  ADELAIDE

An exhibition of scientific equip­
ment was arranged by the Institute 
of Physics at the Adelaide University 
from the 19th to the 22nd of August 
to coincide with the A.N.Z.A.A.S. 
Conference.

The Milliard display, pictured above, 
included electronic test instruments, 
electro-chemical apparatus, ultrasonic 
equipment, as well as a selection of 
the more specialised valves, electron 
tubes and semiconductors. Also fea- 

r tured were a number of recently 
developed ferrite components and 
microwave devices, some of which 
were laboratory samples not yet in 
production.

In the field of ultrasonics the well 
known Mullard soldering equipment 
for aluminium work was demonstrated 
and the 60W. ultrasonic drill for 
machining tungsten carbide, ceramics, 
glass and gems was in operation.

A new 50W. ultrasonic cleaning 
bath for jewellery, ball races, small 
intricate mechanisms, etc., created con­
siderable interest at its first public 
appearance in Australia. The selection 
of electronic equipment displayed in­
cluded a Transistor Stabilised Power 
Supply, Transistor Tester, Dual Trace 
Oscilloscope, Television Line Selector, 
Valve Voltmeters, High and Low 
Pass Audio Filters, Temperature Con­
troller, Magnetic Matrix Stacks for 
Computers and microwave devices. 
The highly-sensitive ORP 90 photo- 
conductive cell was also shown in one 
of its many applications operating an 
automatic headlamp dipper.

The widely varied applications of 
the equipment displayed are indicative 
of the nature of the electronic products 
available for research and industry 
from the comprehensive Mullard range.

MULLARD SOUND FILM SERVICE
(16 mm.)

“Discharge Through Gases”— Effects produced by electron flow as 
pressure is reduced in glass tube— animated depiction of ion and 
electron movement under different conditions .................................... 11 mins.

“Industrial Application of Ultrasonics”— Introduction details experi­
mental effects —  demonstration of tinning, soldering, drilling, 
cleaning, etc.....................................................................................................  21 mins.

“The Junction Transistor in Radio Receivers”
(Part 1. “The Design of I.F. Amplifier”) 15 mins.
(Part 2. “The Complete Receiver”) 10 mins.

Follow-on from simplified circuit which ends “The Transistor— its 
Principles and Equivalent Circuit” and deals with special circuitry 
required in transistor I.F. amplifiers and complete receivers.

“Made for Life”— Planning and production of television picture
tubes step by step ....................................................................................... 34 mins.

“Manufacture of Radio Valves”— Tour through factory showing
stages of manufacture ................................................................................ 22 mins

“Mirror in the Sky”— Story of research and development of radio 
wave propagation with particular emphasis on effects produced in 
and by the ionosphere ................................................................................ 22 mins.

“Particles Count”— The size and distribution of microscopic particles 
is important in many industries— the problem of rapidly sizing and 
counting these particles is overcome by the specialised Film Scanning 
Particle Analyser described in the film .................................................. 15 mins.

“Principles of the Transistor”— Intended as an aid to teaching, the 
film reviews early use of crystals and subsequent replacement by 
thermionic valves. The larger portion of the film describes the 
working principles of the germanium diode and the transistor and 
summarises with details of application and advantages of these 
devices ............................................................................................................. 20 mins.

“Principles of Ultrasonics”— Introduction explains sound and ultra­
sound— demonstration of production and detection of presence of 
waves— effects in liquids, i.e. emulsifying, etc.— some experimental 
and industrial applications ......................................................................... 15 mins.

“Special Quality Valves”—Various developmental stages showing 
problems to be overcome, service, conditions, design approach and 
final production .............................................................................................  25 mins.

“The Transistor— Its Principles and Equivalent Circuit”— Gives 
detailed explanation of the complex physics involved in the workings 
of the junction transistor. The subject is clarified by colour, 
animation and commentary ......................................................................  20 mins.

These films are available on loan to educational groups, etc. 
Applications should be made as follows:—

Title of F ilm ...........................................................................................
Date Required..........................................................................................
Name of Organisation...........................................................................
A ddress.....................................................................................................
S igned........................................................................................................
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NEW TW O-VALVE PRE-AMPLIFIER
V '

Details are given o f  the circuit fo r  a two-valve pre-amplifier which will 
accommodate a variety o f  inputs. The performance o f  the circuit is 
discussed when magnetic and crystal pick-ups, tape recorder playback 
heads, and microphone and radio inputs are used.

T he pre-am plifier is intended for use with equipm ent 
built to  either the M ullard 5-valve, 10-watt am plifier 
circuit or the M ullard  20-watt circuit. Facilities are 
provided fo r m agnetic and crystal pick-ups, tape 
recorder playback heads and m icrophone and radio 
inputs. A n auxiliary socket for any input source 
convenient to  the user is also provided in the circuit.

Equalisation for disc recordings conform s to  the 
latest R .I.A .A . characteristics which have been 
adop ted  by m ost o f the m ajor recording com panies. 
T he tape playback characteristic is intended for 
replaying pre-recorded tapes at a speed o f 1 \  inches 
per second.

Low-im pedance tone controls which cover a wide 
range o f frequency are used in the amplifier. These 
should provide sufficient contro l for m ost applications.

