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Mullard 
PIONEERS IN ELECTRONICS 

The science and practice of electronics doubtless commenced with the first 
application of the thermionic electron tube —familiarly known as the "valve". 
The name of Mullard was closely associated with the early developments of the 
valve and Mullard was one of the first in the world to manufacture valves com-
mercially.  During the first World War Mullard Valves were used extensively 
by the Services, particularly the Mullard Silica Transmitting valves supplied 
to the Admiralty.  Then, as now, Mullard Silica Valves were famous for their 
long life and high efficiency. 

Early radio experimenters remember affectionately  their first valve —care-
fully nursed and wrapped in cotton-wool —which in a majority of cases was 
the famous Mullard "ORA". Those letters represented "Oscillates. Rectifies, 
Amplifies" —one valve type for all purposes.  Today, the Mullard range of 
valves includes a highly-developed specialised type for every conceivable appli-
cation in science, industry, defence and entertainment. 

In the television field, too, Mullard was (and remains) right out in front. The 
late John L. Baird is recognised as the "father" of practical television and 
most of the special tubes and valves he required were developed and made by 
Mullard.  From that beginning Mullard has become England's leading source 
of electronic tubes for television and special defence applications. 

There is hardly a field of application for electronics with which the name of 
Mullard is not intimately associated.  In all modesty. Mallard can truly claim 
the title "Pioneers in Electronics". 

In the field of electronics— "Communicate with Mullard" 

SOME OF THE MULLARD ELECTRONIC PRODUCTS 
Electronic Tubes: 
Radio Receiving Valves. 

Radio Transmitting Valves. 

Industrial  Valves  for  heating  and  control. 
Hearing Aid Valves. 
Special Television Valves, 
Cathode Ray Oscillograph Tubes. 
Television Picture Tubes. 
Photographic and  Stroboscopic Flash Tubes. 
Photoelectric Cells. 
Accelerometer Tubes. 
Voltage Stabilising Tubes. 
Voltage Reference Tubes. 

Electronic Apparatus: 
Domestic Radio Receivers. 
Domestic  Television  Receivers. 
Communication Receivers. 
Fixed and Mobile Radio Transmitters. 
Mobile Transceiver Equipment. 
Intercommunication Equipment. 
Sound Amplifying Systems. 
Industrial Electronic Equipment. 
Cathode Ray Oscilloscopes. 
Moisture Meters. 
Potentiometric Titration Apparatus. 
Measuring and Testing Instruments. 
Scientific Apparatus. 

"Where there's a new electronic device — there's Mullard 

MULLARD, AUSTRALIA Ply. Ltd. 
HEAD OFFICE:  33-43 CLARENCE STREET, SYDNEY 
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Television Standards Announced 
editorial 

The recent announcement by the Government on the standards to be 
adopted for Television services in this country has evoked considerable inter. 
est amongst the radio fraternity.  Although such services are not likely to 
commence before another two years, it has been tentatively stated that a 625. 
line system with Frequency Modulation for the sound will be used. 

Although the British system uses 441 lines, and that in America 525 lines, 
the adoption of 625 lines is in keeping with a policy to provide the best possible 
system and give the Australian public a high definition picture comparably 
better than that obtainable from either the British or American standards. To 
transmit a picture of high definition, i.e., one with more picture elements, 
requires an increased band-width, which is one disadvantage since it decreases 
the total number of possible stations for a given band of frequencies. 

This latter consideration, however, will be of little importance in this 
country, since the present policy is to restrict T-V broadcasts to one station 
in each capital city. Whilst in the initial stages such a policy may be wise, 
especially from the economic point of view, it will certainly deny the benefits 
of the system to the large sections of population living in the major country 
towns.  Because of this it seems feasible, due to public demand, that these 
areas will eventually be served by a relay system, using a single central trans-
mitter. 

In view of the high frequencies used, the normal range of a T-V station 
is restricted to a possible n, times the line of sight distance although under 
freak circumstances broadcasts have been received over much greater distances. 
Consequently to serve outlying areas beyond the normal service area of a 
T-V station, some form of relay system is necessary. 

Up to the present time, three methods have been employed in overseas 
countries, namely, co-axial cable, microwave transmissions, or the use of air-
craft flying around at high altitudes. Whilst co-axial cable has been used most 
extensively, this will not always be the case, and it is now being supplanted 
by microwave transmissions. 

With this system, frequencies up to 7000 m.c., because of their directional 
properties, can be beamed to carry video signals from one antenna to another 
spaced approximately line of sight distances apart.  The energy required for 
this is quite small, usually less than one watt, whilst the transmission quality 
and band-width passed are better than that obtainable with co-axial cable. From 
a utility and efficiency aspect, it seems highly likely that this type of system 
will be used in this country when required, especially in view of the current 
programme to instal microwave apparatus for trunk-line working between nmny 

areas. 
Apart' from the purely entertainment field, Television has numerous other 

important applications, not the least being those for military purposes. Reh 
during and since the last war, there has been a continuous development witN 
television-guided missiles and similar equipment, and these will undoubtedly 
play a large part in any future conflict. On the education side, television is 
now being installed in several large overseas hospitals to enable medical 
students, etc., to view intricate operations as clearly as though they were in 
the same room. In the commercial field, there is the recent introduction of 
Ultrafax, which is being used for the high-speed transmission of large quan-
tities of printed matter.  In use, pages are televised in rapid succession and 
photographed as they appear on the screen all at the tremendous rate of 

20 full size books per minute. 
In short, Television is the ideal technical medium for viewing distant or 

close events, and diverse though its present applications may be, it is still too 
early to indicate its possible ultimate uses. There is no doubt that its intro-
duction will exert a tremendous and forceful influence on the already established 
mediums of entertainment, either as an incentive or threat, depending on the 
point of view. However, properly handled, and viewed in its proper perspect-
ive as one of the major miracles of our time, it must do much towards creating 
a new order of magnitude in entertainment, education and international affair, 
leading to a better understanding between the peoples of the world. 
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PRINCIPLES AND PROSPECTS OF — 

MICROWAVE COMMUNICATION 
by F. S. MABRY, Westinghouse Electric Corp. 

Traffic congestion is the order of the day, in communi-
cations channels as well as on the city streets. The growing 
need of industry for avenues of communication has outrun 
the available frequencies for short-wave radio and power-
line carrier.  This has led to the opening of a vast new 
territory in the microwave region, using tools and know-how 

gathered in connection with wartime radar. 

The lives of people depend on 
the continuous functioning of pub-
lic  'services —gas,  oil,  gasoline, 
water,  electricity —and  these,  in 
turn, rely on continuity of commu-
nication.  The  demands  for  ad-
ditional means of communication 
have become prodigious. In many 
cases it is impossible or uneco-
nomical  to  expand  further  the 
present types of communication. 
Fortunately, new systems of com-
munication, utilising microwaves, 
have been developed and can fill 
many of these needs. 

The Growing Shortage of 
Channels 

Present form's of communication 
cannot be expanded, or have room 
for only limited expansion. First, 

Fig.  1. —Microwave  com munication 
borrows  heavily from  apparatus  de-
veloped for radar and  kindred war-
time electronic  systems.  At  left  is 
a klystron. for  generating  small 
amounts of power at megacycle fre-
quencies, centre is a lighthouse tube 
used at somewhat lower frequencies. 
and  at  right,  a  modern,  synthetic 
crystal. 
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let's  look  at  power-line  carrier. 
Here is a highly reliable communi-
cation system. The power line is 
ruggedly constructed to withstand 
all kinds of weather and the con-
ductors are almost ideally suited 
to conduct the lower communica-
tion frequencies. 

The  available  frequency  spec-
trum is the limitation. Standard 
power-line carrier apparatus oper-
ates in the frequency band of 50 
to  150  kilocycles,  which  means 
100,000 cycles of frequency spec-
trum or bandwidth. Using the most 
modern single-sideband voice com-
munication carrier with terminals 
employing  the  same  frequency, 
which span 4,000 cycles of band-
width for each channel, 25 channels 
would be the limit. Considering the 
functions of voice communication. 
telemetering. load control, super-
visory control and carrier relaying. 
the number of channels is often 
insufficient. 

Power systems are now so inter-
connected that these channels may 
have to be divided among several 
companies, because• the intercon-
nections may prevent use of the 
same frequencies in different parts 
of the composite system. Further-
more, many systems have grown up 
using older carrier equipment of 
the double sideband, two-frequency 
type, which uses 15 or more kilo-
cycles of bandwidth per two-way 
channel. These conditions can be 
alleviated  by  using  microwaves 
wherever applicable, generally for 
shorter distances, and using the 
power-line  carrier  for  only  the 
longer circuits. 

Privately owned telephone lines 
are limited in their capabilities for 
carrying additional channels. New 
lines are expensive, not only in first 

cost but in maintenance. Also, be-
cause of the small conductor size 
and  the  closer  spacing  of  the 
wires  (as  compared  to  power 
lines), they are more subject to 
disabling at the hands of the ele-
ments,  and  therefore  are  less 
reliable than the power conductors. 

The  Federal  Communications 
Commission has recognised that 
microwaves  offer  a solution  to 
many  of  these  communication 
problems and has set aside a por-
tion of the radio spectrum for this 
use. This section of the spectrum, 
which  covers  certain  bands  of 
wavelengths between 31 and 4 cm 
(frequencies between 950 and 6875 
megacycles)  opens  the  way  to 
thousands of new channels. 

Microwaves and Their 
Component Apparatus 
Microwaves  are  simply  radio 

waves having a higher frequency 
or shorter wavelength than most 
people are accustomed to, or know 
about. Prior to about 1935. tubes 
and  circuit  techniques  for  pro-
ducing them were not available. 
The  transmitting  tubes,  circuit 
components, and modern know-how 
techniques are by-products of war-
time radar development.  Light-
house  tubes, klystrons, crystal 
mixers and cavity resonators were 
actually developed to a high state 
of perfection during the war. Some 
are shown in Fig. 1. 

A lighthouse tube is a simple 
triode radio tube having a cathode, 
a grid and an anode. It differs 
from a conventional radio tube only 
in slight design changes that mini-
mise the inductance and capaci-
tance of its elements. Much effort 
was given to adapting to it circuits 
in which energy is transmitted 

4 



- -- --
through cavities instead of conduc-
tors, which makes the lighthouse 
tube useful at frequencies as high 
as 2,500 megacycles. 

A klYstroni is another special 
radio tube capable of generating 
frequencies  many  times  higher 
than a lighthouse tube. It is useful 
as a transmitting tube and as a 
local oscillator in a superhetero-
dyne receiver. The klystron is a 
cavity-resonator tube whose, fre-
quency depends on the dimension's 
of the cavities. Therefore, klystrons 
are available for different frequen-
cies, since the cavities are adjust-
able over only a small range. 

In any radio receiver the energy 
received must be amplified before 
it is of sufficient magnitude to be 
useful. Amplification is convenient, 
practical and advantageous at a 
different frequeñcy than the fre-
quency being received. Therefore 
a frequency changer is needed. The 
incoming frequency is mixed with 
a new frequency generated locally 
and applied to a non-linear imped-
ance termed a "mixer", usually a 
rectifier, 'such as another tube or a 
crystal. One product of this mixer, 
being the difference of two fre-
quencies,  is a lower frequency, 
which can be processed by more 
conventional tubes and circuits less 
critical in their characteristics. 

Crystal Mixer 

At frequencies below about 1,000 
megacycles, a tube makes the best 
mixer; for higher frequencies a 
crystal is most used. Known in the 
early  years  of  radio  as  "cat's 
whisker" detectors, crystal recti-
fiers became obsolete until wartime 
developments gave them a new im-
portance and raised their quality 
manyfold2. Several other compo-
nents used in microwave transmis-
sion were also wartime develop-
ments. 

The boundary between conven-
tional radio .frequencies and micro-
waves is not sharp. In general, we 
think of microwaves as all waves 
of less than 100 centimeters in 
length or higher than 300 mega-
cycle's  in  frequency.  In  this 
frequency  region,  conventional 
ti,bes reach the limit of their capa-
bilities and cease to function as 
amplifiers, oscillators, etc. Also, in 
this region the techniques appli-
cable to ordinary lumped-constant 
tuned circuits give way to those 
for tunable lines and cavities. 

The microwave bands available 
for  point-to-point use  by  power 
companies  and  other  industrial 
services are shown in Fig. 3. These 
are called fixed operational bands. 
The ones used first will probably 
be the low-frequency bands 952-
960 mc., 1850-1990 mc., 2110-22- mc., 
2450-2700 mc., and possibly 6575-
(1875 mc. These frequencies are not 
available  to  government  power 
agencies, whose assignments are 
macle in  the  bands  allotted  to 
Federal  bodies.  These  are  also 
shown. In some cases they are 
adjacent to industrial bands. 

At present, frequencies are re-
served for industrial use on an 
experimental basis, pending avail-
ability of commercial equipment. 
The frequency assignment probably 
will be made as soon as suitable 
equipment is generally available 
and  commercial  application  has 
been made of it. 

Characteristics of 
Microwaves 
Microwaves  are  not  reflected 

from the ionosphere like frequen-
cies below about 50 megacycles. 
Neither do they follow the curva-
ture of the earth like signals in 
the broadcast and low-frequency 
bands.  They  tend  to  travel  in 
straight lines.  For reliable com-
munication with microwaves large 
objects must not intervene between 
the  transmitting  and  receiving 
antennas.  Desirable  antenna 
heights  for  different  distances 
are shown in Fig. 5. 

The line-of-sight path between the 
two antennas preferably should not 
even graze the surface of the earth 
at intervening points. A clearance 
of 50 feet or more is desirable, and 
Fig. 5 includes this allowance. This 
clearance minimises the amplitude 
of the variations in signal strength 
or fading due to storms or reflec-
tion from the earth. 

In actual application, advantage 
should be taken of hills or high 
buildings to achieve the antenna 
heights required. The Bell Tele-
phone Laboratories have conducted 
extensive tests on the reliability 
of  microwave  transmission  and 

have concluded that "a high degree 
of reliability is practicable pro-
vided due allowance is made for 
the variations in the transmitting 
medium.".' These tests showed that 
the longer microwaves were most 
stable and somewhat less subject 
to variations in the medium. By 
providing  adequate  transmitting 
power and using automatic gain 
controls in the receiving apparatus,. 
strong and stable signals are re-
ceived under all conditions. 

Because of the short wavelength 
of microwaves, relatively simple 
antennas can be constructed that 
transmit them in a beam similar to 
the beam of a searchlight. The 
simplest method is to arrange the 

44000 
26,000 

22,000 

21,000 

18,000 

16,000 

13,200 

12,700 

12,200 

11,700 

10,700 

10,500 

10,000 

9,900 

9,800 

8,500 

7.125 

6,875 

1,575 

M 6,425 

e 59925 
1 59650 

• 5,000 

4,400 

4,200 

3,700 
3,500 

3000 

2,700 

2,500 

2,450 

2000 

.2,200 

2,110 

1,990 

1 850 

1,700 

1.300 
',215 

960 

952 

940 

890 

500 

DC89012i0161 

• 

• 

'VA 

1.15 

136 

143 

1.66 

1.87 

2.27 

236 

2.46 

256 

2.80 

286 

3.00 

01 

3.06 

3.53 

4.22 
  4.37 
  4.57 

 4.67 

  5.07 

5.33 

4.00 

6.82 

7.15 

  811 

  8.57 

  909 

11.1 

 12 e 
 12.2 

13.0 

0.6 

 14.2 

  15.1 

16.2 

17.6 

1.1 

*  315 

31.9 •   

33.7 

600 
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Fig. 5. —Height required for antennas 
for  line-of-sight  operation  over  dif-

ferent distances.  They allow 50 feet 
for ground clearance. 

antenna at the focal point of a 
parabolic  metal  reflector.  The 
diameter of the reflector mainly 
controls the size of the beam —the 
larger the reflector the narrower 
the beam. Other factors, such as 
evenness  of "illumination"  also 
have an effect. 

For example, Fig. 4 shows a 
typical parabola, 3.5 feet in dia-
meter, that produces a beam only 
20 degrees wide at 960 megacycles. 
To create a beam of this size in 
the broadcast band, say at one 
megacycle, would require a "dish" 
2,700 feet in diameter. Concentrat-
ing the energy into a beam is equi-
valent to increasing the power of 
the transmitter by a factor equal 
to the gain factor of the antenna 
and increasing the sensitivity of 
the receiver a like amount. 
Therefore, only a few watts of 

power are required for a communi-
cation circuit in the microwave 
bands. Many microwave channels 
in  television  relaying  systems 
transmit powers of only a few milli-
watts. 
Both  natural  and  man-made 

static is practically non-existent in 
the microwave bands. This is due 
partly to the use of small antennas,  Receiving 

Antenna 
wMch are not readily influenced    
by electrostatic disturbance's, and '— '1-4°  
also to an absence of microwave 
frequency components in static dis-
charge's. The principal source of 
noise is in the receiving equipment 
itself, and is insufficient to concern 
the user. In any commercial equip-
ment with suitable antenna and 
installation, the power output of 
the transmitter is 'sufficient to over-
ride  receiver noise by a com-
fortable wide margin, even over the 
upper limit of distances indicated 
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The Mechanics of Microwaves 
A typical microwave link serving 

four telephone lines at each termi-
nal is depicted in Fig. 6. One 
cabinet  houses  the  microwave 
transmitter, receiver and power 
supply. Another cabinet houses the 
multiplexing or signal-combining 
equipment, and a third contains 
the telephone-line terminating ap-
paratus.  Separate  antennas  are 
used for transmitting and receiv-
ing. Where distances greater than 
line of sight are to be covered, the 
same kind of equipment can be 
used as a repeater. 

When more than one conversa-
tion or other types  of similar 
signal's  are  transmitted  simul-
taneously over a single pair of 
wires  or  over  a single  radio-
frequency carrier, the circuit is 
said to be "multiplexed." To pre-
vent "cross-talk" or interference 
between them it is necessary either 
to (a) share time among them, or 
(b) share frequencies, i.e., convert 
all but one of the various conver-
sations to new frequencies 'separ-

Transmitting 
Antenna 

Transmitting 
Antenna 

Receiving 
Antenno 

Fig. 6. —A schematic view of 
a representative  microwave 
com munication system. 

ated in the frequency spectrum. 
The equipment that performs this 
function  is  called  multiplexing 
equipment.  Equipment employing 
scheme (a) is called time-sharing, 
time-division, pulse-time or pulse-
code multiplex. Equipment using 
scheme (b)  is called frequency-
division multiplex. 
Where less than eight channel's 

are required over a single micro-
wave link, frequency-division multi-
plex appears to be more economical 
than time-sharing methods. It also 
spans less of the microwave spec-
trum. Where eight or more chan-
nels are required, one or more of 
the time-sharing methods appears 
to be more economical. 
The multiplex scheme depicted in 

Fig. 6 is the frequency-division 
type. Equipment for four channels 
is shown, although the capability 
of the system is seven. Just how 
this scheme works is shown in Fig. 
7. Carrier frequencies of 8, 12, 16, 
20, 24 and 28 kc. are generated 
within the equipment. These are, 
in turn, modulated by the various 
signals to be transmitted, in a man-
ner that eliminates the carrier and 
and upper sideband from the out-
put. 
The various outputs are then 

connected in parallel and the re-
sulting complex wave is used for 
frequency modulation of the micro-
wave carrier. At the receiving end 
the process is reversed and the 
signals are reconverted to their 
original form. 

Time Sharing Multiplex 
In time-sharing multiplex, the 

voice-frequency (or other) signals 
of the various channels are sam-
pled  or  examined  individually 
several thousand times a second. 
The amplitude of the signal at the 
time of sampling is used to control 
some  characteristic of a pulse, 
such as position or amplitude, with 
respect to a reference value. With 
a pulse-repetition rate that permit's 
each signal to be sampled at a fre-
quency several times the highest 
frequency contained in that signal, 
the original wave can be recon-
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structed from the received series 
of pulses with negligible loss of 
fidelity. 
The  telephone-line  terminating 

apparatus shown in Fig. 6 consists 
of hybrid coils, line-balancing net-
works and ringing equipment, and 
line  amplifiers  when  necessary. 
The hybrid coils, or transformers, 
as they are called, provide the 
ratio arms of an impedance-bridge 
circuit used to separate the out-
going from the incoming signals. 
Line amplifiers merely raise the 
level of the signals to suit the 
overall signal level requirements 
for the particular appreciation. 
Microwave communication offers 

several  distinct advantages over 
other  forms.  Paramount  among 
these is channel reliability. It does 
not depend on continuity of power 
lines, pilot wires or telephone cir-
cuits between the two points. All 
of the elements involved can be 
located at  the  terminals  where 
routine inspection and maintenance 
can be performed readily. Due to 
the directivity of the antennas, the 
line-of-sight characteristic and the 
spectrum  space  available,  they 
offer great freedom  from  inter-
ference. Where communication is 
needed  in  highly  industrialised 
areas or cities, the cost of digging 
up streets or stringing lines re-
quired for other forms of communi-
cation can be avoided. 
Large-scale application of micro-

waves will probably be made in 
the near future. Most of this will 
be in the 952 to 960 megacycle 
band, for two principal reasons. 
Frequencies in this band are most 
stable  in  their  transmission 
characteristics, that is, they are 
least affected by fading, weather, 
etc. The equipment for this band 
is simpler and more closely related 
to techniques employed in equip-
ment for lower frequencies. 