CIRCUIT DESCRIPTION
The pre-am plifier is m ade up o f two stages each o f 
which uses a M ullard  high-gain pentode, type EF86. 
All the equalisation takes place in the first stage, and 
is achieved by m eans o f frequency-selective feedback 
between the anode and grid of the first EF86. There is

This article is based on a report prepared by C. Hardcastle o f  the 
Mid lard Applications Research Laboratory.

. + 3 2 0 V

Po s it ion  of Si f o r e q u a l i s a t i o n
A  - A u x i l i a r y D = M ic r o p h o n e
B  = R a d i  o E =  L o n g  play
C = T ape F =  7 8  r pi m.

H ig h  S t a b i l i t y  R e s i s t o r s

FIG. 1— CIR C U IT  DIAGRAM OF PRE-AMPLIFIER

E F 8 6
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no feedback in the second stage, and the output from 
the second EF86 is taken directly to a passive tone- 
contro l network.
This arrangem ent was chosen so that the grid-circuit 
im pedance o f the first stage should be low. A low 
im pedance at this grid lessens hum  pick-up and 
reduces the effect o f plugging-in external low- 
im pedance circuits. F urtherm ore, the arrangem ent 
also results in low gain in the first stage. Hence, 
M iller effect between the anode and grid o f tjie first 
EF86, which can be troublesom e when high values 
o f resistance are used in series w ith the grid, is reduced.

Series resistors are used in the input channels so that 
the sensitivity and im pedance o f any channel can be 
adjusted accurately. The com ponent values given in 
Fig. 1 are intended for sources encountered most 
frequently, but the sensitivity and impedance* o f each 
channel can be altered by changing the value of 
appropriate  series resistor.

The sensitivity o f the pre-am plifier can be altered for 
all the inpu t channels by varying the ou tpu t from  the 
second EF86. This is achieved by altering the ratio  of 
the resistors R21 and R22. (The sum o f these two 
resistors should be m aintained at 10(M2). The values 
o f  18kl2 and 82kO shown in Fig. 1 are appropriate  
for use with the 10W amplifier. W ith the 20W am pli­
fier, the full ou tpu t is taken directly from  the anode 
o f the EF86.
The sm oothing com ponents R32 and C l 7 shown in 
the h.t. line in Fig. 1 should be included in the main 
amplifier ra ther than  in this pre-amplifier. The h.t. 
curren t draw n by the pre-amplifier is 3mA a t 300V.

PERFORM ANCE
The values for hum  and noise in the pre-am plifier 
which are quoted for each input channel have been 
m easured with the pre-am plifier connected to  a 10W 
pow er amplifier. The m easurem ents were m ade a t the 
o u tpu t socket o f the pow er amplifier when the input 
term inals o f the pre-am plifier were open-circuited. 
T he frequency response curves were also obtained with 
this com bination o f pre-am plifier and pow er amplifier. 
The sensitivity figures given below provide outputs 
from  the pre-am plifier o f  40mV and 250mV when the 
anode load o f the second EF86 is adjusted for use 
w ith the 10W and 20W pow er amplifiers respectively.

PICK-UP INPUT CHANNELS
I t  is im portan t th a t the sockets for m agnetic and 
crystal pick-ups are not used at the sam e time, o ther­
wise the inputs from  the two pick-ups will be mixed. 
E qualisation curves for the m agnetic and the crystal 
p ick-up channels are draw n in Fig. 2.

Magnetic Pick-up
Input Im pedance: 
Sensitivity a t lkc/s

(a) long playing:
(b) 78 r.p .m .:

Hum  and Noise
(a) long playing:
(b) 78 r.p .m .:

lOOkQ (approx.)

3mV
9mV

55dB below 10W 
57 » » ‘ »

FIG. 2— EQUALISATION  CH ARACTERISTIC  OF PICK-UP  
INPUT CH AN N ELS

This inpu t channel is m ost suitable for pick-ups o f  the 
variable-reluctance type, bu t m oving-coil types which 
have higher ou tputs can be used if a  larger value of 
series resistance R5 is included. T he difference in 
sensitivity between the long-playing and  78 r.p .m . 
positions is achieved by the different am ounts o f feed­
back provided at the positions E and F  o f the switch S I.

Crystal Pick-up
Input Im pedance: lOOkQ 
Sensitivity a t lkc/s

{a) long playing: 50mV
(b) 78 r.p .m .: 150mV

H um  and N oise
(a) long playing: 55dB below 10W
(b) 78 r.p .m .: 57dB below 10W

Low- and m edium -output crystal pick-ups can be 
used for this inpu t channel. The input is loaded with 
the lOOkQ resistor R7 in order th a t its characteristic 
shall approxim ate to  th a t o f a  m agnetic cartridge, and  
to allow the same feedback netw ork to  be used. This 
produces the best com prom ise w ith m ost types o f 
pick-up. However, if the pick-up is no t suitable for 
this form  o f loading, o r if its o u tpu t is too high, then 
it can be connected to the auxiliary input socket, 
the function o f which is discussed below.

* The impedance of the input channels includes the grid 
impedance of the EF86 modified by the feedback components 
as well as the impedance of the input network.

300  • 000  3 0 00  10,000

FR EQ U EN C Y  [els)
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TAPE PLAYBACK INPUT CHANNEL

Inpu t Im pedance: 80kQ (approx.)
Sensitivity a t 5kc/s: 3mV
H um  and N oise: 52dB below 10W

The equalisation characteristic used in this channel is 
shown in Fig. 3. F o r frequencies above lOOc/s, the 
curve follows the C.C.I.R. characteristic, b u t below 
this frequency, slightly less boost is used. The channel 
is intended for replaying pre-recorded tapes using 
high-im pedance heads, and the characteristic adopted 
results in good perform ance w ith these heads. I f  a 
greater sensitivity is required, the value o f the resistor 
R3 can be decreased until the desired sensitivity is 
obtained.

(S
.2
Da
Do

a

0

FIG. 3— EQUALISATION CH ARACTERISTIC  OF TAPE PLAY­
BACK INPUT CH AN N EL

M ICRO PH O NE INPUT CHANNEL

Input Im pedance: 1MQ 
Sensitivity: 6mV
H um  and N oise: 44dB below 10W 

T he frequency response characteristic for this channel 
is given in Fig. 4.
The m icrophone inpu t channel is intended for use 
with high-im pedance systems such as crystal m icro­
phones or m agnetic m icrophones with transform ers.

ffi

a -10

FIG 4— FR EQ U EN CY RESPONSE CH ARACTERISTIC  OF 
M ICROPHONE AND RADIO INPUT CH ANN ELS

RADIO INPUT CHANNEL
Inpu t Im pedance 2MQ 
Sensitivity: 250mV

The frequency response characteristic o f  this channel 
is given in Fig. 4.

W ith the values o f im pedance and sensitivity quoted 
above, this channel should meet m ost requirem ents. 
O ther values can easily be obtained, however, by 
altering the feedback resistor R l l  and the series 
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resistor R2. If  the inpu t im pedance o f the channel is 
too  high, it can be reduced by connecting a resistor 
o f  the appropriate  value between the input end o f R2 
and the chassis.

AUXILIARY INPUT CHANNEL
It can be seen from  the circuit o f  Fig. 1 that the 
auxiliary channel is identical with the radio input 
channel. The input w ith the com ponent values shown 
in Fig. 1 can therefore be used for h igh-output crystal 
pick-ups, for example, o r for tape amplifiers built to 
the M ullard circuits.* In  addition, the channel can be 
adapted very easily for m any other applications. F o r 
instance, if the value o f  series resistance R1 is reduced 
to 1MQ, the auxiliary input will be suitable for crystal 
pick-ups which have low outputs.

10 30 '00 300  1000 3000  <0,000

FIG. 5— TO N E C O N TR O L CHARACTERISTICS

TONE CONTROLS
The treble and bass tone control characteristics o f the 
pre-am plifier are shown in Fig. 5. These indicate that 
an adequate m easure o f control is provided in the 
unit for m ost applications.

Low-im pedance controls have been adopted  so that 
any capacitance resulting from  the use o f long co-axial 
leads between the pre-am plifier and m ain amplifier 
will have a m inim um  effect on the ou tpu t im pedance 
o f the pre-amplifier.

HARM ONIC DISTORTION
The to tal harm onic d istortion  o f the pre-am plifier is 
less than  0-15%  at norm al ou tput levels. A t outputs 
o f ten times this level, the total harm onic distortion 
is only 0-24% .

* D. H . W . B u s b y , W. A. F e r g u s o n ,  C. H a r d c a s t l e  and 
J. C. L a t h a m .  ‘Circuits for Tape Recorders’. Mullard Technical 
Communications, Vol. 2, No. 20, November 1-956, pp. 299 to 316.

D . H . W . B u s b y  and J .  C. L a t h a m .  ‘Tape Recorder Circuit’, 
Mullard Technical Communications, Vol. 3, No. 24, May 1957, 
pp. 110 and 111.
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CONSTRUCTION DETAILS
T he chassis and layout 01 the p ream p 

have been designed specifically fo r the  hom e 
constructor. A conventional box type chassis 
is no t used. Instead , the chassis is m ade on 
the  un it system, the  separate parts being 
joined together during assem bly of the 
equipm ent.

T he chassis is m ade up of five separate 
pieces o f sheet alum inium . The dim ensions 
are  given in F igu re  6. E ach  piece should be 
m arked  as show n and the  holes punched as 
indicated. W hen bending th e  pieces, the 
scribed lines should lie exactly along the 

angles. This assures that the pieces will fit together properly  when assem bled. 
F o r ease o f assem bly, com ponents should be m ounted  on the two term inal 
boards, w hich should then be bolted to the m ounting  strip before the strip is 
a ttached  to  the rea r plate . D iagram s showing the position o f the com ponents 
on the term inal boards, and the  appropria te  connections a re  given in Fig. 7.

W hen the  m ounting  strip and term inal boards have been a ttached  to the 
rear p late , m ake a ll connections betw een th e  valve sockets and th e  com ­
ponents on  the  term inal boards. (M ount the valve sockets so th a t the  valves 
will be outside the  com pleted chassis.)