Uses of Microwave 
Communication 
Some of the contemplated uses 

of microwave point-point communi-
cation are as follows 
(1) Power Radio Service includes 

those activities concerned with 
generating, transmitting, col-
lecting, purifying, storing or 
distributing by means of wire 
lines  or  pipelines,  electrical 
energy, artificial and natural 
gas, water and steam for use 
by the public or by the mem-
bers of a co-operative organi-
sation. 
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(2) Petroleum Radio Service, hav-
ing to do with prospecting for, 
producing, collecting, refining, 
or transporting by means of 
pipelines, petroleum or petro-
leum products. 

(3) Forest-products Radio Service, 
such as for lumbering, tree 
farming,  and  related  woods 
activities for the purpose of 
forest protection, safety of life 
and property, and efficiency of 
operations  in  remote  areas 
where  other means of com-
munications are not available. 

(4) Special  Industrial Radio Ser-
vice,  which  applies  to  all 
commercial or industrial opera-
tions that are predominantly 
rural in nature;  commercial 
and  industrial operations  in 
which an element of hazard to 
life and property can be miti-
gated by radio communication; 
industrial or commercial opera-
tions that react directly on the 
public welfare or safety; and 
those  services  bearing  on 
public health or well-being. 
Land-transportation Radio Ser-
vice, such as inter-city buses 
and trucks, railroads, cabs and 
urban transit systems. 

(6) Public-safety  Radio  Services, 
where spare radio communi-
cation is essential to either the 
discharge  of  governmental 
functions relating to the public 

(5) 

(Continued on page 40) 

Radio Engineers 
a re  you 

QUALIFIED 
GET THIS FREE BOOK 

It tells you how, by home study, the B.I.E.T (British 

Institute of Engineering Technology) will train you 

for a successful Radio Engineering career. 

Professor A. M. Low, noted British Scientist and 

Inventor has stated ". . . the methods employed 

by the British Institute of Engineering Technology 

are in advance of any similar service offered . . ." 

B.I.E.T. Courses embrace: 
Examination. 

A.M. Brit. I.R.E. Examination. 
Aust. Examination. 

General Radio Engineering. 
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Short Wave Wireless. 
Practical Television. 
Talking Picture Engineering, 
P.M.G's. Operators' Certificates of Proficiency. 
and Radio Inspectors Examination. 
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(CENTRES THROUGHOUT THE W ORLD) 
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ING OPPORTUNITLES" containing particulars of your radio 
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FILLING  A  LONG-FEL T  W A NT 

MODEL 508 

SLADE'S RADIO 

PTY. LTD. 

makes available to 

Radio Dealers and Home 

Constructors a full range of 

Console, Combinette and 

Radiogram Cabinets. 

77e7e 7e=ee7e7irri7 •, 7.e• 9T7e7 

Made from best quality Maple and Italian Walnut Veneers with a 

brilliant piano finish. 

MODEL 508 is suitable for all types of Record Changers. 

MODEL 509 is suitable for single motor. Dial fits on front 

of cabinet, lid being lifted only for record playing. 

MODEL 510 is a Combinette-type cabinet, large enough to 

take a 5 valve, dual wave set with single motor. 

MODEL 509 

Where desired, bare chassis or chassis and dial can be supplied to suit 
each type of cabinet. 

MODEL 510 

Expert packing for all out-of-
town deliveries. 

Write or call at our factory for further particulars. 

See them on display at 

Radio House, 296 Pitt St., Sydney 
or at 

SLADE'S RADIO PTY. LTD. 
LANG ST., CROYDON, N.S. W. 

Tel.: UJ 5381 —UJ 5382 

Established 30 Years. 

I M1111,  
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OVERSEAS  DEVELOPMENTS A TECHNICAL SURVEY OF LATEST 

NEW RECORD CHANGER DESIGN 

A new approach to the problem of record changing is 
shown in the accompanying photograph. This unit enables 
the playing of both sides of the record, and is said to 

eliminate dangers of record damage. 

The basic feature of the design 
is the use of suction cups for 
holding the records, in place of 
place of grippers and clamps. This 
makes the handling of the records 
much more gentle, firm and posi-
tive. Although the changer handles 
7, 10 and 12 inch records and 
operates at all three speeds now 
used, there is less machinery in 
this  unit  than in some of the 
changers that play one side at one 
speed. 

The table at the left holds up 
to 16 records. These are picked up 

one at a time by a suction cup on 
on the transfer arm, and carried 
to the turntable at the right. After 
the first side has been played, the 
turntable, mounted on gimbals, is 
turned over, but the record is held 
in place by another suction cup 
until, at the end, air is admitted 
and the record is dropped to the 
tray below. There is no drive shaft, 
since the turntable is driven by a 
friction disc at the side. A control 
cuts out the turnover feature if 
it is desired to play the records on 
one side only at any time. 

— Courtesy FM-TV. 

In this turnover changer, suction cups are used in place of mechanical grippers 
to move and hold the records. 

Atoms Lay Cornerstone 
To  symbolize  efforts  to  put 

atomic energy to work for man-
kind, a miniature nuclear reactor 
was used to lay a 2 ton corner-
stone for a new 19 storey building 
in New York City. Seven hundred 
persons  watched  as  the  huge 
granite stone dropped into place 
without the use of human hands. 
Dr. J. R. Dunning, professor of 

physics  at  Columbia  University, 
pressed  a button  to  start  the 

action.  The  miniature  nuclear 
reactor split ten U-235 atoms in 
about 10 second.  The cumulative 
electrical  impulses  activated  a 
small magnesium flare embedded 
in a ceremonial ribbon. The ribbon 
parted with a flash of light and a 
loud explosion as the tenth fission 
was recorded. The stone then set-
tled into position at the end of a 
chain attached to a motor atop a 
hoist, which also had been acti-
vated by the fissions. Each fission 
released 200,000,000 volts of energy. 

Insects Cause "Blips" on 
Radar Screen 

Mysterious short-duration radar 
reflections  called  "angels"  or 
blips" and which are Observable 
most frequently below heights of 
3,000 feet on radar screens, have 
now been identified as being due 
to flying insects. 

In their attempt to synthesize 
the strange patterns on the radar 
scopes,  Bell  Telephone  Labora-
tories scientists exploded a small 
charge of nitro-starch in the air 
500 feet above the radar antennas. 
They flew a plane low over the 
radar  and  looked  for  reflection 
from exhaust gases.  They built 
bonfires upwind so that the hot 
combustion gases and steam clouds 
formed by pouring water on heated 
rocks billowed into the beam. In 
all these experiments, the pheno-
menon were never observable. 

In later experiment's, working at 
night, they threw out a strong 
searchlight  beam,  and  stationed 
observers at different levels of a 
200 foot tower. While the observers 
counted insects, the radar opera-
tors counted the appearance of 
"blips"  on their "scopes." They 
found that in one fifteen minute 
period twenty were counted, fifteen 
of which coincided with the sight-
ing of an insect. 

Insects fit most of the descrip-
tions which have been applied to 
the mysterious reflections on radar 
scopes. They are small, they move 
at a speed comparable to wind 
velocity, sometimes with and some-
times against the wind, they are 
present both day and night, and 
there are more of them in warm 
weather than in cold. 

Dunning  said  that  the  event 
symbolized the "great advances 
man has made and the hope of the 
world that, rightly used, it will 
mean an era of peace, and help 
bring the better life to an ever-
increasing fraction of the world's 
peoples." 
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The external appearance of the new 
and  novel  receiver.  Note  the  two 
valves mounted at the front, with the 
tuning control in between. 

A new type of personal receiver 
in the form of a radio hat is now 
being marketed in the U.S.A. and 
is expected to prove very popular. 
It consists of a sensitive two valve 
receiver built into a tropical type 
helmet with the valves projecting 
from  the  front  like  two  small 
horns. 

Design Details 
The tuning control is a small bar 

knob mounted between the valves, 
whilst the antenna  (and tuning 
coil) is a five inch loop,  inch 
wide, mounted vertically on the 
rear of the crown. Due to the 
marked  directional  effects,  this 
aerial fits into a socket that per-
mits rotation through 90 degrees 
to ensure maximum signal pick-up. 
A single headphone is built into 
the inside of the hat just over one 
ear. 
Power is supplied by a small 

battery pack, consisting of a 221 
volt B battery and two small A 
cells, which tit into the pocket and 
connects to the set through a thin 
3 conductor  wire.  There  is no 
switch, and the set is turned on 
by plugging the battery cable into 
the socket on the battery pack. 

Efficient Circuit 
In the circuit the 1S5 is connec-

ted  as  a modified  ultra-audion 
detector. Its tuned circuit consists 
of the loop and a small compres-

LOOP  COMPRSSON TANG CAP IS5 

THE RADIO HAT 

Details of a new and novel receiver design now being 
produced in the U.S.A.  Combining two miniature battery 
valves in an efficient circuit, it should be capable of good 

results when used in the vicinity of strong stations. 

TUNING CAPACITOR 
N, • 

3 V4 SOCKET 

COUPLING  ---
CAPACITOR 

ISS PLATE BYPAqS"---

I S5 SCREEN BYPASS 

PHONE: CONNECTORS 

HELMET LINER OP. 
THIN  ÇEEP BOA•RD • 

PHONE CORD--,-

The chassis layout which fits inside 
the  hat.  To  prevent  damage  it is 
covered  and  shielded  with  a foil. 
coated liner. 

The  simple 
features an 
cuit. 

3V4 

two-valve  circuit which 
interesting detector cir-

BATTERY PLUG 

A-I-1.5V 

CAPACITOR 

I SS 
SOCKET 

3V4 
GRID LEAK 

DETECTOR 
PLATE AND SCREEN 

RESISTORS 

BATTERY CABLE 

REVOLVING 
LOOP GUIDE 

SOCKET FOR 00P 

- -BATTERY CABLE 

sion type capacitor with the control 
knob on the front between the 
valves. 
The audio amplifier is a 3V4 

pentode, resistance coupled to the 
detector. Bias for the amplifier is-
developed across its 20 megohm 
grid resistor. The single phone is 
in the plate circuit of the 3V4,. 
where it provides sufficient volume 
for local stations. Like most regen-
erative detectors, this one requires 
careful adjustment of the tuning 
control  and  antenna  for  best 
reception. 

—Courtesy Radio-Electronics (U.S.A.) 
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HIGH QUALITY DUAL   
  WAVE RECEIVER 

Front view of the completed receiver. 
Controls from the left to right are: 
Volume  Control,  Radiogram  Switch, 
Tuning,  Wave-change  Switch  and 

Tone Control Switch. 

Ia the May, 1949, issue, details 
were given for constructing a high 
quality amplifier unit which feat-
ured a special tone control circuit. 
At the time it was pointed out that 
this  design,  whilst  laying  no 
claims to high fidelity, did provide 
a tonal response comparably bet-
ter than that usually obtained with 
a 'single pentode output stage. 

This improvement was largely 
due to the inclusion of a special 
tone control circuit, and a wide 
range output transformer having a 
separate  secondary  winding  for 
the feedback loop.  Now for those 
readers who have been interested 
in this design in view of the ex-
cellent tonal response, but did not 
have a tuner on hand to use it 
'with, this description of a five-valve 
receiver incorporating this audio 
section should be of particular in-
terest. 

The output transformer is the 
special Ferguson type OP24, and 
this is available with secondary 
windings to suit speakers having 
either 2.2 or (3.5 ohms voice coils. 
For other V.C. ratings the two 
windings  can  be  connected  in 
either series or parallel arrange-
ment, thus permitting its use with 
most speakers. 

11 

Circuit Details 

The circuit consists of an ECH35 
converter, an EBF35 combined i-f 
amplifier and second detector, a 
6.17G audio amplifier, 6V6GT out-

put stage and a 5Y3GT.  Grid bias 
for the converter stage is obtained 
by means of the usual resistor and 
by-pass combination in the cathode 
circuit.  In the case of EBF35, the 
cathode is earthed, with the requi-
site operating bias being supplièd 
by the AVC line.  The diode load 
consists of the .1 meg. resistor 
and  .5 meg. volume  control  in 
series.  The volume control is con-
nected  through  the  radiogram 
switch and serves the dual pur-
pose of radio as well as gramo-
phone pick-up volume control. 

The audio signal is taken from 
this volume control to the grid of 
the 6J7G through the .01 mfd, con-
denser.  The 6.17G is connected 
as a pentode audio amplifier, the 
component values being those re-
commended for this class of opera-
tion.  Decoupling has also been 
provided in the plate circuits by 
means of the .02 meg. resistor and 
mfd. condenser, to prevent any 

possibility of hum troubles, which 
are  sometimes found in a high 
gain audio stage. The output stage 
is a 6V6GT and except for the out-
put transformer, this stage calls 
for little comment. 

The top chassis layout can be seen in this photograph.  The circuit progresses 
across the front of the chassis, with the power supply and output transformer 

, being mounted along the rear edge. 
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TRANSFORMERS , . BY FERGUSON! 

FOR OPTIMUM RESULTS SPECIFY THE  FOLLO WING  HIGH-QUALITY  FERGUSON 
COMPONENTS FOR THE "HIGH-QUALITY  DUAL-WAVE RECEIVER"  DESCRIBED  IN 

THIS ISSUE OF "RADIO SCIENCE" 

C30/80 Filter Choke Standard 

Vertical  Mounting,  crackle 

black finish. 30 henry Induct. 

Code No CF 104 

P80/285v. Power Transformer 
Standard Vertical  Mounting 
in  crackle  black  finish. 
Primary  winding,  200/240v. 
Secondary, 285v. 
HT, 2-6.3 v. and 1-5.0 winding. 
Code No. PF 170. 

OP24 Output Transformer. For use 
with a single 6V6GT output valve, 
and specially designed to give a 
wide  frequency  response.  Has 
special feedback winding for use 
in tone control circuit.  Available 
for both 2.2 and 6.5 ohm VC. 

NEW RELEASE —A range of heavy duty power transformers developed for large receiver 

applications  is now available, together with suitable filter chokes. 

Write or call on your nearest retailer for a leaflet describing this range of transformers. 

LABORATORY SERVICE TO MANUFACTURERS 

or  amplifier 

The Ferguson Laboratory is continually engaged in research for the improvement and advancement in the 

transformer and electronic field.  This Laboratory together with its technical staff is available to assist 

manufacturers with their transformer problems. 

FERGUSONS TRANSFORMERS  PLZ 

12 McMAHON STREET, WILLOUGHBY 

Procurable from any wholesale house in all States, including Tasmania. If you have any trouble 

obtaining supplies write to us direct and we will forward a list of suppliers. 

Factory Representatives: 

N.S.W.: ELECTRONIC INDUSTRIES IMPORTS.  QLD.: ELECTRONIC INDUSTRIES IMPORTS. 

VIC.: ELECTRONIC INDUSTRIES IMPORTS.  STII. AUST.: APEX AGENCIES. 

W.A.: ATKINS (W.A.) LTD., CARLYLE & CO. LTD: 
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24C a.e. 

Using modern high gain valves, this receiver will give exce lient results on both radio and gramophone pick-up.  Main 
feature of the circuit is the inclusion of the special tone c ontrol arrangement and feedback circuit which results in a 

high-quality output from a single PA valve. 

Radiogram Switch 
To enable the receiver to be 

switched from RADIO to PICK-UP 
and vice versa, a radiogram switch, 
consisting of a miniature 4-pole 
two-position rotary switch is fitted 
on the front of the chassis.  The 
connections to this should be made 
as  indicated  in  the  schematic 
diagram.  As can be seen, the 
screen dropping resistor for the 
ECH35 and EBF35 valves is con-
nected through one switch section, 
enabling  the  screen  voltage  on 
these  two valves to  be  discon-
nected when the receiver is being 
used with the pick-up.  This ar-
rangement prevents any possibility 
of the radio signal being heard at 
the same time as the gramophone 
unit. 

BABEL "B̂  

PINS 1,2 
3 T/cON. 

PIN 2 
TONE CG:..  L _  _ _ 

IN 1&5 
• 41. 4 

ONE CON,  _25  M— 

TO YELL" 
I Fin GA, 
TRANS. 

TO TONE 
CONTROL s 
W7G OATH 

The  connections  to  panel  "B"  are 
shown in this diagra m. 

The .5 meg. volume control is 
connected  across  the  second 
switch section, enabling its use on 
both gramo and radio, whilst the 
third section permits the earthing 
of the negative feed-back line on 
the short-wave band.  Since gain 
is usually moré important than 
quality on this band, it is advan-
tageous to short out this circuit 
when listening  to  overseas  sta-
tions. 
The tone control circuit is simi-

lar to that used and described in 
the May issue, but for those who 

may not be able to refer to this 
issue  the  following  details  will 
clarify its use and operation.  Re-
ference to the circuit diagram will 
show that the output transformer 
(a Ferguson 0P24) has a separate 
feed-back winding, and the feed-
back loop is taken into the cathode 
circuit of the 6J7G with a result-
ant reduction of the total harmonic 
distortion.  This negative feedback 
loop is also taken through the five 
position 2-pole switch, and forms 
an effective tone control arrange-
ment. 

PARTS LIST 
1 Chassis. (HQ,D/ WR) 
1 2-Gang Tuning Condenser. 
1 Tuning Dial to suit. 
1 Aerial,  1  Oscillator 

(B/C and S/ W). 
455 I.F.T.'s. 
Power  Transformer, 
HT,  80  ma.,  6.3v. 
windings. 

1 Filter Choke, 80ma. 
1 Output  Transformer 

• guson OP24). 
4 Air Trimmers. 

CONDENSERS. 
3 S mfd. Electrolytic, 525v. 
2 25 mfd. Electrolytic, 40v. 
1 .25 mfd. Tubular, 200v. 
5 .1 mfd. Tubular, 200v. 
5 .05 mfd. Tubular, 600v. 
1 .02 mfd. Tubular 400v. 
1 .01 mfd. Tubular, 600v. 
1 .005 mfd. Mica. 
1 .000425 mfd. Mica. 
4 • .0001 mfd. mica. 

RESISTORS. 
1 1.5 meg., 1 watt. 

1 

Coil  1 

2 
285v.  1 
; 5.0  1 

1 
1 

(Fer-  1 
1 

3 1.0 meg., 1 watt. 
1 .5 meg., 1 watt. 
1 .25 meg., 1 watt. 
.1 meg., 1 watt. 
.05 meg.,  watt. 
.03 meg., 1 watt. 
.02 meg., 1 watt. 
.01 meg., 1 watt. 
2500 ohm, 1 watt. 
2000 ohm, 1 watt. 
250 ohm, 3 watt W W. 
200 ohm, 3 watt W W. 

1 .5 meg. potentiometer. 

VALVES -1 ECH35, 1 EBF35, 
1 6J7G, 1 6V6GT, 1 5Y3GT 

SPEAKER —Permag. type. 
SUNDRIES -5 octal 'sockets, 1 

4-pin  speaker  socket,  5 
knobs, 4 terminals, 1 6 
2 switch, 1 2-pole 5 PP& 
switch, 1 4-pole 2 position 
switch,  4 small  rubber 
grommets, 1 valve shield, 
Indicator  knob  ca rd 
(I.R.P -130 19) 



Do You Know 
That . . . 

Follow the lead of 

many  Brand  Line 

Receiver  Manufac-

turers and  specify 

"VEGA'  Coils and 

I.F.  Transformers. 

I.F's are Litz Wire 

wound, and proper 

use of Ferro- mag-

netic  Iron  Dust 

Cores  and  pots. 

specially  designed 

for  the  purpose. 

plus Polystrene in-

sulation,  makes 

each "VEGA" pro-

duct —as the na me 

suggests —  a very 

bright star of the 

first  magnitude. 