M oun t potentiom eters RV25, R V29 and RV31 on the fro n t panel and 
connect th e  com ponents w hich m ake up th e  tone  contro l netw ork. T hen 
bolt the fro n t and back panels together and connect the  rem aining com ­
ponents.

LIST OF COMPONENTS
4  Fig. 6-D etails of chassis 
^  construction.

JT
SOCKET i OUTPUT

R7~~H- J6  PIN9,VI - A RI5 |-»-GND PIN9.V2-—i~R19 ]-»-GNP

GND

SELECTOR RV25 TREBLE RV31 VOLUME

GND- 

R28- 

CI3 ^

C 9 -

GND- 
PIN t,V2-

.1— 1 RI6 T - h -

i c s s i
:t—I ri7 n -  

:p«—I cn_
| lr-fR2Tj-Mfl22T->— 
■H— I 8 2 0  h H .  

f— I C IO  ->1— ^ ]

\ — I R23 I— F-j-

-PIN 6, VI

-P IN  3,VI 
-PIN l,V I

—PIN 6 ,V 2

-PIN3, V2 
- 230V

TERMINAL BOARD 2

RESISTORS
R l—  2.2 Mfi 
R2— 2.2 Mfi 
R3— 56 kfi 
R4— 1 Mfi 
R5— 68 kO 
R 6— 1 M O  
R7— 100 kfi 
R9— 560 kfi, 5%  
R10— 5.6 MO, 5%  
R l 1— 330 kfi, 5%  
R 12— 560 kfi

Fig. 7-Recommended parts layout; a-the  main chassis; fe-terminal board 1; c—terminal board 2.

R14— 220 kfi, 5%  
R15— 100 kfi 

*R16— 220 kfi 
*R17—  1 Mfi 

R 18— 2.2 kfi 
R19— 1 Mfi 
R20— 33 kfi 

*R21— 18 kfi 
*R22— 82 kfi 

R23— 1.2 kfi 
:‘R24 390 kfi 

R V25— pot, 250 kfi, logarithm ic taper 
R26— 47 kfi 
R27— 39 kfi 
R28— 68 kfi
R V29— pot, 250 kfi, logarithm ic taper 
R30— 6.8 kfi
RV 31— pot, 250 kfi logarithm ic taper 
R32— 30 kfi 
R33— 10 Mfi, 5%
All resistors 1 /2  w att 10% unless noted 

*High stability low-noise resistors, 10%  or 
better

C A PA C IT O R S
C l — 390 pF, silver m ica, 5%
C2— 150 pF. silver m ica, 5%
C3— 2200 pF , silver m ica, 5%
C4— 560 p F , silver m ica, 5%
C5— 220 pF , silver m ica, 5%
C 6— 25 mf, 12 volts, electrolytic 
C 7— 0.1 ^f, 400 volts, paper 
C 8— 0.1 f+f, 400 volts, paper 
C9— 8 pf, 350 volts, electrolytic 
CIO— 25f*f, 12 volts, electrolytic 
C l l — O.lfif, 400 volts, paper 
C 12— 0.1 mf, 400 volts, paper 
C l 3— 560 pF , silver m ica, 10%
C14— 8200 pF , silver m ica, 10%
C 15— 2200 pF , silver m ica, 10%
C 16— .02 /if, silver m ica, 10%
C 17— 16 Mf, 350 volts, electrolytic 
J 1-7— coaxial connectors 
S I— 2-pole 6-position ro tary , 2 decks 
V I, 2— EF86
M etal sheets fo r chassis and case: 1— 16 x 

2 i  inches; 1— 9 x 3 inches; 1— 81 x  1 
inch; 2— 84 x 31 inches 

A ngle brackets 3J inches long, i  inch wide 
in top and bottom  corners (4)

Sockets, B9A, w ith shields (2)
K nobs
M iscellaneous hardw are
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r r n m n

APPLICATION OF ULTRASONICS PIONEERED BY MULLARD
U ltrasonics is the  nam e given to  a  re la ­

tively new  branch  o f physics— the science 
of “sound” waves h igher in p itch  th an  the 
upper lim it o f hum an  hearing. These waves 
can travel th rough  a ir o r th rough  liquids 
or solids just as o rd inary  sound waves can. 
T he only difference from  ord inary  sound 
waves is that the num ber o f vibrations per 
second is m uch greater— in scientific term s, 
th e  frequency is h igher and  the  wave lengths 
shorter.

T here  are num erous ways in w hich u ltra ­
sonics m ay be utilised. E stablished tech­
niques in industry include:—

(1) N on-destructive flaw detection in 
castings, etc., by v irtue  o f the fact 
th a t an  echo is produced from  the 
level o f the flaw, instrum ents being 
used to  plo t its location and ap ­
prox im ate  size.

(2) C leaning o f in tricate  m echanism s by 
agitation  o f the  solvent.

(3) R em oval o f firm ly adhering  films and 
coatings by a  com bination  o f violent 
agitation and disruptive effects p ro ­
duced by cav itational im plosions in 
detergents and  solvents.

(4) Em ulsification of norm ally  im m is­
cible liquids and speeding up of cer­
tain  m ixing operations.

(5) Simple, rap id  tinning and soldering 
of alum inium  and its alloys.

(6) M achining of h ard  and brittle  m ate r­
ials.

Previously im possible drilling and m achin­
ing operations on h a rd  and brittle  m aterials 
such as ceram ics, tungsten carbide, glass, 
germ anium , synthetic gems, etc., a re  now 
being carried  ou t by th e  application of 
ultrasonics.

D rilling  and m achining operations sim ilar 
to  those illustrated  are  n o rm al functions of 
the  60W  ultrasonic drilling equipm ent m an u ­
factured  by M ullard  E quipm ent L td., and 
recently  in troduced  to  this country  by 
M ullard-A ustralia  Pty. L td., 35-43 C larence 
Street, Sydney. T he equipm ent quickly and 
accurately  m achines any desired shape in 
the hardest m aterials using cutting tools 
w hich are  readily  and cheaply p roduced  in 
easily w orkable m etals.

T h e  equipm ent is sim ple to  use and does 
no t require  any special operating  skill.

V ertical reciprocation  o f the  cutting  tool 
is produced  which, in conjunction w ith an 
abrasive slurry, m akes possible norm al 
m achining operations such as drilling, shap­
ing, grinding and  polishing.

R apid  cutting is achieved by the  contin­
uous light chipping action of the  abrasive 
in terposed betw een the  cutting  tool and the 
surface o f the w orkpiece. T he shape of the 
cu t closely follow s th a t o f the tool, w hich 
is norm ally  m ade o f soft m aterials such as 
brass o r m ild steel. Special hardened tools 
o f the conventional k ind a re  no t necessary. 
T his m eans th a t the user can easily shape a 
cutting too l to  suit any p a rticu lar requ ire ­
m ent. Since there  is no  ro tary  m ovem ent 
drilling is no t lim ited to circular o r sym ­
m etrical holes, bu t can accom m odate in tri­
cately shaped holes m ade only w ith g reat 
difficulty by no rm al m ethods. T here is no  
stressing or heating of the m ateria l, and 
troubles due to d istortion  and deform ation  
are  avoided.

M achining accuracy and  surface finish a re  
basically  dependent upon the  size o f the  
abrasive particles. sSurface finishes o f 8 to 
10 m icro-inches a re  easily obtainable, and 
finer finishes can be obtained using ap ­

propriate  abrasives. A s w ith n o rm al m achin­
ing, a repassing action equivalent to ream ­
ing m ay be carried  o u t using a  fine abrasive, 
in o rder to  ob tain  accurate  sizing. Using 
a 1000 m esh abrasive, the dim ensional ac­
curacy o f the  finishing cut is o f th e  order 
o f 0.0005 in.

Speeds of w orking vary according to  the 
m aterials being w orked and the size o f  the 
too l used. A  i  in. square hollow  too l will 
penetrate  soda glass to a  dep th  o f 1 m illi­
m etre w ithin 25 seconds, and a sim ilar cut 
in tungsten carbide w ould take approxi­
m ately  8 m inutes.

T he m achine has p a rticu lar applications 
in the  p repara tion  o f dies and tools and in 
the m achining and finishing of m aterials 
such as ceram ics, which cannot be m oulded 
to close dim ensional limits.

T he equipm ent is sim ilar to a norm al 
light bench-type pow er drill and operates 
from  110-250V a.c. m ains supplies. I t  com ­
prises tw o units: the drill head m oun ted  on 
a bench stand, and an u ltrasonic pow er unit, 
connected by a single 4-core cable. C ontro ls 
a re  lim ited to a sim ple tuning contro l and 
an o n /o ff  switch.

The drill head  consists o f a  m agneto-

strictive transducer coupled to  a  brass vel­
ocity transfo rm er, o r m atching stub, to  the 
end of w hich are  screw ed the  various cut­
ting tools. T hese a re  tu rned  w ith a  standard  
B.A. th readed  stud fo r fitting to the m achine, 
o r in the  case o f com plex shapes, brazed to 
th readed  studding. A  num ber o f  velocity 
transfo rm ers are provided w ith each equip­
m ent, having tip diam eters up  to  J  in. T his 
range of stubs covers a ll drilling sizes from  
the  sm allest possible up  to  the  equivalent 
o f a  square cutting tool having abou t } in. 
sides. T he appropria te  stub is chosen to  
suit the  p a rticu lar size o f  too l being used.

Figure 1— M ultiple drilling of sm all holes 
in a single operation  by the use o f a “pin 
cushion” arrangem ent o f short paralle l studs 
a ttached to  a com m on back plate.

Figure 3— T he curved ho le  in the upper 
section o f this glass stopper has been ob­
tained by the  use o f a  ben t piece o f w ire 
as a cutting  tool, the  stopper sim ply being 
m oved th rough  an arc  as the operation  
progressed.

Figure 2— T he upper ferroxcube disc 
shows a square cu tte r placed in the  hole 
previously m achined and the  shape in the 
lower sam ple was produced by using a 
hexagonal headed bolt as the cutting  tool. 
These are typical o f m achining operations 
readily  perform ed in ceram ics in their fired 
state.

Figure 4— A  brass prin ting  block p ro ­
duced this design in a  single operation.
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INSTRUMENT TUBES

DG16-22
It is obviously wasteful of space, 

both on and behind the instrument 
panel, to use a circular cathode ray 
tube for a narrow rectangular trace. 
Mullard have, therefore, introduced 
the first British instrument tube with a 
face designed to fit the display.