Therefore,  insist 

on  and  demand 

"V E G A - Radio 

products for initial 

equip ment,  home 

construction  and 

replacement pur- REAR VIE W OF THE HIGH-QUALITY D W  RECEIVER AS DESCRIBED 

poses. 

"VEGA" 
TRANSFORMERS 8« COILS 

ARE M ANUFACTURED 

By Australia's Foremost 
Radio Component Designers! 

OBTAINABLE FROM ALL 

DISTRIBUTORS. 

IN THE AU GUST  ISSUE OF THIS JOURNAL BY THE EDITOR. 

If your regular supplier cannot fulfill your 

requirements, drop us a line mentioning 

his na me and address. 

TELECOMPONENTS PTY. LTD. 
SYDNEY, N.S. W. 

Associated with 

CRANCH PRODUCTS 

& TRADING CO. 
17 BON D ST., SYDNEY, N.S. W. 

Phone: BU 3879 

111. e çe l  
.Vz RADIO 

PRODUCTS 

"VEGA - Coils 
and  I.F.  Trans-
formers  have 
been designed by 
specialists to give 
(and  maintain) 
the highest prac-
tical working *Q . 
for  standard  re-
quirements  and. 
therefore,  opti-
mu m  results. 
Also,  where  re-
quired,  a 'Q'  of 
200, or more, may 
be obtained. 

All "VEGA" com-
ponents are com-
pletely  "tropic 
proof'  and  im - 
pervious to cli m-
atic changes. 

RANGE 
INCLUDES 

I.F. Transformers 
Standard  and 
Miniature 

Coils —Broadcast 
Standard  and 
M in iatu re 

Coils —Short 
Wave 

Standard  and 
Miniature 

Coils —Dual Wave 
Tuning Units. 
etc. 

MAIL THIS TO-DAY 

Please  place  my  na me on your 

mailing  list  for  free  issues  of 

"VEGA" Technical Ne ws and Data 

Sheets. 

NA ME   

A DDRESS   

fl/S. 
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This switch provides the choice 
of  five  positions — Wide  Range, 
Bass, Normal, Speech and Over-
seas.  The connections should not 
prove difficult and to assist in this 
regard, it will be noticed that the 
switch positions shave been num-
bered from 1 to 5, looking at the 
switch from the rear. 

Switch Connections 
Taking  the  lower  bank  first, 

pins 1, 2 and 4 are wired together 
and  connected  to  the  "yellow" 
lead from the output transformer 
through a .01 meg. resistor.  The 
two remaining ewitch positions on 
this section are left blank. 
In the upper section, Pins 1 and 

à are connected together, with a 
0.25  mfd.  condenser,  being con-
nected from this point to earth. 
Pin 4 is taken to the feedback, 
winding through the .02 mfd. con-
denser and 2500 ohm resistor in 
'series.  These  components,  inci-
dentally, are mounted as shown on 
the small panel marked "B." 
Next, the two moving arms of 

the switch are wired together and 
connected across Pins 1, 2 and 3 
of the lower section through a .05 
meg. resistor and 0.1 mfd. con-
denser in series.  A lead from the 
moving arm is also taken to the 
junction of the 2000 and 300 ohm 
resistor's in the 6J7G cathode cor-
cult, as well as to the shorting 
switch,  to  earth  the  feedback 
when the receiver is operated on 
the SW bands. 

TO .F. 
IFT(2) 

GRID 
6J7G 

CATHODE 
6J7G 

SCREEN 
6J7G 

PLATE 
627G 

FANE. •A• 

25 

250 

TO R/GitAr4 
SW1 TCH 

TU CT VOL 
coNtaa 

TO TONE 
CONTROL 

TO .02 MEG 
RESISTOR 

GRID 
6960 

CATHODE 
676G. 

This diagra m shows how to wire up 
panel  "A."  Make sure the various 
leads are left long enough for con-
necting to the valve so -ket..  Com-
ponents marked with a dotted line are 
fitted on the reverse side of the panel. 
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The position of most components can be seen in this under-chassis photograph. 
Panel "A" is mounted along the left-hand chassis side, whilst panel "B - is 

at the lower right corner. 

The operation of the switch is 
simple enough once the various 
circuits are traced through.  Com-
mencing with position No. 3, which 
is the normal position, it will be 
seen that the feedback winding is 
connected through the 0.01 meg. 
feedback resistor direct to the 300 
ohm resistor in the cathode cir-
cuit of the 6J7G.  Under these con-
ditions, there is approx. 12 db of 
feedback and the frequency range 
using a 1 watt reference level is 
from 30 to 15000 cps. within plus 
or minus 0.5 db. 
Moving the control to position 

4—Bass Boost —this basic circuit is 
now modified by the inclusion of 
the 0.05 meg. resistor and the 0.1 
mfd. condenser in series with the 
0.1 meg. feedback resistor.  This 
gives  a bass  bsiost  of approxi-
mately 3 db below the reference 
level of 400 cps.,  down  to the 
speaker  cone  resonance  after 
which the effect rapidly falls off. 
In position 5, the Wide Range 

position, the  previous  circuit is 
simply changed by the inclusion of 
the 0.25 mfd. condenser across the 
cathode bias resistor, thus effect-
ively by-passing it, and increasing 
the high frequency response.  Re-
verting to position 2, the Overseas 
position, the .01 -meg. feedback re-
sistor is now shunted by the 2500 
ohm resistor and the .01 mfd. con-
denser in series.  This results in 
a high note cut.  The remaining 
position is for speech and this is 
basically  similar  to  the  normal 
position, except that now the 0.25 
mfd. condenser is connected across 
the 300 ohm cathode resistor. 

The leads from the output trans-
former are colour coded, and these 
should be wired into the circuit as 
shown to obtain the correct phas-
ing.  With the feedback winding 
the black lead is earthed, whilst 
the yellow lead is the feedback 
connection.  The voice coil leads 
are obtained by twisting the two 
red leads and the two black leads 
respectively  together,  and  these 
are  connected  to  the  four  pin 
'speaker socket  mounted on the 
back  of the  chassis.  The two 
black leads should be earthed at 
a convenient point. 

Mounting the Components 
A ready-cut chassis is now avail-

able for this receiver, and this will 
simplify  the  home  constructor's 
assembly problem.  The position 
of most component's can be seen 
from the various photographs, and 
in  each  case  these  should  be 
mounted  so  as  to  ensure  the 
shortest possible leads between the 
circuits. 

The  two  broadcast  coils  are 
mounted on the left-hand side of 
the  chassis  (looking  from  the 
rear), with the ECH35 converter 
immediately adjacent. The circuit 
then progresses across the front 
of the chassis, with the two 
and the EBF35 being mounted on 
the right-hand  side.  The 6J7G, 
6V6GT and 5Y3GT are mounted 
along the right-hand chassis edge, 
whilst  the  power  transformer, 
.filter choke and output transformer 
are all mounted across the back 
edge of the chassis. 
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The  tuning  gang  is  mounted 
centrally  on  the  chassis,  using 
rubber grommetts.  To provide an 
efficient earthing return, make sure 
the gang wipers are connected to 
the chassis as near as possible to 
the AVC return.  This is especi-
ally important as regards opera-
tion  on  the  short-wave  band, 
otherwise  undesirable  coupling 
effects may take place. 

To simplify the wiring up it will 
be noticed that many of the com-
ponents, especially those in the 
audio  section, and  tone  control 
circuit have been mounted on two 
resistor  panel  strips.  One  of 
these, marked "A," is bolted on 
the left-hand side of the chassis, 
whilst the smaller one, "B," is 
mounted at the lower right-hand 
side as shown in the under-chassis 
photograph.  The two small draw-
ings indicate how the various con-
densors and resistors should be 
wired up, those marked in a broken 
line being placed on the opposite 
side of the resistor strip. 

It will be noticed that the two 
lugs at the end of the small panel 
"B" has been used as a conveni-
ent mounting spot for the two AC 
leads from the mains, as well as 
those from the transformer.  In 
mounting these panels, make *sure 
they are kept sufficiently clear of 
the chassis or any other metal so 
as to avoid any possibility of short 
circuits. 

Dual Wave Unit 
Although a standard 4/5 dual 

wave unit could be fitted in the 
tuning section of the receiver, we 
have preferred in this case to use 
the separate broadcast and  SW 
coils, and wire them to a suitable 
switch.  It will be found that this 
is not a particularly difficult under-
taking,  and  providing  care  is 
taken with the leads there is no 
reason  why  the  performance 
should not be equal to that of the 
ready-wired units. 

All that is required is an aerial 
and oscillator coil for the broad-
cast and short wave band (make 
sure this latter coverage suits the 
dial markings) and a 6-pole two-
position switch.  In the original 
receiver we used the "Vega" type 
coils,  which  are  now  becoming 
available for the home set con-
structor,  and  found  them  quite 
satisfactory in operation. 

The switch consists of six sec-
tions, each comprising a moving 
arm and two fixed contacts.  By 
connecting the Aerial, Grid, Ose. 
Grid and Ose. Plate circuits to a 
moving  arm,  and  wiring  the 
respective leads from the broad-
cast and SW coils to the fixed con-
tacts, it will be seen that the re-
ceiver can be switched to either 
band.  Some of the leads, like 
common earth, AVC, pander and 

Ose. B plus leads, do not require 
switching,  and  these  should  be 
connected up as shown on the 
schematic diagram. 

Trimmers must be fitted across 
each coil to enable the circuits to 
be aligned.  The two air trimmers 
for the broadcast coils are mounted 
immediately- below the two coils 
on the side of the chassis, whilst 
the  short  wave  trimmers  are 
mounted across the respective coil 
right at the switch bank. 

After the wiring has been com-
pleted and checked over the only 
other step is to align the tuned 
circuits.  Although the procedure 
for this has been mentioned in 
previous issues, the following re-
marks should be of assistance to 
many. 

Alignment Procedure 

First tune in a station at the 
high frequency end of the broad-
cast band and adjust the aerial 
trimmer for maximum output. Next 
tune in a station at the low fre-
quncy end of the band and adjust 
the aerial coil slug for maximum 
output.  Loosen off the dial drum, 
and adjust the pointer to register 
correctly on a known station.  Re. 
tighten the drum screw. 

Retune the receiver to a known 
station at the high frequency end 
of the band and position it cor-
rectly by means of the oscillator 
trimmer.  Check the aerial trim-
mer and repeat the low frequency 
adjustment. 

The  alignment  on  the  short 
wave band is carried out in a 
similar manner,  using the trim-
mers for the high frequency end 
of the band, and adjusting the 
aerial coil slug at the low fre-
quency end.  If the coils, tuning 
condenser and dial are matched, 
the 'stations should be received at 
the positions indicated on the dial 
glass. 

Index for Volume 1 
in response to many requests, 

an  index of all  the  material 
which  appeared  in  RA DI O 
SCIENCE, Vol. 1, February to 
December, 1948, is now avail-
able. 
Printed  on  a good  quality 

paper, the price of this index is 
6c1., post free, and can be ob. 
tam ed by writing to the Sub-
scription Dept., Box 5047, G.P.O., 
Sydney.  In view of the limited 
number of copies printed, we 
would suggest you write off im-
mediately  for  this  copy  and 
avoid disappointment. 

The Multi-Purpose Speaker 
Suitable for Consoles, Combinettes, 
Multi-Speaker or P.A. Systems, Bat-
tery Portables, Car Radios. 
Unique design saves space, but per-
mits 8in. performance and frequency 
response.  Alico 5 magnet.  Trans-
formers 5,000, 7,000, 10,000, 15,000 
ohms.  Undistorted Output 10 watts. 

Price £2/12/6 each 
From Radio Suppliers Everywhere. 

Amphon (A'asia) Pty. Ltd. 
36-40 PARRAMATTA ROAD, 

CAMPERDOWN 

Checking Crystal Frequency 

With many types of crystals now 

becoming  available  through  dis-
posal and other sources the follow-
ing simplified method of determin-

ir!..g the frequency of an unmarked 
Is:fetal should be of interest to all 
experimenters. 

Simply connect the crystal in 

series between a signal generator 
and a V.T. Voltmeter.  Set the 

VTVM to the three-volt range and 

tune the signal generator over its 

frequency range.  The meter read-
ing will remain very low until the 

resonant frequency of the crystal 

is reached, when it will move up 
sharply. 

Reading the dial of the signal 
generator will then indicate the 

frequency of the crystal, although 

for greater accuracy it may be 

necessary to recheck with a fre-
quency meter. 
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PRINTED  CIRCUIT 
Techniques 

In this second article of the series, details are given 
the surface preparation and methods of applying 

various conductor paints. 

for 
the 

C. -RESISTOR PAINTS 
The resistor paint consists of the 

conducting pigments (such as car-
bon black or powdered graphite in 
carbon resistors or a metallic salt 
in résistors of the metal film type), 
a binder (such as phenolic resin in 
solution), a filler (such as mineral-
ite) and a solvent (such as alco-
hol). These ingredients are varied 
in proportion to produce resistan-
ces varying in value from a few 
ohms to hundred of megohms. 

They  usually  are  printed  in 
widths from 3/64in. to 3/32in. and 
in lengths from 1/81n. to 3/Sin. 

In the present state of the art 
it is not feasible to present a set 
of resistor paint formulations that 
one may use without special atten-
tion in the laboratory.  Resistors 
may be painted readily only after 
careful practice.  A paint formula 
that is successful to one experi-
menter may not work well for an-
other because of the manner in 
which the ingredients are mixed, 
the quality of the ingredients, the 
amount of evaporation of 'solvent 
prior to application on any number 
of other small but important fac-
tors. However, the data of table 3 
are presented as a compilation of 
formulas used to print resistors of 
the values indicated. 

— There is need for additional ex-
perimental work in developing im-
proved methods of printing resis-
tors and in clarifying the theory of 
resistor composition and perform-
ance. This i's especially true with 
carbon resistors.  At the present 
time the best resistor mixes are 
considered to be those in which the 
conducting  element  is predomi-
nantly or entirely carbon black dis-
persed in a suitable resin.  How-
ever, carbon black is high in resis-

(9. Carbon black here is interpreted 
to mean carbon produced by imping-
ing the flame of hydrocarbon gas on a 
metal surface such as a plate or chan-
nel.  Also known as channel black, 
gas black or impingement black.) 
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tivity so that it has been necessary 
to add acetylene black or graphite 
to bring the average value within 
practical limits. There are many 
types of carbon black, each charac-
terised by particle size, particle ar-
rangement, the type of gas used in 

its manufacture and its impurities, 
particularly surface impurities. 
Current knowledge points to the 

use of carbon blacks of relatively 
small size for resistor paints, those 
of particle diameter in the range 
20 to 50 Mp.  The carbon black 

Fig.  1.—Preparation  of stencilled  screen.  (A)  Screen  coated  with  photo-
sensitive material is exposed to strong light through a photographic positive 
of circuit pattern; (B) Stencil screen before and after pattern is applied photo-
graphically. 

Fig. 2.—Stencilling Operations. (A) Retractible stencil holder for applying paint 
to insulated plate.  Holder moves forward and down over plate held in platen. 
plate shown has just been removed from platen; (B) application of paint 
through stencilled screen.  A single smooth stroke of the squeegee is required. 
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TABLE 3.  Reninlor paint farm ultvi 

[All percentages are by weights 

Approximate resistance Approximate thickness. Pigment Binder Solvent 
Procese 
hut tem-
perature 

_ 

Ohms In. C. 
1,000   0.003_   38% Graphite.  62% Silicone resin    62% Silicone resin   27! 

2,000   003   
13% Carbon black   
127% Graphite   

PO% Silicone resin   27: 

5,000  ,   .003   
1'4% Carbon black   
110% Graphite   77% Silicone resin._ 

27 

25,000  , .003   
J12% Carbon black  .  
138 % Grap hite 17% Phenolic resin   33% Phenolic resin thinner..... 17! 

25,000 to 50,1110   .0015 to 0.003 7% Carbon black   72% Silicone resin   21% Benzene   27: 
25,000 to 50,000   .0015 to 0.003    4%-Carbon black    4%-Carbon black   74% Silicone resin   22% Benzene   27! 

45,000--10 megohms_.._._ .001 to 0.004   
112% Carbon black   
127% Graphite   

120%  Crystall ite   112% Toluene  •   
129% Ethylene dich/oride   } 

5( 

50,000-10 megohms_ .. _ .001 to 0.004  . - - -- Ill% Carbon black   
123e0 Graphite   10(1%.F.thyl c211ulose lacquer.   

 5( 

' --

• All Resistors were approximately 0.10 in wide and 040 in. long 

should have its surface impurities, 
principally oxygen, removed by cal-
cining.  This is done by heating to 
a temperature  of  approximately 
1050 deg. C. for 4 hours, preferably 
in a nitrogen atmosphere.  The 
oxygen concentration is reduced to 
a limit of about one-half of 1 per 
cent. 

After calcining the carbon black, 
it is best to disperse it In the 
binder by ball milling, using, for 
example, flint balls.  The 'size and 
density of the balls and the speed 
of the mill are all important fac-
tors in this operation.  The disper-
sion may be checked by measuring 
the  resistance  that  decreases 
asymptotically with time as the 
milling proceeds. 

When the resistance has reached 
a minimum, the milling should be 
stopped.  A good ball milling tech-
nique applied for 12 hours usually 
assures adequate dispersion of the 
carbon in the resin.  The resin 
plays an important part in the dis-
persion and considerable practice 
has been necessary to determine 
the best type of resin to use. It 
must have good solvent release. 

2.-SURFACE 
PREPARATION 

The insulating surface on which 
the circuits are to be printed may 
first have to be treated to improve 
the adhesion.  The methods de-
scribed herein are adaptable to all 
of the printing processes. 
Adhesion to methyl methacrylate 

(Lucite, Plexiglass, etc.) may be 
increased by roughening the sur-
face as by sand blasting. Roughen-
ing produces a minute granular. 
surface to which better mechanical 
bonding may be had.  When this 
is done, however, the surface be-
comes  porous  and  the  internal 
strength of the plastic may be re-
duced, causing the plate to buckle. 
In  such  instances,  precautions 
1:hould be taken to coat the sur-

face after printing the circuit. 
Glass surfaces may be prepared 

by etching with hydrofluoric acid 
fumes or sand' blasting.  Etching 
may also be used, if necessary, on 
glazed ceramic materials.  Glass 
may be sand blasted or sprayed 
with  other  abrasive  materials. 
Usually, suitable protective sten-
cils or coatings are used to confine 
the roughening to that portion of 

• For leading makere 

• radio, communications and mdus 

electrical equipment throughout the w . 

IRC makes telisrots of more different typed and 

for à wider aariety  of applicattons than any 

manufacturer, 

the surface occupied by the circuit. 
The next step is to make sure 

that the surface is absolutely clean, 
for the bonding or adhesion may 
be weakened considerably by the 
presence of impurities.  The im-
purities prevent direct contact be-
tween metal and surface, and are 
a poor or useless base on which to 
form the circuit.  The problem of 
cleaning is not difficult, and cus-
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tomary procedure may be followed, 
using  standard  cleaning  materi-
als" T.  In  selecting  the  chemi-
cals, it is important to consider the 
type of surface being cleaned.  A 
material  suitable  for  glass,  for 
example, might . produce undesir-
able effects if tried on plastics. 
On hard surfaced material such 

as glass and ceramics, after wash-
ing the surface with water follow-
ing by a rinsing with a suitable 
detergent,  the  surface  may  be 
swabbed with a dilute solution of 
nitric acid. If soap is used as the 
detergent, it should be rinsed off 
well with distilled water.  Deter-
gents Such as aerosol are preferred 
because they form water soluble 
compounds with magnesium and 
calcium solids commonly found in 
tap water". 

If the cleansing is carried out 
thoroughly, one operation should 
be sufficient.  If desired, one may 
follow with a second operation by 
treating the surface with a dilute 
solution of potassium hydroxide". 
The  second  operation,  corn-
monly followed in silvering mir-
rors,  may  not  be  necessary in 
printing electronic circuits. Glazed 
surfaces  may  be  cleansed  of 
paraffin  and  carbonised  organic 
materials by using a mixture of 
chromic and sulphuric acid. In stub-
born cases, the material may be 
placed in the solution and heated 
slightly. 

(10. Dr.  Carl  Bosh,  of  Heidelberg, 
Germany, has described a procedure 
for cleaning glass, which is very good. 
He washes the glass with a potassium 
nitrate and sulphuric-acid solution. In 
this way, any chemical action taking 
place  results  principally  in  gaseous 
products which evaporate.  Then fol-
lows a hot—water dip after which a 
blast of steam is played on the sur-
face.  The surface is dried while still 
hot in a water-vapour atmosphere. It 
dries  instantaneously  without  form-
ing minute water droplets, which on 
drying might leave nonuniform traces 
of materials dissolved in the water.) 