The D G 16-22 has a 5 i  in. by H  in. 
medium persistence screen, and a 
high deflection sensitivity of about 
0.2m m /V  at Va3 =  5kV. It can be 
used for radar range-finding and for 
decoding IFF  or beacon signals. A 
number of tubes may be stacked for 
direct comparison of signals in dif­
ferent channels.

Strict control of x and y plate align­
ment, to within ± 1 °  of 90°, has pro­
duced the excellent perpendicularity 
which is essential for accurate measure­
ments. Accuracy is increased by the 
notably small spot.

This tube is manufactured with 
three different screen characteristics:—  

Fluorescent colour Persistance 
DB16-22 Blue short
DG 16-22 Green medium
DP 16-22 Blue with

green afterglow long

MULLARD THYRATRONS

EN32
The EN32, an inert gas filled tetrode 

thyratron with a peak cathode current 
capability of 2.0 A, has an inter­
national octal base and a negative 
control characteristic. In certain ap­
plications the valve may be inter­
changed with the E.I.A. Type 2050.

It is suitable for ground or airborne 
i  applications and for operation at fre­

quencies up to 1.6kc/s.
The small control-grid current al­

lows a high value grid resistor to be 
used, so that the valve can be con­
trolled from a high impedance signal 
source such as a photocell.

EN70
The EN70 is a subminiature tetrode 

j thyratron with flying leads for direct 
connection into switching circuits. The 
maximum peak cathode current is 
100mA. It may be mounted in any 
position and the glass bulb length is 
34.8 mm.

XR1-6400
The XR1-6400 is a triode thyratron 

with an inert gas filling and directly 
heated cathode. The peak current 
capability is 80A. It is mounted on 
a B4D 4 pin super-jumbo base. Ap­
plications include motor and direct 
welding control circuits.

DG7-5
This general purpose instrument 

tube has a 2 f in. diameter screen and 
an overall length of 6.3 in.

It is intended for symmetrical deflec­
tion with a final anode voltage of only 
800V.

The DG7-5 is also available in short 
and long persistence screens as tabu­
lated below:—

Fluorescent color Persistence 
DB7-5 Blue short
DG7-5 Green medium
DP7-5 Blue with

green afterglow long

MULLARD GEIGER- 

MULLER TUBES

Typical Mullard halogen quenched 
Geiger Muller tubes are shown above 
and have been designed to give years 
of satisfactory service under even the 
most exacting conditions. The counter 
tubes types MX 115, MX 120 and 
MX119 have been developed in colla­
boration with A.E.R.E. Harwell. The 
high degree of mechanical and electri­
cal strength, the exceptional stability, 
and the unique standardisation of 
characteristics have been achieved after 
a long period of intensive research into 
the selection of the most suitable 
materials and their processing.

With the exception of the argon 
and krypton filled tubes for the mea­
surement of X-radiation, all Mullard 
Geiger-Miiller tubes are filled with 
neon, argon and halogen. A special 
technique has been developed for this 
process ensuring an exact and con­
sistent specification which does not 
vary from tube to tube. The standardi­
sation of working voltage is such that 
tubes taken at random or even sup­
plied at different times will all operate 
under identical conditions.
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FERROXCUBE AND ONE OF ITS APPLICATIONS
A glance through the circuit specifi­

cations of television receivers will re­
veal a fair number which include 
Ferroxcube beads. Some circuits use 
one or two beads; others as many as 
seven or eight.

The purpose of the beads is to sup­
press unwanted feedback of high fre­
quency and pulse signals from output 
to input stages. The supply and con­
trol leads in television and sound radio 
receivers (especially v.h.f./f.m. models) 
often provide low impedance paths for 
these signals, and parasitic oscillation 
and instability are readily set up.

Attempts to prevent or cure these 
effects by means of capacitive de­
coupling are not always wholly effec­
tive, and the introduction of some form 
of impedance into the offending lead 
becomes necessary. If inductance in 
the form of a choke coil is introduced, 
the desired effect may be nullified by 
stray capacitances.

The unwanted feedback can, how­
ever, be adequately suppressed by in­
troducing instead a lossy impedance in 
the form of one or more Ferroxcube 
beads. In the more conventional ap­
plications of Ferroxcube (for example, 
in the cores of high quality coils, or 
in transformer cores) use is made of 
the low loss properties of the material. 
These properties, however, are asso­
ciated with a considerable but specific 
frequency range. At higher frequen­
cies the residual losses, in any one 
grade of Ferroxcube, rise quite steeply. 
It is this effect which gives the Ferrox­
cube bead its valuable ability to sup­
press unwanted high frequencies.

A bead threaded on to a wire acts 
as a single turn toroid and makes use 
of the full permeability of the material; 
and, in conjunction with the high fre­
quency losses, it provides a consider­
able increase in the effective impedance 
of the lead. This method of suppress­
ing high frequency signals has the 
advantage of avoiding any d.c. or low 
frequency voltage drop in the lead. 
It is also simple, convenient, adaptable, 
and cheap.

EXAMPLES
Another glance through recent cir­

cuit specifications shows that Ferrox­
cube beads are used at many danger 
spots. They may be found on heater 
supply lines, especially at critical points 
in a heater chain. An example, in 
which groups of beads are used in 
association with an RC network, is

shown in the accompanying circuit dia­
gram. (It should be noted that the 
beads are shown diagramatically for 
the sake of clearness. The standard 
symbol, however, consists of two short 
parallel broken lines shown alongside 
the wire.) Beads are also found in 
the grid input leads of audio valves; 
in the anode, grid, and screen grid 
connections of line time-base output 
pentodes; in r.f. and i.f. stages; and 
in the relatively long inter-connections 
between the front ends and the main 
chassis of television receivers.

TECHNIQUE
Theoretical articles on the effects of 

various sizes and combinations of bead 
have been published. But the layout 
of the wiring in, for example, a tele­
vision receiver is complex; and the 
unwanted frequencies which have to 
be suppressed are likely to be very 
high and rather indeterminate. At­
tempts to calculate the precise value 
of added impedance which is necessary 
are therefore likely to be tedious and 
prolonged. It is obvious that it is far 
more practical and much quicker to 
proceed by trial and e rro r., A bead 
or two can be tentatively slipped on 
to a wire, or tried at various positions 
along it, in a fraction of the t ime 
required for a rigorous calculation, and 
with a much greater hope of success.

Two beads produce twice the damp­
ing effect of one, and so on arith­
metically so far as conditions in domes­
tic receivers are concerned. (In radar 
equipment and the like the relation­
ship of the total length of beads to 
the wave-length of the oscillation be­
comes an important consideration.)

The mechanical aspect of the mat­
ter is even simpler. The beads are 
very small and very light; therefore 
they need no added support, and no 
complicated or inconvenient fixing. 
They can be pushed, if necessary, into 
almost inaccessible positions in the 
wiring.

BEAD TYPES
Two types of Ferroxcube screening 

bead are now commonly used. The 
first, type FX1115, consists of a short 
tube of grade A1 Ferroxcube. Its 
length is 5.0 mm., its internal diameter
2.0 mm., and its external diameter
4.0 mm. Grade A1 is, at its normal 
operating frequencies, a low loss high 
stability material. For suppression 
purposes, in bead form, it is particu­
larly suitable for use where unwanted 
frequencies between 2M c/s and 
15M e/s are met with. In this range 
its losses are high, and the effective 
impedance of the lead is considerably 
increased.

5 10 20Frequency 30

UABC80 FERROXCUBE BEADS UCC85

Each capacitor is !5 0 0 p F
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Where higher frequencies are likely 
to occur —  say from 15Mc/s to 
lOOMc/s —  bead type FX1242 is 
more effective. This bead is of grade 
B2 Ferroxcube— which is a material 
similar to grade A l, but which has 
greater losses in this higher frequency 
range. The dimensions of FX1242 
are: length 5.5 mm., inside diameter 
1.5 mm., outside diameter 4.05 mm. 
Both FX1115 and FX1242 can be 
threaded on to wires up to about 16 
s.w.g.— dependent, of course, on the 
thickness of the wire covering.

Typical resistance, inductance, and 
impedance characteristics of 22 s.w.g. 
wires threaded with single beads are 
given in the three graphs for a wide 
frequency range. The values of resist­
ance, inductance, and impedance are 
the values which the bead adds to the 
values which occur with no bead. The 
impedance graph clearly indicates the 
advantage of using the FX1242 when 
frequencies exceeding about 15M c/s 
are being dealt with. The greater 
lossiness of the type in this region 
gives a markedly greater increment of 
impedance.

Although only the two commonest 
types have been described, the 
technique of using two or more beads 
end to end creates, in effect, quite a 
useful range of stoppers. Other types 
which may occasionally be found in 
receivers have special properties de­
signed to meet some specific require­
ment. Service engineers need, in

n r

AIRCRAFT RADIO EQUIPMENT and the
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general, to keep stocks of only F X 1115 
and FX1242 for replacement of lost 
or broken beads, and also for use 
where, for some reason, additional pre­
cautions have become necessary. Such 
conditions may arise when the wiring 
layout of a receiver has been disturbed, 
or when an original component has 
been replaced by one of a different 
make or of a rather different value.

The two Mullard Ferroxcube bead 
types may be easily distinguished from 
one another by their difference in size.

T h e  o rig in a l H .F . T ra n sm itte r .

liability even under the most rigorous 
operating conditions.

Navigational aids such as Automatic 
D /F , V O R /ILS and Glide Slope are 
also duplicated, and additional 
facilities are available per medium 
of Loran, Radar Altimeter and 
Weather Mapping Radar. This latter 
device enables the pilot to avoid ex­
treme turbulence by flying the most 
appropriate route through bad weather 
areas.

Compare this with the rather primi­
tive conditions under which the famous 
Pacific flight of the “Southern Cross” 
was carried out in 1931 and one is 
more able to appreciate the enormity 
of the task with which the crew were 
faced.