Fig. 4. —Press for printing electronic 
circuits. 

Fig. 3. —Stages in the printing of an electronic circuit onto a steatite plate. 
(A) Steatite plate after drilling and firing.  (B) Circuit wiring deposited. (C) 
Resistor Strips added.  (0)  Miniature valves soldered direct to wiring com• 
pleting a two-stage amplifier. 

Thermoplastic's such as Lucite or 
Plexiglas may be cleansed with a 
dilute solution of tri-sodium phos-
phate, then rinsed in water and 
dried to remove any oil.  For cer 
tain types of plastics, such as the 
phenolics,  the  surface  may  be 
cleansed  with  ordinary  carbon 
tetrachloride,  followed  by  swab-
bing with a very dilute solution of 
potassium  hydroxide  or  warm 
chromic acid.  In one practice, this 
is followed with a quick dip in a 
strong  caustic  soda  solution  or 
nitric acid. 

3.-APPLICATION OF 
CONDUCTOR PAINTS 
A. —CIRCUIT DESIGN 

In many applications the arrange-
ment of the circuit can be chosen 
in any convenient manner.  The 
circuit may be painted in the same 
way it would be drawn on paper. 
Eyelets would be placed where the 
tube  elements  are  later  to  be 
attached. It will generally be found 
more convenient and economical, 
however, to lay out the printed cir-
cuit in such a way as to keep the 
length of leads to a minimum and 
to avoid cross-overs.  Cross-overs 
are handled by going through the 
base plate and continuing on the 
opposite side, by going around the 
edge, or by cementing or spraying 
a thin layer of insulating material 
over the lead crossed. 

It is  important  to  emphasise 
that observation of kood electronic 
wiring practice is as essential to 
the successful design of printed 

circuits as it is in standard cir-
cuits.  In printed circuits the parts 
are usually placed closer to each 
other so that caution must be exer-
cised to see that the components 
do not affect each other adversely 
while one circuit is in operation. 
In one experience poor perform-

ance of a printed oscillator in the 
150 megacycle range was traced to 
excessive  grid-ground  capacity, 
resulting from excess silver in a 
groove of the base plate.  The 
heavy silver deposit in the groove 
being at ground potential and also 
near  the  grid  terminal  of  the 
oscillator tube by-passed the RF 
current from the  tank inductor. 
Reducing the width and depth of 
the silver line restored the electri-
cal performance to normal. 

Proper attention to circuit lay-
out may produce many desirable 
advantages, such as the electro-
static shielding of leads from one 
another.  A ground lead painted 
between two other leads acts as an 
electrostatic shield in a manner 
similar to the screen in a screen 
grid tube.  This effect has been 
used to good advantage in provid-
ing hum reduction  by  shielding 
grid leads from the filament leads. 

B.--BRUSHING 
The paint may be applied to the 

surface in any one of a number of 
ways, depending upon the type of 
apparatus available and the electri-
cal  tolerances  required.  When 
close electrical tolerances are not 
needed, the paint may be simply 
brushed on. 
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Fig. 5.—Loop antenna printed on a 
plastic sheet. 

For brushing, an ordinary soft 
camel hair brush may be used. 
After the paint is stirred and the 
viscosity adjusted, it is applied in 
smooth, even stroke's, care being 
taken to avoid air bubbles or films 
between the plate and the paint, 
or other imperfections that ulti-
mately might result in blisters or 
cracks in the paint. 
If the conductors are to be held 

to  close  dimensional  tolerances, 
more care is necessary in applying 
the paint so as to maintain the 
necessary degree of uniformity be-
tween assemblies. There are, how-
ever, a large number of radio and 
electronic applications where, ex-
cept for a few components, close 
tolerances  in  current -carrying 
capacity are not needed, nor is 
exact electrical duplication of sub-
sequent assemblies important. 

C. —STENCILLING 

(a) Stencil Material 
The simplest stencil is one in 

which the pattern is cut from a 
thin 'sheet of metal, plastic, paper, 
or cloth and the paint applied in 
a manner similar to that in which 
commercial packages are labelled. 
Uses of this type of stencil are 
limited. 
Electronic assemblies for hearing 

aids, radios, etc., are produced uni-
formly at high rates of speed by 
using a thin screened stencil made 
of cloth or metal.  The higher the 
quality of the screen and the finer 
the weave, the greater the uni-
formity in production.  By employ-
ing a finer mesh, the edges are 
more 'sharply defined and the varia-
tion from assembly to assembly 
will be reduced. 
Screens made of silk have found 

wide use in printed circuits work. 
Metals screens have also worked 
out  satisfactorily,  and  in  many 
cases have proven more practical 
than silk screens.  They are pre-
pared by the 'same process as silk 
screens. Either stainless steel, cop-

per,  phosphor-bronze  or  similar 
materials may be used. 

It should  be  possible  to  use 
screens made of glass mash.  The 
mesh size usually used varies from 
around 74 to 200 mesh".  Stainless 
steel screens of 300 mesh have 
been used to print silver leads. 
With screens of 120 mesh, it is 
practicable to print resistors of 
-±20 per cent. tolerance or better. 

Separate stencils are used for 
the conductors and resistors, and 
in addition, stencils are often used 
for preparing the plate, that is, for 
cleaning and roughening, and for 
applying protective resin cQatings 
to resistors and inductors. 

(11. Mesh classifications are: 6xx, 
74 mesh; 8xx, 86 mesh; 10xx, 109 
mesh; 12xx, 125 mesh; 14xx, 139 mesh; 
16xx 157 mesh.) 
(12.. Metal, plastic or other types of 

frames may be employed.) 

(b) Preparation of Stencils 
The  screen  is  prepared  by 

stretching it tightly over a wooden-Li 
frame.  A photographic method is 
used to impart the circuit design to 
it. The screen is coated with a thin 
film of material such as gelatin or 
polyvinyl alcohol and photosensi-
tized with potassium dichromate". 
When subjected to strong ultra-
violet light the film becomes in-
soluble in water. 

To impart the stencil pattern to 
the film, a photographic positive 
of  the  pattern  desired  is held 
tightly  against  the  'sensitized 
screen and exposed to light as in 
Fig. 1.  Those parts of the film 
which are not exposed to the light 
are water soluble and wash out in 
cold water, leaving the design of 
the pattern to be printed. 

(Continued on page 39) 

RADIO  RETAILERS 

RE MINDER 
Section 100 of the Australian Broad-
casting Act requires that . . . 

(1) Any Vendor of appli-
ances capable of being used 
for the reception of broadcast 
programmes shall, within seven 
days after the end of each 
month, supply to the Superin-
tendent, Wireless Branch, 
Postmaster-General's Depart-
ment, or to such officer as is 
prescribed, in the State in 
which the vendor carries on 
business, the name and address 
of each person to whom, dur-
ing the month, he sold, hired, 
lent, leased, or otherwise dis-
posed of any such appliance. 

The co-operation extended by the Radio 
trade to the Postmaster-General's Depart-
ment is greatly appreciated.  The Post 
Office looks forward to a continuance of 
that happy relationship. 

À•M Me. 

WLV2/62/79 _ 
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Basic Electricity & Magnetism 
A further discussion on capacitors in which the mechanical 
forces involved in charged capacitors, as well as the 
difference between conductors and non-conductors, are 
dealt with in some detail. Some typical problems are also 

included to test your knowledge of the subject. 

An electric field has two basic 
characteristics; it can electrically 
strain the medium supporting it 
and it can set up mechanical forces 
between bodies placed in it.  The 
electric field established between 
the plates of a charged capacitor 
not only strains the dielectric sepa-
rating the plates; it also produces 
a mechanical force of attraction 
between  the  plates  themselves. 
This force exists because, basically, 
the plates are bodies in an electric 
field, one being negatively charged, 
and the other positively charged. 

The magnitude of this attractive 
force depends on the strength of 
the field, which, in turn, is depen-
dent on the p.d. between, and the 
capacitance of, the plates.  This 
basic  relationship  provides  a 
means for deriving an expression 
for calculating the magnitude of 
the force tending to compress the 
dielectric between the platea. 

We have seen that when a capa-
citor is charged, the energy stored 
in it is given by, 

W  = CE2 joules  ...9.1 

2 
but, C, you will remember, can be 
written as, 

C== KA  

47rt 
and when we substitute this value 
for C, in expression 9.1 we get, 

W  KAE2 joules  ...9.3 

877t 

Expression 9.3 is identical with 
9.1, the only difference being that 
In 9.3 the energy W, in joules, is 
expressed in terms of the p.d. E, 
between the plates, the area A, of 

Fig.  1.—This diagram  illustrates the 
effect  of  transverse  forces  in  a 
capacitor. 

the plates, the dielectric constant 
K, of the material separating them, 
and the distance t between them. 

Since the energy stored is equal 
to the work done in storing it, and 
work  done,  in  the  mechanical 
sense, is a product of force and 
distance, we can write, 

W --= F t joules  ...9.4 
and putting this value for W in the 
expression 9.3, we get 

F t = KAE2 joules  ...9.5 

87rt 

and dividing both side's of 9.4 by 
t we finally have 

F  KAE2 dynes  ...9.6 

877t2 

The force F is -given in dynes in 
9M when E is expressed in e.s.u. or 
electro-static units.  There are 300 
volts in one e.s.u. of potential dif-
ference, so that, if we want to ex-
press E in volts, we must divide 
9.6 by (300)2 or 9 x 104. Also a 
pouhd weight is nearly equivalent 
to 445,000 dynes. 

By 
A. L. THORRINGTOK 

A.S.T.C. 
M OV W W W W W.une W W W W W V W, W W W 

To express the force in lbs. when 
E is expressed in volts we must 
divide 9.6 by the product of (300)2 
and 445,000.  If we include in this 
divisor the factor 877 we finally get 
the practical expression, 

F = KAE2 lbs. (very nearly) ...9.7 

1012t2 

In most cases 'the magnitude of 
the forces involved when a capaci-
tor is charged Is too minute to 
warrant their calculation.  How-
ever, in the final stages of powerful 
transmitters, potentials often rise 
to values which mechanically stress 
the  dielectric  of the  capacitors 
used to a dangerous degree. 

As a practical example, consider 
a ease where the instantaneous 
value of the p.d. across a capacitor 

Fig. 2. —In non-conductors, the elec-
trons  encircling  the  nucleus  of the 
atoms are restrained to their normal 
paths. 

is 50,000 volts, and suppose the 
dielectric is mica 0.005" thick and 
has a dielectric constant of 8. Let 
the active plate area be 50 sq. ins. 
Then, in accordance with Equation 
9.7, the force in tons will be, 

F = 8 x 50 x 25 x 10° 

1012 x (.005) 2 x 2240 
= 18 tons (nearly) 

In practice, of course, the dielec-
tric would have to be a lot thicker 
than 0.005in., but this value has 
been deliberately chosen so as to 
emphasise how necessary it is to 
use capacitors of sufficient physical 
strength when they are used for 
heavy duty work. Your author still 
has vivid memories of a capacitor 
be made for the tank circuit of the 
final stage of a 1,000 watt trans-
mitter.  The dielectric was plate 
glass 3/161n. thick.  With the first 
surge of r.f. the glass cracked and 
there was a spectacular display of 
sparks and smoke.  After this, the 
magnitude of the mechanical forces 
set up was very carefully calcu-
lated. 

It is important to note that the 
force in inversely proportional to 
the square of the distance between 
the platea so that if the force is 
great  enough  to  compress  the 
dielectric to half its original thick-
ness the magnitude of this crush-
ing force is increased fourfold, and 
this greater force, should it suc-
ceed in still further crushing the 
dielectric, will increase again so 
that the action is accumulative.  If 
the initial forces are able to com-
presa the dielectric at all they will 
increase in intensity until the capa-
citor fails because of mechanical 
crushing. 
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Transverse Forces 
We have so far considered only 

those forces which act in a way 
that will pull the plates of a capa-
citor together.  If we analyse the 
method we used to derive Equation 
9.7 we will see that we have actu-
ally obtained an expression which 
yields the force required to pull 
the plates apart a distance equal 
to the thickness of the dielectric 
between  them.  There  are  also 
forces which tend to stop any slid-
ing of the plates over the surface 
of the dielectric. These are called 
transverse forces. 

Figure 9-1 represents a capacitor 
in which the upper plate B is free 
to slide mechanically over the sur-
face of the dielectric.  Let the 
Itngth of this plate be x and its 
width be y, so that xy equals A, 
the area of the plate. Let the dis-
tance between the plates be t. Let 
us assume that, with the capacitor 
charged, we are able to slide the 
upper plate towards the right as 
shown,  a distance  equal to  its 
length. 

As the upper plate is slid toward 
the right, we can imagine the lines 
of electric force, representing the 

field between the plates as continu-
ally  increasing  in  length,  and, 
hence, in tension.  As we pull the 
plate  we  must  obviously  pull 
against the forces set up by the 
electric field. 

IN OUR NEXT ISSUE . . . 
Do  you  know that  current. 

does not flow; do you know that 
the term current flow is the 
most misleading ever used in 
the electrical terminology.  The 
true idea about current is intro-
duced in Part X of this series, 
which also discusses practical 
types of capacitors. 

When the upper plate has been 
pulled completely to the right, it 
has been pulled through a distance 
x against some force F so that the 
work done is, 

W  Fx  ...9.8 

The work done in dragging the 
plate to one side must clearly be 
equal to the energy stored in the 
charged capacitor.  That is :— 
Energy stored in capacitor, 

W = KAE2 (from Eq. 9.3) 

87rt 

And substituting from Eq. 9.8 we 
get, 

Fx = KAE2 

87rt 
Now, since  xy = A 
Then  x = A 

Y 
and putting this value for x in Eq. 
9.9 we have, 

FA = KAE2 ...9.9 

Y 87rt 
and  F = yKEz dynes — 9.10 

8rt 
The transverse force is thus pro-

portional to the width, y, of the 
capacitor plates, and inversely pro-
portional to the thickness of the 
dielectric. 

When y and t are each of unit 
length, Equation 9.10 reduces to, 

F = ICE, _ 9.11 

8r 
Similarly, for unit area and thick-

ness in the case of Equation 9.0 
we obtain the same expression for 
the longitudinal force as is given 
by Eq. 9.11 for the transverse force. 

The significance of this fact is 

ir 
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Fig.  3. —Under  the  influence  of  an 
electric field, the electrons shown in 
Fig. 2 are displaced from their nor-
mal orbits, the extent depending on 
the intensity and direction of the dis-
placing field. 

that  both  the  longitudinal  and 
transverse forces are the same per 
unit volume of the dielectric, and 
both act in a direction to reduce 
the volume of the field, or, what 
is the same thing, to increase the 
capacitance of the capacitor. 

It is a fundamental character-
istic of an electric field to tend to 
occupy the smallest possible space. 
Our knowledge of this tendency is 
often an aid in helping us visual-
ise the shape and intensity of an 
electric field.  Thus, a free charge 
In space must, according to this 
basic  characteristic,  establish  a 
spherical field, because a sphere 
contains more volume per unit sur-
face area than any other geometri-
cal figure.  It follows that the 
boundaries  of all  electric  fields 
follow, wherever possible the con-
tour of a sphere. 

Conductors and 
Non-Conductors 
All substances, insofar as elec-

tricity is concerned, are broadly 
classified into two groups —conduc-
tors and non-conductors.  Conduc-
tors  are  characterised  by  their 
ability to permit the flow of electric 
charges along or through them: 
non-conductors have the property 
of resisting the flow of electric 
charge.  There are no perfect con-
ductors and there are no perfect 
non-conductors. Even the best con-
ductors offer some resistance to 
the movement of charge, and no 
non-conductor can completely stop 
charges from flowing.  The terms 
are thus relative opposites. 

A good non-conductor for one 
purpose may be a satisfactory con-
ductor for another purpose and vice 
versa. In general, all metals are 
good conductors when compared 
with non-metallic substances.  Car-
bon  and  graphite  fall  between 
metals and non-metals, but have 
important applications. 

The only requirement of a good 
conductor is that it conducts elec-
tricity readily  with a minimum 
loss.  on the other hand, non-
conductors have three distinguish-
ing properties.  These properties 
are :-

1. Their dielectric constant. 
2. Their dielectric strength. 
3. Their dielectric resistivity or 

leakage. 

The Dielectric Constant 

The dielectric constant is some-
what analogous to an elasticity, 
although in the case of a non-
conductor, this is an electrical elas-
ticity, in contrast to the mechanical 
elasticity characterised by rubber 
or a stretched spring.  It is this 
elastic property of a non-conductor 
which permits it to store electrical 
energy in the form of strain energy 
when it is used as a dielectric in 
a capacitor.  To get the greatest 
capacitance  per unit volume  of 
space it is clearly necessary to use 
a non-conductor with as high as 
dielectric constant that we can get. 

The mechanism which permits a 
non-conductor to  store electrical 
energy is best explained in terms 
of the electron theory.  In non-
conductors, the electrons encircling 
the nucleus of the atoms compris-
ing the non-conductor are apparent-
ly elastically restrained to their 
normal paths, as shown In Figure 
9-2.  Under the influence of an 
electric field these electrons are 
displaced from their normal orbits 
and pursue a path in conformity 
with the intensity and direction of 
the field which displaces them. The 
distorted orbits shown in Figure 

which represents the electrons 
shown in Figure 9-2 under 'strained 

conditions, do not necessarily show 
the true paths that the electrons . 
take. 

We have already seen, when dis-
cussing the electron theory, that 
even the normal paths pursued by 
electrons are incredibly complex 
and we have no experimental evi-
dence of what they do when dis-
placed by an electric field.  We 
do know, however, that electrons 
are negatively charged, so that, in 
accordance to the law of like and 
unlike charges, they must, when in-
fluenced by an electric field, be 
attracted in the general direction 
of any positively charged body in 
the vicinity. 

The Potential Gradient 
Concept 
The idea of potential gradient is 

best explained by means of an 
example.  Suppose we have a two 
plate capacitor in which the plates 
are an inch apart, and also sup-
pose it is charged with a p.d. of 
100 volts between the plates. If we 
think of the upper plate as posi-
tively charged, we can imagine the 
p.d. decreasing uniformly through 
the dielectric between the plates, 
until, at the surface of the lower 
plate, the p.d. is zero. 

According to this idea the fall 
in p.d. per inch (or unit length) is 
100 volts. That is, for this particu-
lar case, the potential gradient is 
100 volts per inch. If the dielectric 
had been two inches thick, the 

TRY THESE PROBLEMS 
The  problems  below  are 

not exactly practical ones; they 
aim at making you think; they 
highlight some of the facts we 
have learned about electricity. 
You'll be surprised how basic 
notions will become clear after 
you have tackled a few prob-
lems similar to the ones below.  4. 
You will find the solutions on 
Page 40.  It makes little differ-
ence whether you look at the 
solutions now or later — it is 
more important that you know 
how the solutions are obtained. 
All answers were obtained by 
slide-rule, so may differ slightly 
from those you get by other 
methods. 
1. How much energy is stored in a 
capacitor of  10  mfd.  when  the 
p.d. across it is 2,000 volts? Usa 
ft. lb. units. 

2.  If the charged capacitor in (1) is 
connected across a 5 mfd. capaci-
tor, 
(a) what is the p.d. across both 

capacitors when  the  5 mfd. 
one is charged? 

(b) How  much  energy  (in  ft. 
lbs.) is lost to the system by  7. 
the transfer of charge from 

the  10  mfd. to  the  5 mfd. 
capacitor? 

3. A force of 254.4 lbs. is exerted 
between  the  plates  of  a two-
plate capacitor using a mica di-
electric (K = 8), when a p.d. of 
10,000  volts  exists  between  its 
plates.  If the area of one plate 
is 1,000 times the  thickness of 
the mica — 
(a) What  is the  area  of  the 

plates? 
(b) What is the thickness of the 

mica? 
A neon lamp Just lights when a 
p.d. of 100 volts exists between 
its electro-des;  if the  internal 
capacitance of the neon is 4 ufd., 
to what p.d. must a 2 ufd. capaci-
tor be charged so that it will light 
the neon when discharged through 
it? 

5. From the basic relationship, C = 
K'A 
—, it is evident that as t de-

creases, C increases.  When t — 
0, therefore, C equals infinity, but 
when t =_ 0, the plates of the 
that  the  capacitance  is  zero. 
Which  is right?  Is the capaci-
tance infinite or zero when t =.• 0? 

6. Three  capacitors,  A,  B and  C. 
are  connected  in  series  and 
charged.  The charge given cap-
acitor  B is 500 micro-coulombs. 
If A is half the capitance of C, 
and C twice the capitance of B, 
what is the  amount  of charge 
given A and C respectively? 
What is the TOTAL amount of 
charge in the case described in 6? 
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potential gradient would clearly be 
/00/2 or 50 volts per inch. Now, 

C = KA = Q 
— 

47rt  E 
and 

so that 

and 
Q = K  E  — 9.12 
—  —  — 
A  47r  t 

The ratio E/t is the potential 
gradient, and denoting this grad-
ient by G we have 

Q = K . G  K'G where K' = K/47r 
—  — 
A  47r 

You will doubtless remember too 
that the ratio Q/A is actually the 
number of charges per unit area, 
or charge density D, 'so that we can 
finally write, 

D -= K'G  ...9.13 
and 

Q = CE 

Q = KAE 

47rt 

K' -= D 

G 

914 

It is clear from Eq. 9.14 that the 
dielectric constant of any material 
depends on the density of charges 
(or electrons)  per unit volume. 
Further, we can see that the poten-
tial gradient G is mathematically 
equivalent to electric field intensity 
that we considered when dealing 
with electric fields.  This confirms 
our earlier idea that the electric 
field, due to the potential gradient, 
stresses the dielectric and so pro-
duces a state of electric strain. 

Dielectric Strength 
Just as substances cannot be 

stressed  mechanically  beyond  a 
certain point without mechanical 
failure, so non-conductors cannot 
be stressed electrically beyond cer-
tain  limits  since,  beyond  these 
limits, they are either "deformed" 
permanently or utterly destroyed. 
'['he dielectric strength of a non-
conductor is its ability to resist 
electrical forces without suffering 
permanent deformation.  In the 
same way as a spring, if stretched 
too far, Is permanently deformed, 
so a non-conductor, if subjected to 
too great a p.d. between its sur-
faces, will be deformed perman-
ently in the electrical sense, and 
may so change in character as to 
become a conductor. 

The dielectric strength of non-
conductors is expressed in terms of 
their ability to withstand a definite 
potential gradient, G, and is usually 
expressed in terms of kilo-volts per 
millimeter of thickness. Thus, mica 
has a dielectric strength of 150 

kilo-volts (150,000) volts per m.m. 
(A m.m. is a little less than 1/25in). 
Any tabulated values of dielectric 
strength must be given consider-
able latitude  because  operating 
temperatures, humidity, duration of 
stress and previous use will all 
affect the dielectric strength of any 
given piece of material.  It is ex-
tremely difficult to assess the exact 
dielectric  strength  of  any 'sub-
stance, or predict how long it is 
likely to last under any particular 
set of conditions. 

Dielectric Resistivity 
The  resistivity  of  a  non-

conductor  is a measure  of its 
ability to resist the flow of electric 
charge's.  All so-called non-conduc-
tors permit the flow of charges to 
a small degree.  The resistivity of 
a  non-conductor  is  sometimes 
called its insulating property, al-
though resistivity and insulation 
are not exactly the same thing. 
Resistivity means the resistance of 
the substance per inch or cm. cube 
of that substance, while insulation 
implies the general ability of the 
substance to confine the flow of 
charges to a definite path. 

Whilst  all  non-conductors  are 
insulators, it must be emphasised 
that the insulation properties of a 
non-conductor are only one of its 
characteristics.  Good  insulators 
are not necessarily good dielectrics. 
Although a substance may ade-
quately resist the flow of charges 
it may not be able to store ade-
quate amounts of electrical energy; 
nor may it be able to withstand 
high potentials without breaking 
down. 

The Choice of Dielectric for 
Capacitors 
Any non-conductor used to sepa-

rate  the  plates  of  a capacitor 
should have as high a dielectric 
constant as possible, as this en-
sures  the  greatest  storage  of 
energy in the smallest space.  Its 
dielectric strength must also be 
high, because capacitors in service 
are often required to withstand 
high potentials and the di ectric 
used must be able to suff€  such 
high potentials without failu. 

The resistivity of the 'subst -.ces 
must also be as high as possible 
because otherwise there will be a 
continuous flow of charge through 
the dielectric so that the difference 
in the amount of charges on the 
plates of the capacitor will de-
crease.  Since the potential differ-
ence depends on the difference in 
the amount of charge on each plate, 
the p.d. also decreases.  Energy 
stored is converted to heat energy 
and so lost insofar as electrical 

(Continued on page 40) 
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SIMPLE REFLEX CIRCUITS 
Small receiver designs are always popular wih home 

constructors,  and  the  three  practical  reflex  circuits 

described here should prove no exception to the rule. 

Requiring a minimum of parts, each is capable of excellent 

results and could form the basis for a really efficient mantel 

or console receiver. 

Although reflexing presents more 
problems than a straight circuit; 
they can be overcome with little 
difficulty and by using the principle 
in a small 'set, a considerable im-
provement in performance can be 
obtained  with  very  little  extra 
complication or expense.  In most 
cases, all that is required is a few 
shillings worth of resistors and 
condensers. 
Whilst there are quite a number 

of manufactured receivers which 
employ some form of reflex circuit 
to  obtain increased performance 
from a minimum number of valves, 
very little in the way of practical 
circuits has been published for the 
home set builder.  Consequently, 
the following description of three 
. reflex circuits should prove of in-
terest to all experimenters and set 
builders, since they can provide a 
much superior performance than 
obtainable  with  an  equivalent 
straight receiver. 
These circuits were developed 

after a considerable amount of ex-
periment, and since then 'sets of 
each type have been built up and 
found to perform particularly well 
with no trace of instability or other 
troubles.  One point to bear in 
mind at the outset is that the com-
ponent values as shown are criti-
cal, and any departure from these 
may lead to poor performance and 
circuit instability. 

Main Considerations 
The main characteristic of the 

first two circuits is that the i-f 
valve serves a dual purpose, acting 
as both the i-f and a-f amplifier. 
In one circuit, only a low HT 'sup-
ply is used, requiring a 150v/150v 
power transformer, and this is par-
ticularly suitable for a small mantel 
receiver. In the second design, a 
240/240v  power  transformer  is 
used, resulting in a greater output 

25 

and making it suitable for a con-
sole cabinet. 
The third circuit is particularly 

novel, and to best knowledge has 
not previously been described in 
this country.  Although requiring 
only three valves, it is a superhet. 
and makes a very successful bed-
side set. 

by 
E. B. CLAYTON 

In using the i-f pentode for the 
two purposes—i-f and a-f amplifi-
cation —it is not possible to utilise 
the valve's capabilities for both 
purposes, and consequently a com-
promise must be made in sacrific-
ing gain in either one or the other 
of its capacities. If a high a-f gain 
is desired, then a larger plate load 
resistor must be used. This means 
lower plate and screen operating 
voltagés  with  reduced i-f gain. 
Conversely, for maximum i-f ampli-
fication,  high operating  voltages 

and therefore a low plate resistor 
must be used, with a consequent 
loss of a-f gain. 

I-F Gain Important 
As i-f gain is the more important 

under normal conditions, the latter 
course has been adopted.  With a 
low plate load, the high plate im-
pedance of the valve becomes rela-
tively unimportant and the value of 
the external resistance will be the 
practical deciding factor in calcu-
lating the 'stage gain. 

In the first circuit, because of the 
low HT available the resistor is 
10,000 ohms.  This gives a stage 
gain of about 8—little when com-
pared to a pentode's full a-f capa-
bilities, but nevertheless giving a 
very worthwhile improvement in 
the place where most needed in a 
small set. 

In the second circuit, the plate 
resistor is 50,000 ohms, giving a 
gain of approximately 40 and re 
suiting in a set performance very 
close to that of a standard 4/5 

(000.96'1 
Fig. t — A simple, but effective reflex circuit.  For simplicity back bias is 
used, enabling all cathodes to be earthed.  As mentioned in the text care 
should be taken with the placement of the components. 
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receiver using a 6Q7 or 6B6 as the 
a-f amplifier.  In both circuits very 
little i-f gain is lost, and since no 
A.V.C. is applied to this stage, the 
apparent sensitivity is about the 
same as a normal stage. The A.V.C. 
voltage is applied only to the con-
verter, since it is liable to produce 
unpleasant effects on the grid of 
the a-f amplifier, but it will be 
found quite effective and prevents 
overloading of the reflex stage. 

Residual Signal Effect 

With  regard  to  the  manual 
volume control, it will be found 
that on strong stations this •may 
not completely cut off the 'signal. 
This fault is common to reflex cir-
cuits, and is due to the fact that 
the pentode section still acts as an 
inefficient  detector, thus  passing 
some audio signal even though the 
diode output is cut right off. 

In the first circuit, no remedy 
has• been provided for this.  The 
low plate resistor almost eliminates 
the defect, and as the strongest 
station is only a faint whisper with 
the volume control off, the effect is 
of no consequence.  In the second 
circuit, feedback is applied from 
the 6G8G plate circuit to the bot-
tom of the volume control, and 
this  completely  neutralises  this 
residual signal effect. 

General Circuit Details 

Taking the circuits in turn, a 
'short description of each will vow 
be given.  In the case of circuit 
No. 1 it will be seen that the valve 
line-up is EK32, 6G8G, 6V6GT with 
a 6X5 rectifier.  The EK32 is used 
because  its  low  screen  voltage 
requirements makes it suitable for 
use with a common screen supply 
with the 6G8G. Also the lower HT 
voltage can be applied to the oscil-
lator anode without the added com-
plication of dropping resistor and 
bypass condenser. 

Back bias is used for simplicity 
and this is used also to provide a 
delay voltage to the AVC diode 
fed from the 6G8G plate. Note that 
although the 6G8G grid is biassed 
from the same supply, it is con-
nected short of the A.V.C. line. 
The three mica condenser's in this 
stage —in the grid, plate and detec-
tor .sections —all provide earth re-
turns for the i-f current and should 
not on any account be left out. 

The same remark applies to the 
.05 meg. resistor in the lead to 
the moving arm of the volume con-
trol and which carries the reflexed 
audio signal.  This is to prevent 
i-f feedback along the line, and if 
it is left out uncontrollable oscilla-

GJeG  GG8G  GVGGT, 

— Fig. 2. —This circuit differs only slightly fro m that in Fig 1.  The higher power 
transformer rating now requires the addition of the oscillator plate drbpping 
resistor. 
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Fig. 3. —This is probably the simplest three-valve superhet. circuit devised. 
A Westector metal rectifier is used, and the 6SK7 provides sufficient output 
to  drive  the  speaker.  For  local  listening  this  would  make  an  excellent 
"second" receiver for the home. 

tion will occur. The output stage is 
conventional and need's no com-
ment, except to point out if any 
other valve is used in place of the 
6V6GT,  different value's  for the 
bias resistor must be calculated. 

With the exception of the electro-
lytic condensers, the condensers 
can be all 200 volt working.  The 
two screen resistors should be 1 
watt and the two bias résistors 2 
watt, but all the others can be the 

watt  type.  Standard  aerial, 
oscillator and IFT's are used, and 
if these are of the iron cored types 
the results will naturally be much 
better.  All plate leads to the 
IFT's should be kept short, and if 
the "hot" leads to the volume con-
trol are longer than a couple of 
inches, they should be shielded. 
The 6G8G will also require a 'shield, 
otherwise instability will result. 

Set No. 2.—The 6,I8G converter is 
used  in  this  circuit,  which,  if 
desired, could be easily wired up as 
a dual wave receiver.  For broad-
cast reception only, a 6A8G can be 
substituted if it is on hand, but 
in any case both the converter and 
i-f amplifier valves will need to be 
shielded. 

For the remainder of the circuit, 
it is very 'similar to set No. 1 and 
the earlier remarks apply. As it is 
more sensitive, extra care should 
be taken with short leads and the 
shielding.  A point to remember is 
that the bottom lead to the volume 
control is also "hot," and should 
be shielded.  Although a tone con-
trol has not been shown this can 
be eaisly wired in if required. 

All  condensers  are  400  volt 

working, whilst the two screens 
resistors, the oscillator anode re-
sistors and the 6G8G plate resistor 
should all be one watt, and the 
blab resistors should be 3 watt. 
The remainder can be î watt.  A 
6X5GT rectifier is shown, but if 
you have a 5 volt winding on your 
power transformer, then a 5Y3GT 
can be used equally as well. 

Set No,. 3.—This is of a novel 
design utilising an EK32 converter, 
a 6SK7 as combined i-f amplifier 
and output valve, and a metal recti-
fier as the detecter (Westector). 
It has the sensitivity and selec-
tivity of a superhet., and will be 
found a considerable improvement 
over the limitations of the ordinary 
reaction type two valve receiver. 
Whilst the output from the 6SK7 

is not comparable to a 6V6, it will 
be found ample for bedside or 
kitchen listening.  Since the set 
sensitive  enough  to give ample 
pick-up with a couple of feet of 
wire as an aerial, it can be moved 
easily from room to room.  Using 
midget coils and tuning gang, it 
can be built into the smallest of 
the mantel cabinets, and makes a 
very efficient "second" set. 

The circuit setup is similar to 
the other two designs, minus the 
output stage, but incorporating a 
metal detector.  If size is not im-
portant a 6K7 or a 6U7 can be 
substituted without circuit changes 
for the 651(7.  An EK32 converter 
is used for simplicity, but a 6SA7 
could replace it by using the cor-
rect type of oscillator coil and 
making the necessary changes in 
the screen resistor. 
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65K7 Overbiassed 
CIRCUITS W ANTED RADIO  EXCHANGE 

The 6SK7 is slightly overbiassed 
to reduce audio overloading and 
feeds into a high impedance output 
transformer —which should be at 
least 20,000 ohms, or higher if you 
can get one, owing to the valve's 
high plate impedance.  A.V.C. is 
applied to the EK32 from the Wes-
tector, and this will normally pre-
vent overloading of the 6SK7.  If 
a long aerial is used, however, 
distortion may occur on strong 
'signals, with the volume control 
turned right up. Consequently, the 
shortest  aerial  consistent  with 
good results should be used, but in 
most cases sufficient volume will 
be available long beforq any over-
loading occurs. 

The previous remarks concern-
ing the construction and wiring up 
also apply to this receiver.  The 
two screen and the 6SK7 cathode 
resistors should be 1 watt — the 
others can be â watt.  All conden-
sers can be 200 volt working. 

In conclusion, these sets may be 
considered as a step in the experi-

Have you constructed or de-

signed any unusual circuits that 

would  be  of  interest  to  our 

readers?  If so, we would be 
pleased to hear of your experi-

ences.  Just send along a short 
description of the equipment, to-

gether with a circuit diagram 

and photographs (if you have 
any) and we will publish those 
which we consider would have 

a wide  reader  interest.  All 

material  accepted  will,  of 
course, be paid for at our usual 

rates on publication. 

menter's search for "something for 
nothing,"  although  at the saine 
time they will be found quite re-
liable and stable in operation. They 
are no more difficult to make up 
than  a straight  circuit  except, 
perhaps, a little more care is neces-
sary in the reflex stage wiring, but 
the results will more than justify 
the extra time spent on this. 

•••••••••••••••11 ,01...11,410.- N 
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  Modern Amateur   
Transmission Techniques 

In this article the author continues with The discussion of 
frequency control in the transmitter and details suitable 

oscillator circuits to achieve best results. 

The previous article in this series 
detailed the various types of crys-
tal oscillators which are in use 
to-day, and mention was made of 
the fact that immediately prior to 
the last war it was a matter of 
'some pride to be able to state that 
one's station was crystal controlled. 

In the period immediately follow-
ing the war, however, the-- has 
been a definite trend towi _us the 
more extensive use of stable vari-
able  frequency  oscillators  as  a 
means of frequency control.  This 
has been partly due to the fact 
that during the war years many 
operators became accustomed to 
the use of equipment which could 
easily be shifted in frequency, and 
partly to the fact that it is now 
possible to obtain suitable compo-
nents at much more reasonable 
prices than before.  Another gov-
erning factor, no doubt, has been 
the necessity for the flexibility of 
operation, brought about, as stated 
last month, by the crowded con-
ditions at present evident on our 
bands. 

Basic Requirements 
The first requirement of any self-

excited  oscillator  used  for  fre-
quency control purposes is that it 
must be most stable under all con-
ditions of load and supply voltage. 
With modern receivers and their 
high inherent selectivity, it is not 
possible to tolerate any drift, or 
tendency towards frequency modu-
ation of the carrier.  As a result. 
it is necessary to employ some 

Fig.  1 (a). —A  series  feed  Hartley 
circuit.  See analogy in the EC 

oscillator. 

Fig.  1 (b). —The  Colpitts  oscillato • 
circuit.  This is similar to the Clapp 

oscillator described in the texte 

form of oscillator circuit which 
exhibits  these  characteristics  of 
stability, its power output being 
quite a secondary consideration. 

In any type of oscillator, the 
oscillion is maintained by virtue of 
the  fact  that  the  amplification 
afforded by the tube allows the 
losses inherent in the tuned circuit 
to be overcome, the energy re-
quired to do so being drawn from 

By 

ALAN  WALLACE 

the power supply.  There must be 
some feedback path from the out-
put circuit back to the input cir-
cuit, and this feedback can be 
applied in various ways, as for 
instance, inductively, in the series 
fed Hartley oscillator (Figure la), 
or through the grid to plate capa-
city of the tube, as in the tuned 
anode tuned grid circuit (Figure 
lc). 

It follows that, in order to main-
tain oscillation, the phase relation-
ships in the circuit must be 'such 
as to allow this feedback voltage 
to have some component in phase 
with the existing voltage in the 
grid circuit.  In order for this to 
occur, any oscillator must function 
at a frequency slightly different to 
the resonant frequency of the cir-
cuit involved, but nevertheless, its 

frequency of oscillation  will be 
determined largely by the circuit 
possessing the highest Q, normally 
the grid circuit. 

It may be proved mathematically 
that the higher the Q of a tuned 
circuit, then the smaller need be 
this difference frequency (which is 
affected by changes in such factors 
as tube loading, etc.) and hence 
the more stable will be the oscil-
lator. Therefore, our aim, if maxi-
mum stability is to be achieved, 
is to obtain as high a Q as possible 
in the oscillator circuit. 

This is in keeping with the gene-
ral desirability of having a low L/C 
ratio in the oscillator tuned circuit, 
in order that small changes in cir-
cuit capacitance will have a negli-
gible  effect on  the  output  fre-
quency.  For this reason, most 
satisfactory results are normally 
obtained with an oscillator which 
has quite a low fundamental fre-
quency, often in the 1,750 Kcs. 
band. 

The frequency oscillation selec-
ted will be determined largely by 
the desired output frequency, and 
the complexity of the transmitter 
which is being used or designed. 
As a general rule, it is preferable 
to use as low a frequency as pos-
sible for the VFO, and obtain the 
desired output frequency by the 
use of a series of multiplier stages. 
However, in normal practice, quite 
good  stability  can  be  obtained 
using a fundamental frequency of 

Fig.  1 (c). —The tuned  plate  tuned 
grid circuit has been widely used by 

many operators. 
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3.5 Mcs., although where extreme 
simplicity is desired, and 80 meter 
operation is not required, it is 
possible,  providing the stage is 
carefully designed, to obtain satis-
factory results using an oscillator 
frequency of 7 Mcs., particularly 
when using the Clapp oscillator 
circuit to be described later. 

E.C. Oscillator 
A very popular oscillator, how-

ever,  is  the  familiar  electron 
coupled  oscillator  which,  when 
used with a pfoperly designed tun-
ing circuit (see "Radio Science," 
Vol 1, No. 10 and Vol. 2, No. 1), is 
capable of quite good stability, and 
is normally free from serious shifts 
in frequency due to small changes 
in either load or supply potential. 
We  shall deal firstly with this 
oscillator before proceeding to a 
more lengthy discussion on the 
virtues of the Clapp oscillator. 

A principle advantage with this 
electron coupled circuit is that by 
proper proportioning of the ratio 
of screen grid to anode potential 
(usually found to be at an opti-
mum at 3 :1), it is possible to ob-
tain almost complete freedom from 
the effects of 'supply voltage vari-
ation. 
The constants shown in the cir-

cuit of Figure 2 are for a funda-
mental frequency of 3.5 Mcs., but 
as has been mentioned in previous 
treatments on this oscillator, it is 
often desirable to adjust the posi-
tion of the cathode tap for the 
best stability and freedom from the 
effects of drift. These two proper-
ties are very much interrelated, as 
will be appreciated when one con-
siders that drift is only caused by 
the changes in circuit and tube 
capacities due to heating of the 
components, and if the oscillator 
permits  only  small  changes  in 
these constants, then quite good 
freedom from drift will be experi-
enced. 
It should be noted at this junc-

ture that any form of variable fre-
quency oscillator should be fol-
lowed  by  an  isolating  stage, 
preferably with an untuned anode 
circuit.  By this means, any inter-
action between the tuning controls 

•••••• ••• •••••• ••• ••• •••••• ••• ••• •• 

Fig. 2.—A practical 
electron  - coupled 
oscillator circuit. 