The organisation at the time was in 
the able hands of Charles Ulm and 
the success of the flight was in no small

way due to his untiring 
efforts. With Major Charles 
Kingsford-Smith in com­
mand, Charles Ulm as Co­
commander, and two 
Americans, Harry Lyons as 
Navigator and James War­
ner as Radio Operator the 
“Southern Cross” took off 
from Oakland, San Fran­
cisco, on May 31st, 1931, 
to land at Eagle Farm  in 
Brisbane on June 9th after 
a flying time of 83 hrs. 42 

~ mins.
The radio equipment 

consisted of two trans­
mitters, one H.F. and one M.F. unit. 
These were designed and built by 
Heinz and Kaufman U.S.A., with 
operating voltages being supplied by 
wind driven power units. James War­
ner was an ex U.S.N. Radio-Operator 
and maintained communication with 
Shore Stations and ships throughout 
the duration of the flight.

The H.F. transmitter and power 
unit from the aircraft were purchased 
by Mr. M. A. Brown some years later 
and remained in his possession until 
recently when they were restored to 
their original condition by the Tech­
nical Service Department of Mullard- 
Australia Pty. Ltd., and subsequently 
presented to the Sir Charles Kingsford- 
Smith Memorial in Brisbane for re-in­
stallation in the “Southern Cross” .

When you travel by air the latest 
navigational aids and communications 
systems are constantly being used to 
ensure that your flight is 
carried out with the maxi­
mum of safety and com­
fort. For example a typical 
radio installation in an 
airliner .flying on inter­
national air routes will con­
sist of two high frequency 
transmitter receivers each 
capable of operating on 144 
channels. An additional 
receiver with continuously 
variable tuning will be pro­
vided and V.H.F. communi­
cation facilities will be 
catered for by two T rans/
Receivers having 180 chan­
nels each. Such duplication 
of equipment ensures re-

SOUTHERN CROSS

M r. Jam es W a rn e r  w ith  M r. M . A. B row n (left) an d  M r. M . H . 
M eyers, C o m m u n ica tio n s  C on tro lle r, Q an ta s.
(Photo by co urtesy of Q an tas)
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2 -0C72 or 0C72? am ateu r experimenters co lum n
AUDIO BRIDGE BALANCE INDICATOR

Transistorised record players and 
radiograms which are now on the 
market use a matched pair of OC72 
transistors in the output stage. If it 
becomes necessary to replace these 
transistors then another matched pair 
must be fitted. These are sold as 
separate units of two transistors in one 
box under the type number 2-OC72. 
These matched pairs must also be sold 
to constructors wishing to build the 
200mW amplifier described in “Tran­
sistors for the Experimenter.”

There are already a number of in­
dustrial applications in which only one 
OC72 is used and in the future it is 
probable that a single OC72 will be 
fitted as a driver for a power transistor 
such as the OC30 or OC16. To meet 
replacement needs in these applica­
tions, single transistors can now be 
ordered, using the type number OC72.

Remember!
One OC72 means a single transistor.
One 2-OC72 means a matched pair 

of transistors.

AND 2-0A79 or 0A79?

The new germanium diode OA79 is 
also supplied singly and in matched 
pairs for use in different applications. 
In ratio detector circuits in f.m. and 
TV receivers where a matched pair of 
OA79’s is fitted then they must be 
replaced by another matched pair. 
These are sold as a pair under the 
type number 2-OA79.

Remember:—

One OA79 means a single diode.
One 2-OA79 means a matched pair 

of diodes.
Other Mullard transistors which are 

now available as matched pairs:

2-0C16 

2-0C30

This unit consists of a two-stage 
transistor amplifier feeding a DM70 
“magic-eye” subminiature tuning in­
dicator. The lowest detectable signal 
is approximately 0.2mV and the “eye” 
is fully closed for an input of 2mV.

The transistor section uses two 
OC71’s operating from a 6V battery. 
The first OC71 is designed round a 
nominal current of 0.5mA and is 
highly temperature stable because of 
the values chosen for R l,  R2 and R4. 
The second OC71 is in a high gain out­
put stage and is unstabilised, so that the 
bias control RV5 must be set to give 
the required 1mA collector current. 
The collector current can be adjusted 
initially by connecting a current meter 
in the emitter, or by reading the volt­
age drop across the primary of the 
output transformer with a high imped­
ance voltmeter. The transformer 
loaded OC71 is matched to the OA71 
rectifier circuit by a stepup turns ratio 
of 1:3. The transformer primary resist­
ance should be kept as low as possible 
and in the prototype was 150n.

The rectifier circuit is conventional. 
For the 2mV input to the first transis­
tor the rectifier provides — 7V to the 
grid of the DM70, which is enough 
to close the “eye.” With pin 5 earthed 
the DM70 draws about 105[iA from 
the 67.5V anode supply. The filament 
draws 25mA from its 1.4V supply.

The DM70 is in the subminiature, 
wire-in construction and is about 
10mm. in diameter and 44mm. long. 
The display when the “eye” is fully 
open has the appearance of a fluores­
cent exclamation mark—there is a dot 
and a wedge-shaped column joined 
together by a waist. As the grid-goes 
negative the display is extinguished at 
the waist or narrowest part of the 
wedge first, that is, the wedge shortens 
and detaches itself from the dot. Even­
tually only the top of the wedge is 
fluorescent, and then that too becomes 
cut off; the dot is the last part of the 
display to be extinguished.
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