•••••• ••• ••••••....••••••• 

of succeeding stages, and that of 
the variable frequency oscillator, 
may be eliminated, as well as mini-
mising the possibility of the occur-
rence of freqilency modulation. 
Of recent months, there have 

been two other oscillator circuits 
which  have  achieved  a certain 
degree of popularity, as well as a 
good  deal  of  attention  on  the 
technical press.  These are the 
4ranklin oscillator and the Clapp 
oscillator, each named after the 
gentlemen associated with their 
development.  The Franklin oscil-
lator has no unique advantages 
which cannot also be claimed by 
the exponents of the Clapp oscil-
lator, and as this latter arrange-
ment  has  the  advantage  of  a 
greater degree of simplicity, we 
shall only deal with this circuit, 
particularly as it is intended to in-
corporate  it in  some  projected 
transmitters for future issues. 

The Clapp Oscillator 
The Clapp oscillator, shown in 

Figure 3 ,utilises a rather unusual 
arrangement whereby the input im-
pedance  and  capacity  of  the 
oscillator tube are only connected 
across a small portion of the tuned 
circuit.  In a normal oscillator cir-
cuit, of which Figure 2 may be 
taken as being typical, it will be 
noticed that the valve input capa-

FIG. 3114  

Fig. 3 (b). —This cathode driven stage 
prevents  parasitic  oscillation,  since 
the control grid acts as an electro-
static shield between the input and 

output circuits. 
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Fig. 3 (a) —The Clapp oscillator circuit which is now achieving a measure 
of popularity in overseas circuits. 

cities are shunted directly across 
the tuned circuit. This means that 
the circuit is quite heavily loaded 
and hence requires a very low L/C 
ratio to be employed if the effec-
tive Q of the circuit is to be kept 
high and good stability obtained. 
Moreover, owing to direct connec-
tion, any variations which take 
place in the values of the various 
interelectrode capacities will cause 
appreciable variations in the output 
frequency of the oscillator. 
However, in the Clapp oscillator, 

the  tuned circuit is actually a 
series  tuned  arrangement,  the 
actual variation in frequency being 
accomplished by the variation of 
Cl in Figure 3.  Since the react-
ance of this condenser is much 
higher, at the operating frequency, 
than that of either of the two 
"divider" capacitors, it will be seen 
that a variation of even 20 uufd. 
In the capacity of one of these two 
large condensers will produce a 
negligible  effect  on the  output 
frequency. 
Therefore, since the valve capaci-

ties are shunted across one of 
these large capacitors, which has a 
capacitance out of all proportion to 
the order of capacitance of the 
input admittance of the tube, any 
variations in this latter quantity 
which may take place will pro-
duce a negligible effect on the 
tuned circuit.  This will therefore 

Fig. 
and 
out 

4. —This circuit per mits "netting' 
tuning  operations  to  be  carried 
without  causing  interference  to 

the trans missions. 

eliminate not only drift during the 
warming-up period, but will also 
greatly improve the stability of the 
oscillator against the effects pro-
duced by changes in the supply 
potentialities to the tube. 

Higher "Q" Possible 
Furthermore, since the input im-

pedance of the tube is shunted 
across only portion of the tuned 
circuit,  it is  now  possible  to 
achieve a much higher Q in the 
tuned  circuit, resulting in  still 
further improvement in the stab-
ility of the oscillator.  In practice, 
however, it will be found essential 
to employ an oscillator coil having 
the highest possible Q, since the 
tube is only connected across por-
tion of the tuned circuit and the 
magnitude of the voltage applied is 
greatly reduced.  If the efficiency 
of the coil is too low, then the 
voltage developed across it will not 
be high enough to provide the 
proper degree of feedback to main-
tain oscillation. 
It has been found in practice that 

this circuit will key quite well at 
moderate speeds, and hence, pro-
viding proper biassing facilities are 
incorporated  in  the  following 
stages, the transmitter may be 
keyed from the oscillator stage, 
thus providing break-in operation. 
In this regard, however, due care 
must be taken, as will be men-
tioned later in this series, to pro-
tect the receiver  during trans-
mission periods. 
Exponents  of  this  particular 

form of oscillator circuit claim, 
with some justification, that it rep-
resents the most stable form of 
L/C oscillator yet constructed, and 
it would seem to present some pos-
sibilities for use on the VHF bands. 
However, investigations are being 
made in this direction, and al-
though  the  principle  difficulty 
appears to be the rather poor Q 

of conventional circuits at frequen-
cies above 50 Mcs., it is hoped to 
develop from this circuit a stable 
controlling oscillator for use on 
the 144 Mcs. band. 

The circuit constants shown in 
Figure 3 apply for a fundamental 
frequency of 3.5 Mcs., and it will 
normally be found with the buffer 
or isolator stage shown, that the 
unit has sufficient output to drive 
a conventional crystal oscillator 
stage, used as a doubler. Since the 
stability of the oscillator under 
power supply voltage variations is 
quite good no regulation is pro-
vided, and only under exceptional 
circumstances, where the utmost of 
stability under abnormal voltage 
variations is required, will it be 
found to be necessary. 

One feature which is very desir-
able when any new transmitter is 
being designed is provision for the 
operation of "netting," or, in other 
words, the facility to tune the 
transmitter exactly onto the fre-
quency of the received station with-
out radiating any signal, which 
would obviously cause interference. 
This facility is best provided by the 
incorporation of some switching 
device such as to allow normal 
operation of the VFO, without HT 
being applied to the final amplifier, 
and at the same time permit opera-
tion of the receiver.  It should be 
borne in mind that, during this 
operation, the VFO connection to-
the transmitter should be made as 
normally to avoid any shift in fre-
quency of the VFO due to a change 
in its loading. 

Useful Circuit 
A useful connection in this re-

gard is that shown in Figure 4, and 
this permits the transmitter first 
to be "netted" to the desired fre-
quency, and then, by switching to 
the "tune" position, to be tuned 
up without causing any interfer-
ence to transmIssions which are 
already in progress. This is made 
possible by the contact on the 
switch which, when bringing into 
circuit the dropping resistor to 

Fig.  5.—The  method  of  using  the 
"back" contact on the key to earth, 

the screen circuit. 
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Fig. 6 (a).—A typical VR tube circuit. 

allow safe tuning of the final, also 
brings into circuit a small, low 
resistance relay.  Being operated 
by the final plate current, this 
closes  and  adds  an  additional 
5 nut d. to the VFO tuning capacity, 
thus  shifting  the  radiated  fre-
quency by about 10 Kcs.  Conse-
quently, providing this channel is 
not also in use, complete tuning 
may be accomplished, and when 
desired,  immediate  transmission 
may  take  place  on  the  set 
frequency. 

When it is desired to incorpo-
rate a "listening through" facility 
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in the station, as is often very 
advantageous, permitting as it doe's 
immediate breaking of the trans-
mission should any QRM be en-
countered, it is necessary to ensure 
that the oscillator is inoperative 
during the key-up period. This can 
he  accomplished  in  three  way. 
Firstly, the oscillator itself may be 
attached  to the  keying  line  in 
such a way that its circuit is only 
completed  on  depression of the 
key.  This system, however, has 
several  disadvantages; the most 
important of which is its liability 
to  the  production  of  key-clicks 
and keying "chirps," particularly 
at  higher  operating  'speeds,  al-
though of course this disability is 
of  little  consequence  for  phone 
operation,  providing  reasonable 
care is taken. 

Second Method 

A second method is to completely 
enclose the oscillator stage, and 
its associate amplifier, in a com-
pletely shielded metal box, and key 
only the isolator stage.  This pre-
vents the radiation of any unde-
sired signal from the oscillator, 
whilst at the same time removes 
any effects of the keying circuit 
from  the  frequency  controlling 
stage. 

This latter system is probably 
the most effective, for this reason, 
but it may not always be conveni-
ent to install such an elaborate 
system, particularly if the trans-
mitter be of the more modest type, 
and in such an event, the arrange-
ment shown in Figure 5 may be 
found useful.  In this circuit, re-
quiring the use of a double-contact 
key, a type which is in common 
use to-day, the "back" contact of 
the key is employed to "earth" the 
oscillator screen, thus preventing 
its operation. 

Provided the  circuit constants 
are selected accordingly, it will be 
found that the brief interval of 
time between the breaking of this 
contact and the making of the front 
contact is sufficient for the screen 
by-pass condenser to charge up 
and allow normal operation of the 
oscillator with no sign of any un-
desired effects.  It will be realised. 
however, that the maximum speed 
of operation which can be under-
taken when this system is in use is 
limited to about 20 wpm, as at 
higher speeds the time constant of 
the RC network becomes impracti-
cably  short,  resulting  in  either 
insufficient screen by-passing or an 
excessive dissipation through the 
screen  resistor  during  "key-up" 
conditions. 

Voltage Regulation 
One further point remains in this 

discussion of practical oscillator 
circuits, and that is te question 
of regulation.  Since the  power 
requirements of even a medium-
power  transmitter  vary  greatly 
between the "key-up" and "key-
down" condition's, or under modu-
lation, it is not usually advisable 
to attempt operation of the control-
ling oscillator from the same HT 
supply as the final amplifier, un-
less special regualting devices are 
employed  to  ensure  that  the 
voltage applied to the oscillator 
stage does not vary by too great 
an amount. 

An exception to this rule may 
be found in the application of the 
previously described Clapp oscil-
lator, but even in this instance too 
much reliance should not be placed 
on the characteristics of the cir-
cuit if the excursions of voltage to 
be expected are more than 50 volts 
or so, in normal operation.  The 
best means of regulating the supply 
to any critical circuit such as an 
oscillator is undoubtedly the em-
ployment of one of the gaseous 
voltage regulators of the VR series, 
or their Continental counterparts. 

(Continued on page 40) 

W A Z Boundaries 
t We  R-gret 

t  It has been brought to oui' t 
tnotice that the article W.A.Z. 
é BOUNDARIES, which appeared t 
t on pages 39 and 46, "RADIO ; 
4 SCIENCE," March, 1949, is iden-
tical with one which is presen- ; 
ted  under  the  same  title  in t 

t "RADIO AMATEUR STATION 
t LOG," published by the Mingay 
Publishing Company Pty. Ltd., 

t 146  Foveaux  Street,  Sydney, 
é and originally compiled by the 
t staff  of  that  company  as  a 
feature of the "Log Book." 

f  In these circumstances. our 
; re-publication of the article con-
stitutes a breach of copyright, 

t which  is  regretted,  and  due 
4 apologies are hereby made to 
t the Mingay Publishing Company 
à for the misuse of its material. 
t In extenuation, we can only say 
that the article was submitted 

4 to, and accepted by, "RADIO 
t SCIENCE" in all good faith as 
é being an original contribution. 
t  With the object of avoiding a 
; similar occurrence in the future, 
t we must stress to all intending 
1 contributors that articles sub-
mitted for publication  in our 
magazine must be of an original 

à nature and not previously pub- t 
lished in any other journal. 
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Swiss Broadcasting Service 

From Ken Boord (R. & T. News, 
U.S.A.) comes the following inter-
esting information concerning the 
Swiss  Broadcasting  Corporation 
stations :— 

"The  Swiss  Broadcasting  Cor-
poration maintains seven stations 
—in Basel, Berne, Zurich, Geneva, 
Lausanne, Lugano, and thIse of 
the  short-wave  service,  also  in 
Berne.  All radio transmitter are 
being operated by the Federal Ad-
minstration of Post, Telegraph and 
Telephone exclusively. 

The centre of Swiss short-wave 
transmitters is Schwarzenburg, a 
prosperous village in the Canton of 
Berne.  They are used both for 
overseas telephone service and for 
broadcasting.  Schwarzenburg has 
eight short-wave transmitters, with 
powers ranging fro.n 10 to 100 kw. 
For overseas service, rhombic an-
tennas are being used, and for the 
European Service, circular dipoles 
are employed.  Schwarzenburg is 
located some twenty miles south of 
Berne, capital of Switzerland, and 
works together with the receiving 
stations of Chatonnaye, in the Can-
ton of Fribourg. 

POLAND 

We are indebted to two English 
correspondents to "Sweden Calling 
Dx'ers" for news of English trans-
mission  from  Radio  Polskie,  in 
Warbaw.  Programmes are given 
over the 9530 ke. channel daily ex-
cept Thursdays and Sundays at 
9.30 a.m. till 9.50 a m.  The 6215 
kc. channel is used on Thursday, 
Saturdays and Sundays (S.DX). 

FRENCH INDO-CHINA 

The station operating on '7205 
kcs.  for  some  time  has  been 
puzzling short-wave listeners as to 
its origin. It has at last been iden-
tified as  "Radio  Hue," at Hue, 
Annam, and  it transmits  three 
daily programmes from  a.m. till 
11 a.m., 1 p.m. till 4 p.m., and 9 p.m. 
till 1.30 a.m. Australian Eastern 
Time. 

Radio Hue relays programmes 
from Saigon at certain hours, and 
this created the impression that 
the transmissions were from a new 
outlet  of  Radio  Saigon.  The 
address to which reports should be 
sent is: Radio Hue, Boite Postal 65, 
Hue, Annam, French Indo-China. 

Both Norway and Sweden are 
broadcasting  very  good  pro-
grammes over several transmit-
ters operating in 19.25 and 31 
metre bands. These programmes 
are  primarily  for  nationals 
abroad and for listeners in Sth. 
America, while Radio Sweden.is 
heard  on  two  frequencies, 
namely 15.155 kcs. and 10.780 
kcs. with a very interesting DX 
session and answers to listeners' 
letters. 

GERMANY 

A "Voice of America" transmitter 
operating on a frequency of 15.280 
kcs. comes on the air at 11.45 p.m. 
with the announcement that "this 
is the American station in Europe, 
and we are now signing on our 
transmitter on 15.28 mc's.  News 
then  follows  in  Russian.  This 
station is believed to be Munich, 
with a power of 100 kilowatts. 
(R.A.). 

• •• •?,...F•rr.•••••••••••••••••••••••••••••••••••••••••••• ••• . .•••-•••••••••••••••••••.•... ............................................... .....r 
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.i 
4. NE W STATION LOGGINGS 
t 
e Callsign  Kcs. 
a 
¡ MUNICH    15.280 
1. HCIAC    6.210 
'I YVKM    5030 
i LRS.   9310 
Z LLH   9645 
:a CKOB    6090 
i. OAX4 W   9375 
1. • 

Metres  Location  Time heard 
/i1.53  Germany    11.14 p.m. 
48.31  Ecuador  10.00 p.m. 
59.64  Venezuela    9.00 p.m. 
32.21  Argentina    8.45 a.m. 
21.10  Norway    9.00 a.m. 
49.26  Canada    8.00 a.m. 
32.00  Peru    3.00 p.m. 

Station Addresses 

Addresses of Central American 
countries, stations of which are 
heard at good signal strength :— 

COSTA RICA (TIPG) —La Voz de 
la Victor, Apartado 257, San Jose, 
Costa Rica. 

CUBA (COBC) —Radio Progresso, 
San Jose 104, Havana. 
(COKG) —Cadena  Oriental  de 
Radio, Apartado 82, Santiago de 
Cuba. 

DOMINICAN REPUBLIC (HI2T) — 
Estacion de Onda Laiga HI3T, 
Apartado 23, Cuidad Trujilio, D.R. 

GUATEMALA  (TG WA) — Radio 
Nacional, La Voz de Guatemala, 
Cuidad de Guatemala. 

HAITI  (HH3 W) —Rue Boun Fer, 
Box A117, Port-au-Prince, Haiti. 

BRITISH WEST INDIES (ZQI) — 
The  Government  Broadcasting 
Station, 3 Seaview Avenue. Half 
Way Tree, Kingston, Jamaica. 

MARTINIQUE (FNRI) — La Direc-
teur du Service d'Information, 
Fort - de - France,  Martinique, 
French West Indies. 

MEXICO (XE W W) —La Voz de la 
America Latina Desde Mexico, 
Cadena Radiodifusora Mexicana 

S.A., Calle Ayuntamiento Nr. 54, 
Mexico, D.F. 

(XEBT) — Las Emisoras de 
America, Calle Buen Tono Nr. 6, 
Mexico, D.F. 
(XEQQ) — Radio Panamericana 
XEQQ, Jo'se Maria Marroquí No. 
11, Mexico, D.F. 
(XEHH) —Sal  de Uvas Picot, 
Zempola, No. 77, Mexico, D.F. 
(XERQ) —Radio Continental Cor-
poration Mexicana de Radios as 
Cordoba No. 48, Mexico, D.F. 

TRINIDAD —Trinidad Broadcasting 
Co.  Ltd.,  Broadcasting  House, 
Port of Spain, Trinidad. 

PANAMA (HP5K) —La Voz de la 
Victor, Apartado 33,  Colon, 
Panama. 

GOLD COAST 

Station ZOY, located in Accra, 
African Gold Coast, is heard with 
quite a fair signal in programmes 
of news and music from 1 a.m. 
until 4 a.m.  B.B.C. programmes 
are often used in relay and the 
frequencies are 4915 kes. and 7300 
kcs. 
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listen For These Stations 
PERSIA 

A station from this country is 
heard now carrying out an early 
morning programme.  Its call-sign 
is "Radio Tabriz," operating on a 
frequency of 6090 kcs., and accord-
ing to the World Radio Handbook 
has daily programmes in Persian, 
Arabic,  French,  Russian  and 
English. Operating times are given 
as 1 a.m. until 4 a.m., and signs 
off at 2.30 p.m. with a clock chim-
ing eight. (R.A.). 

This station is one of the re-
gional  broadcasting  stations  in 
Iran. and is situated in the province 
of Azerbajan. 

NOR WAY 

Very  good  programmes  have 
been heard over the last three 
months from several transmitters 
operating in 13, 16, 19, 25 and 41 
metre bands.  Now Radio Norway 
has a new transmission for lis-
teners in South America over LLH, 
9645 kcs.  LKQ 11735 kcs., and 
LKV, 15170 kcs. at times of 9 a.m. 
till 10 a.m. 

According  to  Ken  Boord,  of 
Radio and Television News, U.S.A., 
they now use a new and beautiful 
tuning signal. Power used in these 
transmissions:  LKQ,  11735 kcs., 
100 kw.; LLH, 9645 kcs., 50 kw.; 
and LKV, 15170 kcs., 10 kw. 

BELGIAN CONGO 

Programmes in French, Flemish 
and  Portuguese are heard over 
several transmitters operating for 
listeners in the Belgian  Congo. 
Details are given of stations, fre-
quencies and times as follows :— 
OTM1 on 6295 kcs.; power, 3 kw.; 
from 3 p.m. till 5 p.m. and 8 p.m. 
till 10 p.m., 2 a.m. till 6 a.m. OTM2 
on 9380 kcs.; power, 7.5 kw.; from 
3 p.m. till 5 p.m. and 2 a.m. till 
6 it.m. OTM4 on 11720 kcs.; power, 
7.5 kw.; from 8.15 p.m. till 10 p.m. 
0TH on 9210 kcs., with a power of 
15' kw., from 3.30 a.m. till 4.30 a.m. 
Address for reports is given as 

follows:  Box  171,  Leo  Kali na, 
Congo Belge. (R.A.). 

PORTUGAL 

Emissora Nacional on 15160 kcs. 
now transmits a special daily pro-
gramme from 1.30 a.m. until 3 a.m. 
to Goa, in Portuguese India. (R.A.). 
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BULGARIA 

Signals from this country are 
also  good  when  heard  in  the 
various language broadcasts over 
the frequency of 7670 mcs. and 
Radio Sofia, given news in Ger-
man at 7.15 a.m., followed at 7.30 
a.m. with French, and English at 
7.45 a.m. All times mentioned are 
In Australian Eastern Time  (A). 

BECHUANALAND 

ZNB, 5900 kcs., from Mafeking, 
was recently logged for the first 
time since the war.  Identification 
announcement is: "ZNB at Male, 
king calling," and the schedule is 
as follows: Week-days, 9 p.m. till 
10 p.m., 3 a.m. till 5.30 a.m.; Sun-
days at 4 a.m. until  5a.m. (R.A.). 

PANAMA 

Stations from this country are 
heard with very good signals on 
opening, usually at 9.30 p.m. and 
HOLC, Radio Balboa, on 6060 kcs., 
is no exception, when it opens with 
Spanish news and music.  (R.A.). 

.111 .1.41* 0.0•611. 

Readers' Reports 
Readers desirous of sub-

mitting Short Wave reports 
for inclusion in these notes 
should ensure they reach our 
Short Wave Correspondent 
not later than the first of 
each  month.  Address  all 
letters to: Miss D. Sander-
son, 23 Elizabeth Street, Mal-
vern, SE4, Victoria. 

•••••••••••••••••••••••••••••••••••••••«•......................... 

MADAGASCAR 

By courtesy • of Sweden DX'ers 
calling we have an item of interest 
on FIQA, operating on a frequency 
of 6060 kcs., at 6 a.m. Mondays to 
Thursdays, and closing at 5 a.m. on 
Friday's.  Another trantmitter on 
7380 kcs. Is heard in parallel, and 
these stations provide the best en-
tertainment to listeners in South 
Africa, according to one of their 
correspondents. 

MONACO 

Some reference was toade -to the 
transmitter operating from Monte 
Carlo, and details were given as to 
its  frequencies.  We now have 
official information as to operating 
times and frequencies of the two 
transmitters.  They are 4 p.m. till 
6 p.m., 9 p.m. till 11 p.m., and 4 a.m. 
till 8.15 a.m. on 9785 kcs. and 7350 
kcs., also 6035 kcs., with a power 
of :25 kilowatts each. 

HUNGARY 

Rex Gillett, of Adelaide, S.A., re-
ports that Radio Budapest has sent 
on a letter of verification, together 
with three photographs, and the 
station stated that this report was 
the first received from Australia. 
As before mentioned, the trans-
missions are of an experimental 
character, and the programmes are 
heard from 11 p.m. until 8.40 a.m. 
A.E.T. relaying the medium wave 
station's,  Radio  Kossmuth  and 
Radio Peton. 

A ten-minute English bulletin of 
news is given daily at 8.20 a.m., and 
reports from  listeners are wel-
comed, the address being; L. Barta, 
Head of the International Relations 
Department, Hungarian Broadcast-
ing  Corporation,  Budapest, 
Hungary. 

INDIA 

Radio Pakistan bas now changed 
the  times  of English  language 
broadcasts.  They are now presen-
ted at 12 noon, 4.10 p.m. and 12.45 
a.m. over the 15.270 megacycle and 
medium wave outlets.  Times are 
A.E.T.  (R.A.). 

ISRAEL 

We made mention in a previous 
issue of short wave stations opera-
ting from the State of Israel, and 
news is to hand of a new trans-
mitter operating in the 25 metre 
band on frequencies of 11.620 and 
11.840  megacycles.  Broadcasts 
have been irregular, but usually 
during normal broadcasting hours. 

The  current  schedule  of  the 
transmitter operating in the 43 
metre band on 6835 mcs. is from 
1.45 p.m. till 4 p.m., 6 p.m. till 9.45 
p.m., and 11.34) p.m. until 6 a.m. 
Australian Eastern Time. Call-sign 
of this station is Radio KOL-Y 
Israel, and English news is given at 
9 p.m. and 5 a.m. daily.  (RA.). 

TANGIER 

Radio International -operates on 
a frequency of 6200 kcs. and opens 
with an English programme at 
9 p.m., has Spanish at 9.30 p.m., 
French at 10.15 p.m.  A request 
programme at 11 p.m. till 2 a.m. in 
French and Spanish; Spanish pro-
gramme at 5 a.m.; French at 5.30 
a.m., and Spanish at 7 a.m.; then 
a cabaret programme  till close 
down at 9.30 a.m.  (Batten.). 

34 



ON THE BROADCAST BAND 
NEW ZEALAND STATIONS 

Stations in the Dominion of New Zealand are now being 
heard in this country at good strength. Here is the latest 
news of these stations together with suggested listening 
times so as to avoid interference from other stations 

sharing the same channel. 

Reception of stations operating from 
the Dominion of New Zealand is as 
good at the present time as it is at 
any  other  period during the  year. 
Signals come through at fine level 
around 5 a.m., while at night many 
stations are audible at good volume, 
although the  presence of so many 
Australian stations prevents the clear 
reception of some transmitters heard 
during the morning. 
Many  National  stations,  namely 

2YA, Wellington, 570k.c., 3YA, Christ-
church, 690k.c., 1YA, Aukland, 750k.c., 
and 4YA, Dunedin. 780k.c., commence 
transmissions at 4 a.m.  (6 a.m. in 
N.Z.)  with  their breakfast session, 
including  recordings,  station  an-
nouncements.  etc.,  with  relays  of 
news from the B.B.C., London, at 4, 
5, and 6 a.m. 
Stations  carrying  programmes  of 

the National Commercial Broadcast-
ing  Service  (accepting  advertise-
ments) -2ZB Wellington, 980k.c., 4ZB, 
Dunedin, 1040k.c., 1ZB, Auckland, 1070 
k.c., and 3ZB, Christchurch, 1100k.c. 
-begin  transmission  at  the  same 
hour-6 a.m. -while N.C.B.S. station, 
2ZA, Palmerston Nortfl, 940k.c., takes 
the air one hour later. 
National stations taking the air at 

5 a.m. With the B.B.C. news followed 
by recorded music include 4YZ, Inver-
cargill,  720k.c..  lYZ,  Rotorua  (only 
opened in the last few months), 860 
k.c., 2YZ. Napier, 860k.c., 3YZ, Grey-
mouth, 920k.c., 3XC, Timaru, 1160k.c., 
another  comparatively  new  station. 
This is unusual compared to others 
in N.Z.,  since it carries  sponsored 
programmes up till 5.30 p.m. (AEST), 
then  broadcasts National type fea-. 
tures.  Most other stations in New 
Zealand do not take the air until 
much later in the day and in some 
cases not until the evening. 

Main Listening Times 
Around sunset is generally a good 

time to listen for some of the sta-
tions not so easily tuned in at night, 
owing to interference from local sta-
tions.  At this time, N.Z. stations be-
gin breaking through, and some elus-
ive signals may be heard before a 
local station takes the air or begins 
coming through on a particular chan-
nel.  At night however, it is possible 
at our listening post to tune 2YA 
quite  easily,  whilst  lYZ  and  2YC 
(Wellington,  650k.c.)  come  through 
fairly  well  over  interference  from 
6WN  and  2BH  respectively.  1YD, 
Auckland,  1250k.c.,  is quite fair at 
times. 
Other New Zealand stations on the 

air at night, which some may be able 
to hear, include 1YC, Auckland, 880 
k.c. (under 4VYK, 3.0L and 6PR, of 
course),  2YD,  Wellington,  1130k.c. 
(under 2AD,  3CS  and  6PM),  2X.P, 
New Plymouth, 1370k.c., opens 6 p.m. 
(under  2M0,  5SE and  6GE),  2XN, 
Nelson, 1340k.c. (under 2LF and 6TZ), 
2XG, Gisborne, 1010k.c. (under 7EX, 
4MB and  4CA),  3YC,  Christchurch, 
960k.c. (under 3B0 and 4AY), 4YC, 
Dunedin,  900k.c.  (under  2LM  and 
7AD). 
Most stations in this group leave 

the air at 8 or 8.30 p.m., EST, while 
the N.Z. "Listener" points out that 
2XG, 2XN and 2YD open as late as 
5 p.m., and the main Nationals sign 
or at 9.20 p.m. 

by 
ROY HALLETT 

SDN Celebrates Anniversary 

On  Saturday night,  June 18th, a 
special variety programme was broad-
cast over Macquarie Network stations 
throughout  Australia  in  celebration 
of the official opening of the new 
Radio Centre in Churchill Building, 
Gawler Place, Adelaide, Installed by 
the "First Station in the State," 5DN, 
to commemorate its 25th year on the 
air.  Many readers owning QSL cards 
from this station will need no re-
minder of this achievement, as most 
cards bear the phrase, "Established 
In 1924." 

Broadcasts from 5DN came, origin-
ally from the music room at the home 
of its founder, Mr. E. J. Hume, at 
Park  Terrace,  where an occasional 
"live  artist"  programme  was  pre-
sented,  whilst  recordings  broadcast 
were played on a gramophone placed 
in front of the microphone.  5DN was 
the first station in South Australia 
to use a pick-up -in 1927 -whilst the 
station  was  the first in the  state 
to relay a regular programme from 
Sydney in 1934.  It is pleasing to note 
that Mr. Hume hg.d no commercial 
ambitions when he began operating 
•5DN,  makiek  no  profit  from  the 

station's presentations, his interests 
being in the education and entertain-
ment value he saw in this new in-
strument  of  communication.  The 
station did not become in any way 
commer-7 C-rai while he lived. 

Programmes were scheduled origin-
ally from SDN Tuesdays, Thursdays 
and Se turdays, 8 to 10 p.m., while to-
day, running to 500 watts on 970k.c., 
the station is on the air at least 15 
hours daily  Most programmes are 
relayed to 5RM, Murray Heights, on 
830k.c. 

Stations in Flood Areas 

It was not until we tuned to broad-
casting stations operating from the 
flooded areas along the Hunter River 
Valley, that we fully realised many 
of the difficulties facing residents of 
the district.  We heard, for example, 
2HR (operating from studios in High 
Street,  West Maitland,  where flood 
waters were at one stage reported 
some two feet deep and moving at 
something like  20  miles  per hour) 
advise  listeners  that  shelter  was 
available in a particular school build-
ing for those unable to remain in 
their homes. 

"The World To-day" Session 

A presentation heard from 2SM on 
Wednesday  evenings  at  7.45,  fre-
quently contains news items of inter-
est to readers of this page.  Featur-
ing talks, interviews and music re-
corded on wire by 2SM news editor, 
and former journalist, Tom Jacobs, 
items from  studios of broadcasting 
companies in several Asiatic countries 
have so far been broadcast in this 
session, eThe World To-day." 

At the studios of "Radio Malaya," 
in Kuala Lumpur, Mr. Jacobs watched 
a variety show being rehearsed, whilst 
at the same time every entrance to 
the city was heavily guarded against 
attack by members of the rebel group 
at  present  operating  in  Malaya. 
Other  items  presented  were  those 
recorded at this organisation's studios, 
250 miles from the Malay capital in 
Singapore. 

The second programme in this series 
featured  recordings  made  at  the 
studios of "All India Radio," in the 
heart  of Delhi.  The familiar AIR 
identification signal was heard, and 
Mr. Jacobs described the studio in-
stallations  as  well  as  the  general 
construction and equipment in use as 
being first-class. 

Readers' Reports 

One of our younger readers, Mr. R. 
E.  Small, Eastwood,  is particularly 
pleased  with  results  he  is  getting 
from his four-valve superhet.  Work-
ing with an aerial 70 feet in length, 
and  using  a 6J8  converter,  6G8G 
second  detector,  I.F.  amplifier  and 
rellexed a-f amplifier, 6V5GT power 
amplifier and a 6X5GT rectifier, this 
set is bringing in many of the weaker 
signals from overseas as well as, of 
course, the stronger ones. 

By  way  of  testing  his  set,  our 
friend tuned to 2GB  (870k c.)  near 
closing time, and turning tit  volume 
up following the close (loyal of this 
station,  was  delighted  to  hear an 
American voice giving the news from 
W VTR,  Tokyo.  The  'TVoice  of 
America," calling from Manilla,  920 
k.c., in the Phillippines, is also heard 
consistently, relaying the usual pro-
grammes from New York. 

All India Radio's outlet on 758k.c., 
operating from Tiruchy, is another 
good one, several other Indians being 
heard at weaker level, while the old 
reliable JOAK, Tokyo, comes through 
well on 570k.c. at 11 p.m. 

This reader is anxious to hear from 
other readers using small sets, and 
suggests that his efforts may prove 
encouraging for owners of receivers 
of  this  type.  We  most  certainly 
agree with this suggestion, and look 
forward to hearing also from other 
readers telling of their experiences, 
not forgetting, of course, the reports 
we  also  look  forward  to receiving 
from users of larger receivers. 

2CK, Cessnock was heard advising 
members of a particular family in the 
coalfields city that an absent mem-
ber of that family was quite safe 
with friends in Newcastle.  Quite a 
long list of firms which were forced 
to close dewn, largely as a result of 
the floods, was also read out.  No 
doubt 2HD played its part during this 
disaster, whilst it is known that the 
A.B.C. sent observers to the scene to 
arrange special broadcasts. 
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alb, TRANS-TASMAN 
By J. F, FOX 

(special N.Z. Correspondent)  DIARY 
RADIO PIRATE TRANSMISSIONS 

Despite heavy penalties provided for the illegal oper-
ation of transmitters, there are still instances of such misuse 
of equipment.  Recently in N.Z. an operator using the 
tower frequency of Wellington Airport, gave false flight 
instructions, causing confusion to airline pilots in the vicinity. 

In the early part of June, a radio 
pirate inconvenienced aircraft ser-
vices in the Wellington district. 
Operating on frequencies used by 
the National Airways Corporation, 
a "ghost" voice was heard calling 
control towers purporting to be 
either Rongotai, Ohakea, Palmer 
ston  North,  Paraparaumu  and 
other towers. The pirate would be 
heard using the following proced-
ure: "Paraparaumu tower, this is 
Rongotai. Receiving you loud and 
clear. How are you receiving me? 
Out." 

On one occasion the controller at 
Paraparaumu was interrupted for 
10 minutes while giving pilots in-
structions. Pilots of airliners then 
relied on strict visual flying rules 
and disregarded any landing in-
formation  received  over  their 
radios. 

On  Wednesday,  June  1, Air 
Department notified the Post Office 
about the illicit transmissions on 
their  frequencies.  Immediately 
radio inspectors and the police 
swung into action. This was the 
beginning of an unceasing search 
wihch went on day and night till 
the unlicensed station was located. 

Technical equipment for mobile 
use was installed in Post Office 
vehicles, and these mobile units 
were supplemented by some techni-
cal resources of Air Department. 
The detection was made difficult by 
the  infrequent transmissions  of 
short duration. It was also unfortu-
nate that the news had to be re-
leased in the press, thus giving the 
culprit warning of the search. 

Indications pointed to the Para-
paraumu area, and the investi-
gators concentrated on this district 
with the result that on Wednesday, 
June 8, the search had narrowed 
clown to a single building half a 
mile from the Paraparaumu airport. 

On entering a garage at ttie rear 
of a house the searchers found a 
young man of 17 years of age in 
communication with amateurs. 

On June 17, Allan John Bull 
pleaded guilty in the Wellington 
Magistrate's Court to four charges 
of impersonating radio stations and 
operating  an  unlicensed  radio 
transmitter. Bull was fined £25 one 
one charge (to be paid in weekly 
instalments),  while  on  another 
charge he was placed on probation 
for two years. The remaining two 
charges were dismissed on payment 
of the costs. 

The  Postmaster-General,  in  a 
statement released on June 9, said, 
"I would like to pay public tribute 
to  the  ready  co-operation  and 
assistance afforded the Post Office 
in the location by the police, the 
Air Department and members of 
the Amateur Radio Transmitters' 
Association." 

Another Illegal Station 

During their search for the radio 
pirate,  investigators  located an-
other  unlicensed  transmitting 
station. A radio inspector and a 
member of the police in the course 
of their investigations located in 
a shed at the rear of a house in 
Paraparaumu a quantity of radio 
equipment,  including  two  ZC1 
transceiving units. Except for con-
necting two wires from a trans-
former and plug in the microphone 
the set was ready for transmitting. 

The owner admitted communi-
cating from one set to another on 
the premises, but was not con-
nected with the other unlicensed 
statioa. The fine of £20 was im-
posed for maintaining apparatus 
capable of transmitting wireless 
signals without a license. 

Think Before You Act 
At least six persons have been 

unable to resist the temptation of 
putting a 'signal on the air since 
the War Assets placed on sale ex-
service radio transmitters  at a 
very low cost. These transmitters 
ranged from the small walkie-talkie 
sets  to  the  high-power  trans-
mitters in the 500 watt class. The 
ZC1 transceiver which was used 
by the 2nd N.Z.E.F. in the Pacific 
is a set capable of putting out a 
signal to be heard for thousands 
of miles. 

CRIME DOES NOT PAY! This 
is also true in radio pirating, as 
. can be read from the above two 
cases. Post Office radio inspectors 
are always on the alert for any 
suspicious signals. The penalty for 
operating an unlicensed transmit-
ting station is a fine of up to £500, 
or six months' imprisonment. 

Tarawa Operators 
Remembered 
No doubt there are very few who 

have not heard of the epic battle 
fought at Tarawa, in the Gilbert 
Island, late in 1493. Very little has 
been told, however, of the small 
band of Post Office radio operators 
who,  with  their  soldier  com-
panions,  manned  secret  coast-
watching stations in these islands 
in 1941 and who so successfully 
maintained  vital  communication 
links in that area until their cap-
ture by the Japanese the following 
year. These operators were later 
brutally murdered at Tarawa by 
the ruthless Japanese, while an-
other, taken prisoner on nearby 
Ocean Island, later died of illness 
after having carried out very use-
ful communication work. 

In October, 1944, after the fate 
of the operators had been definitely 
proved, Mr. L. H. Steel, then Prin-
cipal  of  the  Radio  Division, 
General Post Office, and formerly 
Controller  of  Pacific  Communi-
cation's,  circularised  all  New 
Zealand radio stations and certain 
Pacific Island stations, as well as 
isolated radio staffs  throughout 

(Continued on page 38) 
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AROUND THE INDUSTRY 
E,M.I. TELEVISION COURSE AVAILABLE 

The various technical correspondence courses operated so 
successfully over the past few years by the E.M.I. Institutes 
Ltd., England, are now being made available in this country 

by E.M.I. (Australia) Ltd. 

Of particular topical interest is 
the  correspondence  course  in 
Basie Television, which has been 
written to give technical students 
a sound background in television 
techniques.  The course consists 
of 15 lessons, each of which is 
equivalent to a chapter in a text 
book, thus giving the student at 
the end of the course, a text book 
on basic television which is far 
superior to anything yet on the 
market. 

The  course  is  almost  non-
mathematical and attention is con-
centrated upon circuits designed 
to operate in modern high defini-
tion television systems, with par-
ticular emphasis being given to 
receiver  circuits.  The  printed 
matter in the lessons is supple-
mented as the course progresses, 
by the answers to the set lessons, 
together with comments and other 
notes provided by the tutors. 

As  this  television  course has 

been written  assuming a sound 
knowledge  of  basic radio tech-
niques as well as relevant mathe-
matics  and  physics,  intending 
students must provide evidence of 
satisfactory  knowledge  of  these 
subjects.  For those who may not 
have this necessary background, 
two other courses are available — 
namely, Preparatory Mathematics 
and Physics Course and the Basic 
Radio Course. 

The cash pricé of the Television 
Course is £.19/191-, whilst the Basic 
Maths.  and  Physics  and Basie 
Radio  Courses are £10/10/- and 
£26/57- respectively.  In all cases 
arrangements can be made to pur-
chase by instalments. 

Further  particulars,  together 
with  special  leaflets  describing 
each course in detail, can be ob-
tained by writing direct to E.M.I. 
(Aust.) Ltd., 2 Parramatta Road, 
Homebuah, N.S. W. 

Table Radiogram 

The new Table-Model Radiogram 
now available from Slade's Radio 
Pty. Ltd., should be of particular 
interest to all record enthusiasts. 
Housed in an attractively de-

signed, polished wood cabinet, this 
compact  five-valve  receiver  will 
give  excellent  results  on  both 
radio and gramophone pick-up. The 
gramophone unit is conveniently 
mounted at the top of the cabinet, 
access being gained by the use of 
a large lift-up lid. 
For  those  who  may  have  a 

gramophone motor or other com-
ponents on hand and would pre-
fer to build up their own radio-
gram, this cabinet is also being 
made available as a separate unit. 
If desired, it can be purchased 
with  a  ready-cut  chassis  and 
matched dial unit, thus forming a 
basic kit with which a receiver to 
your own  design  can be easily 
constructed. 
The prices of these components, 

which are now available, can be 
obtained by writing or calling on 
the  manufacturer,  Slade's  Radio 
Pty. Ltd., Lang Street, Croydon. 

HEAVY-DUTY 

TRANSFORMERS 

A new  series  of  heavy  duty 

power transformers, specially de-

signed  for  large  receiver  and 
amplifier applications has been re-

leased by Fergusons Transformers 
Pty. Ltd. 

Of a particularly  robust  con-
atructioge they  feature  vertical 
mounting and are finished in black 
brocade.  These are available in a 
wide range of secondary voltage 
and current ratings, and should be 
of interest to all designers and 
users of high voltage equipment. 
Filter chokes are also available to 
suit this range of equipment. 

An illustrated leaflet has been 
prepared describing these trans-
formers,  and  this  is  available 
from  all  distributors.  Trade 
enquiries should be made to the 
wholesalers  in  each  State,  or 
direct to Fergusons Transformers 
Pty. Ltd., McMahon Street, Wil-
loughby. 

RADIOTRON 6AR7GT 
Latest addition to the Australian-

made Radiotron range of valves is 
the 6AR7GT, a duo-diode pentode 
which is intended to supersede the 
6G8G in all future set production. 
The 6AR7GT is a self-shielded, 

multi-unit  valve  containing  two 
diodes and a remote cut-off pent-
ode in the one envelope.  This 
diode pentode is capable of pro-
viding high stage gain when used 
as an RF, IF or AF amplifier.  It 
can also be used as a reflex ampli-
fier with low distortion.  In con-
junction with the X61M and KT61, 
it could form the bees of a high 
performance  "straight"  3/4  re-
ceiver. 

A leaflet giving tentative opera-
ting data for this valve has been 
prepared,  and  is  available  on 
application to  the  Amalgamated 
Wireless Valve Co. Ltd., 45 York 
Street, Sydney. 

NEW OCTAL SOCKETS 
Of particular interest to all re-

ceiver  manufacturers  and  home 
constructors  are  the  two  high 
quality  octal  sockets now  being 
marketed by W m. J. McLellan 84 
Co. 

The black socket known as the 
ST28G is moulded from a high 
grade powder and is suitable for 
all  general receiver applications 
up to and including the medium 
frequencies.  This mounts in a lin. 
chassis hole, and has a 1 5/16in. 
mounting centre. 

The second socket, known as the 
ST28L, uses the saine mounting 
hole and centres as the ST28G, 
but has been designed for low losa 
applications.  It is moulded from 
in  a natural  grade  mica-filled 
powder, which makes it admirably 
suited for all high frequency appli-
cations.  One recent application is 
its use in conjunction with the 
638GX,  which  is  fitted  with  a 
special mica-filled base to prevent 
any oscillator drift. 

The price of the ST28G is 9c1., 
and that of the ST28G is 1/2d. re-
tail.  Supplies of both types are 
now  available  from  all  radio 
stores,  whilst  trade  enquiries 
should be made direct to W m. J. 
McLellan & Co., 55 York Street, 
Sydney. 

Please mention "Radio 
Science" when replying 

to advertisers. 
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Basic Electricity & Magnetism 
(Continued from page 24) 

energy is concerned. High leakage 
means that a capacitor is useless 
as a reservoir of stored energy. 
The general effect on non-con-

ductors, when subjected to high p.d. 
between their surfaces —as in the 
case when they are used as dielec-
trics in capacitors —is a decrease in 
their resistivity. That is, the leak-
age tends to increase as the capa-
citor age's.  It would seem that 
dielectrics  lose  their  electrical 
elasticity after service in some-
what the same manner as a spring 
loses its mechanical elasticity after 
long usage. 

The electrical properties of a 
dielectric required  for  capacitor 
service are thus a high dielectric 
constant, a high dielectric 'strength 
and a high, resistivity.  Also, be-
cause they may be subjected to 
relatively high compressive mech-
anical forces, they should be able 
to mechanically resist these forces. 
They should also remain stable 
under conditions of high tempera-
tures and humidities, and it is also 
desirable that they remain dimen-
sionally stable because any change 
in dimensions will change the capa-
citance of the capacitor and may 
affect the balance of the circuit 
wherein the capacitor is used. 

So far, a dielectric adequately 
fulfilling all these requirements has 
not been found, and a compromise 
is always necessary when selecting 
a substance for dielectric service. 
Thus, capacitors which are used 
under conditions of high tempera-
ture and/or humidity use dielec-
trics which will withstand these 
condition's even though the low 
dielectric constant and/or dielec-
tric strength of such dielectrics 
makes it necessary to have a bulky 
unit. On the other hand, capacitors 
which are to be subjected to high 
potential surges use a dielectric 
with a high dielectric strength, and 
other requirements must be re-
garded as secondary. 

Cost, of course, is another factor 
which  governs  the  selection  of 
dielectrics.  In general, capacitors 
which are compact, which can with-
stand high potentials, and have a 
high capacitance with low loss are 
expensive.  On the other hand, 
there is no point in deliberately 
using expensive capacitors when 
cheaper types will do a job satis-
factorily. 

Energy Storage in Dielectrics 

It is simple to determine the 
amount of energy that any given 
dielectric will store by using data 
found in the usual tables. 

We know that; 

W = 10E2 
= •IK'A E2 

Now, the volume of dielectric, v, 
is At, where A is the plate area 
and t is the distance between the 
plates. 

So that 

W  K'(At). (E) 2 

(t) 
= 11C' v . G2 — 9.15 

It is evident that for a given 
volume, v, of dielectric, the amount 
of energy which can be stored Is 
directly proportional to the dielec-
tric  constant,  and  also  directly 
proportional to the square of the 
potential  gradient.  Dielectrics 
with a high dielectric strength can 
store much more energy than those 
with a low dielectric strength. 

Trans Tasman Diary. 
(Continued from page 36) 

New Zealand, suggesting that a 
permanent  memorial  might  be 
established by the radio fraternity 
in honour of the operators who had 
lost their lives at Tarawa in such 
tragic  circumstances.  Operators 
were invited to subscribe towards 
a fund which would ultimately be 
used for the establishment of suit-
able memorials. 

A bronze plaque measuring 24 
inches by 18 inches and mounted 
on  a wooden  base  of  highly 
polished cedar was finished in Feb-
ruary of this year. Besides the 
names of the operators, the follow-
ing inscription was engraved on 
the  plaque:  "Erected  by  New 
Zealand and Island radio personnel 
In proud memory of nine radio 
operators  brutally  murdered  at 
Betio, Tarawa and at Ocean Island 
during 1942 after their capture by 
the Japanese." At the bottom is the 
following: "In the service of their 
country  they  faced  death  with 
courage undaunted."  The plaque 
has been erected in the main radio 
station at the administrative centre 
of the Northern Gilbert Islands. 

At the same time, framed copies 
of a Roll of Honour were placed 
in the radio stations at Beru and 
Funafuti. In New Zealand, copies 
were placed in the aeradio and the 
various coast radio stations. 

An appropriate gesture has been 
the presentation of a framed minia-
ture Roll of Honour to the next-
of-kin of the operators. The Roll 
of Honour, which have ,been deli-
cately drawn and handupainted in 
oils is of an attractive design. 

The main border is of oak leaves, 
acorn  motif  interspersed  with 
heraldic symbols of England, Scot-
land, Ireland and Wales, represent-
ing the Empire. The inner and 
outer borders are of Tawa leaves, 
while Mercury, representing the 
Spirit of Communications, with the 
New  Zealand  crest immediately 
below, is the central top figure. 
The lower centre of the rolls shows 
the Torch of Remembrance with 
the  Gilbert  and  Ellice  Islands 
Colony crest superimposed.  The 
lower cornets have coconut trees 
and coastal scenes with natives 
sailing Gilbertese canoes. 

CLUB NOTES & NEWS 
GLADESVILLE RADIO CLUB 
Aetivities at this  Club, which 

has  shortened its  name to the 
Gladesville Radio Club, during the 
past weeks have been mainly de-
voted  to  internal  lecture  pro-
grammes and other general club 
business.  For the benefit of all 
members and intending members 
the  programme  for  the  coming 
weeks is as follows :-
1st August, 1949: J. Read, VK2J0 

—Ionosphere Predictions and 
Rotary Antennas. 
113th  August,  1949:  Field  Day, 

144 m.c. —Direction finding and co-
operation with other clubs. 
9th  September,  1949:  Social 

Outing —Picnic to Eden Park. 
The field day on 144 m.c. will be 

of the same type of direction find-
ing contest as held last May, and 
which proved very popular. 
The club's transmitter is being 

used every Tuesday evening on 40 
metres and is becoming quite well-
known on that band. 
At a recent meeting some in-

capacitated  amateurs,  namely, 
VKS, 2AQQ, 2ANF and 2RR, were 
granted  honorary  membership — 
entitling them  to  all  members' 
rights without financial obligation. 

GEELONG AMATEUR RADIO 
CLUB 
At the annual meeting of the 

Geelong Amateur Radio Club, on 
June 22nd, a report on the activi-
ties of the club during the past 
year was given by the Secretary, 
Bob Wookey  (VK31C).  At this 
meeting new officers were elected 
and are as follows :—President, E. 
Kosseck  (VK3AKE)  Vice-Presi-
dents, W. Brownbill (VK3B17), A. 
Bell  (VK3ABE) ; Secretary,  B. 
Wookey  (VK3IC): Publicity Offi-
cer, F. Freeman (VK3ALG) ; Com-
mittee, W. Barratt (VK3 WT), Dick 
Heighway (VK3ABK), Peter Cart-
wright and J. Mitchell. 
The Secretary of the club has 

been advised by the Wireless In-
stitute of Australia that the club 
has been •accepted as a "Member 
Club" of the W.I.A. 
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Printed Circuit Techniques 
(Continued from page 20) 

Figure 1 shows a typical screen 
prepared in this manner.  Poly-
vinyl -alcohol yields a highly satis-
factory blocking material for the 
screen.  Although gelatin has not 
proven as good, it usually gives 
acceptable performance.  It is im-
portant that the blocking material 
be selected such that it will not be 
attacked by solvents in the paint. 

Silk screens once stencilled may 
not be re-stencilled satisfactorily. 
To use the metal screens for new 
designs, the backlog material may 
be removed by soaking them in a 
hot  hydrogen  peroxide  solution, 
containing 3 per cent. of 11,02 for 
30 minutes to an hour. Scrub with 
hot water, dry and remove any re-
maining trace's of organic material 
in an open flame. 

(e) Stencilling Procedure 
This practice is basically the 

same as any stencilling procedure, 
although certain precautions must 
he obesrved. For example, extreme 
care must be exercised to see that 
the screen is level and the mech-
anical  assembly  is  designed  to 
swing the screen clear of the plate 
after the printing operation. 

The next step is to place the 
paint on one end of the top sur-
face of the screen and bring the 
plate on which the wiring is de-
sired into contact with the bottom 
surface. A neoprene bar or "squee-
gee" is moved across the top sur-
face, forcing the silver paint ahead 
and through the open mesh of the 
screen pattern as illustrated in Fig. 
2. 

A uniform film thickness is thus 
obtained and very little paint is 
wasted.  When the screen is re-
moved, the plate bears a design 
which conforms identically to that 
of the stencil pattern.  Figure 3 
'shows a steatite plate before and 
after stencilling operations. 

Mesh marks will be left by the 
screen if the paint is allowed to 
get too thick or if too much pres-
sure is exerted on the squeegee. 
It is not out of order to emphasise 
the need for checking the viscosity 
is maintained within close limits 
if uniform electrical performance is 
to be obtained.  Other simple pre-
cautions are necessary, such as 
maintaining the underside of the 
screen free of paint during printing 
and to see that paint does not re-
main in the open meshes of the 
screen at the end of the day's 
operation. 

If  the  impression  appears 
smeared, it will be best to clean 
the screen by going through the 

painting operation a few times over 
a spare base plate rather than to 
attempt to wipe the screen.  Silk 
screens may be cleaned by using 
specially  commercially  prepared 
solvents applied very carefully with 
a soft cloth so as not to rub off 
the blocking portion. 

D.—OTHER METHODS OF 
APPLYING PAINT 

Other methods of applying the 
paint are apparently limited only 
by the ingenuity of the user. Some 
which appear to have good possi-
bilities include the use of decalco-
manias, the application of ordinary 
printing, engraving and lithograph-
ing techniques, intaglio process and 
the special pencils, fountain pens 
and fountain type brushes.  Print-
ing electronic circuits by the decal-
comania process is feasible and 
useful in applying the circuits to 
cylindrical and irregularly shaped 
objects, including vacuum tubes. 

The procedure is to print the cir-
cuit on a thin film which may be 
transferred to the final surface. 
After transfer, the film is removed 
by firing.  A firing operations may 
also serve to drive out residual 
solvents and binder from the paint 
and to fuse the metal to the final 
surface.  The wiring may be ap-
plied to the decalcomania film by 
many of the methods  described 
above, including stamping. 

The material in this article is 
compiled with acknowledgement 
from  the  National  Bureau  of 
Standards Circular, C468 — 
Printed  Circuit  Techniques. 
Readers desirous of obtaining 
this  complete  report  should 
write direct to the Superintend-
ent of Documents, Washington, 
25,  U.S.A.  The price of the 
booklet is 35 cents, post free. 

Attention has been directed to-
ward developing and using meth-
ods of printing electronic circuits 
involving the standard processes 
of printing.  Here also precedents 
have been set since, for example, 
metal designs are printed directly 
on  china  using  rubber  'stamps. 
Exactly the same practice is ap-
plied to printing circuits by using 
a rubber stamp bearing the circuit 
wiring pattern on its face. 

The stamp is first pressed onto a 
pad saturated with conducting ink, 
then onto the surface to be printed. 
If air-drying ink is used and the 
base  material,  for  example,  is 
plastic, the ink may be allowed to 
dry in air.  Plating will increase 
the conductance• is needed.  If the 

base material is glass or ceramic, 
the paint may be fired after the 
impression  and  essentially  the 
same steps followed as in the silk 
'screen method. Although this prac-
tice is well suited to printing con-
ductors, it may not work out well 
with resistors if close tolerances 
are necessary. 

The printing press process has 
been used to print spiral loop an-
tennas on the internal surface of 
radio cabinet's.  It is adaptable to 
any type of base plate.  After the 
paint has been applied, .the plate 
is subjected to the usual drying or 
firing procedure. 

A paint that has proven success-
ful for use in the printing press 
consists of a colloidal suspension 
of metallic silver, but with 'silver 
oxide and other inorganic materials 
kept to an absolute minimum.  Up 
to 70 per cent, of silver may be 
used.  The binder and solvent are 
volatile below 300° C. 

This paint produces an even coat-
ing, which adheres strongly to the 
base plate after firing at 300° C. 
Coatings of fair conductance are 
obtained even after firing at 110° 
C. 

Other variations suggested are 
the direct application of paint to 
the insulating surface by means of 
a rubber, metal or plastic block 
with the circuit ddsign prepared 
as a cavity or deep etch to hold an 
appreciable quantity of paint.  The 
primitive and seldom-used method 
of  employing  an  ordinary  lead 
pencil to draw a high resistance 
line on a sheet of paper should not 
be overlooked. The principal objec-
tion is the low conductivity and 
wide variation in resistance of the 
line. 

To date, no satisfactory method 
of applying the paint by dipping the 
work into it has been found.  The 
principal drawback to this method 
is the inability to control the thick-
ness of the paint. Tear drops are 
formed and an uneven distribution 
of  paint  usually  result's.  With 
plastics, dripping allows more of 
a chance for the solvent to attack 
the base material. 

It is possible that a satisfactory 
means of employing it might be 
worked out, using glass, steatite 
and  other  hard  base  materials. 
Tear drop's and fat edges may be 
eliminated by means of a recently 
described  electrostatic  method, 
which removes the excess paint, 
leaving a smoothly coated surface. 
Although this technique has not 
been  tried  in  connection  with 
printed circuits, it appears to have 
possibilities for printing circuits 
both by dip and flowing coating. 

(To be continued) 
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Fig. 6 (b). —An alternative arrange-
ment which ensures a high regulation 

efficiency. 

The  principle of operation  of 
these tubes is that, since they are 
filled . with  gas,  the  ionisation 
potential of which is constant, they 
will, once ionised, pass a current 
such as will endeavour to maintain 
a fixed potential, depending on the 
pressure of gas contained.  Should 
the  applied  potential  increase, 
then automatically more molecules 
of gas will be ionised, resulting in 
the passage of a heavier current, 
which, passed through the external 
resistance in the circuit, will cause 
a voltage drop such as to maintain 
the desired potential across the 
regulator tube. 

Check Operation 
Although these tubes are very 

versatile in their application, it is 
very necessary to ensure that they 
are operating on the correct por-
tion of their characteristic.  This 
entails proper calculation of the 
value of the series dropping resis-
tor, taking into account the differ-
ence between the supply voltage 
and  the  regulator  voltage,  the 
normal load requirement, and any 
variations which may be expected 
in these factors. 
It is advisable to proportion this 

resistor  so  that,  with  minimum 
supply voltage and maximum load 
a bleed current of 5 m/a is still 
permitted  to  flow  through  the 
regulator tube.  If the regulator 
current  'should  fall  below  this 
Value, it is rather prone to set 
itself up as a relaxation oscillator, 
with unpredictable results on the 
circuit performance. 

A suitable value for this resistor 
may  be  calculated  from  the 
expression: 

Es — E 

+ 5 
max 

THE MAILBAG. . 
In view of the late publishing 

date of this issue of RADIO 
SCIENCE, the replies to letters 
which normally appear in these 
columns have  been forwarded 
by ordinary mail, so as to avoid 
undue delay in passing on the 
required information. 
The  "Mailbag"  will  be  in-

cluded in the September issue 
once  again,  and  consequently 
any reader having a technical 
problem  dealing  with  any  of 
our circuits or articles is re-
quested to write in and a reply 
will be given through the col-
umns of this magazine. 

where R is the value of the drop-
ping  resistor  in  thousands  of 
ohms, Es is the minimum supply 
voltage, and Im is the maximum 
load current, whilst Er is the volt-
age rating of the regulator tube. 

Shown in Figure 6b is an alter-
native form of voltage regulator, 
which is capable of handling much 
larger variations in current and 
voltage than the shunt connected 
type. The principle of operation is 
that, under normal load conditions, 
the plate voltage of the 6J7 (and 
hence the grid voltage of the 6L6) 
is such that a voltage drop of the 
order of 75 volts occurs across the 
6L6.  In the event of the voltage 
applied to the load falling for any 
reason, the difference between the 
voltage applied to the grid of the 
6J7 and its cathode voltage, as 
stabilised by the VR150 will be in-
creased, thus applying more bias 
to the tube. 

This reduces its plate current, 
and the resultant rise in anode 
potential decreases the effective 
anode resistance of the 6L6, thus 
compensating for the drop in volt-
age.  In practice this scheme is 
found to be most efficient, for two 
reasons.  Firstly, the degree of 
regulation obtained is high, being 
of the order plus or minus .5% 
for a change in load from 30 ma. 
to 60 ma., and secondly, a most 
flexible means of controlling the 
output voltage is provided by the 
use of a potentiometer in the 6J7 
grid circuit, which determines the 
mean operating point of the circuit. 

Whilst several types of oscillator 
have been discussed in this article, 
the foregoing general remarks do 
not apply in particular to all types. 
For instance, the circuit shown in 
Figure 3 will not normally require 
to be supplied from a regulated 
source and all factors taken into 
consideration this would appear to 
be the most 'satisfactory form of 

oscillator to fulfil the amateur re-
quirements. 

With regard to this circuit of 
Figure 3 it will be found that since 
the isolator stage has an untuned 
anode circuit no difficulty will nor-
mally be encountered with para-
sitic oscillations when this unit is 
employed to directly drive an ex-
crystal  oscillator  stage.  Should 
difficulty be encountered in this 
regard a useful expedient is to 
employ the arrangement shown in 
Figure  3b  where  the  oscillator 
output is fed to the cathode of the 
driven stage which then becomes a 
cathode-driven stage with the con-
trol grid acting as an electro-static 
shield  between  the  input  and 
output circuits. The power require-
ments of this unit are quite modest, 
being a total of about 50 m/a at 
200 volts, which can be supplied 
from either a built-in power supply 
or  from  the  main  transmitter 
power supply if the transformer 
ratings are such as to take the 
additional load. 

Microwave Communications 
Continued horn page 7 

safety or to the alleviation of 
an emergency endangering life 
or  property.  These  include 
police  service,  except  inter-
national; fire service; forestry 
service; highway-maintenance 
service, and special emergency 
service. 

References 
(1. See  "The  Klyston-Radar-Re-

ceiver  Oscillation,"  by  Dr.  Sidney 
Krasik, Westinghouse Engineer, Nov., 
1946, p. 176.) 
(2. See "Radar Receivers and Crys-

tal Rectifiers," by Dr. S. J. Angello, 
Westinghouse Engineer, March, 1947, 
p. 54.) 
(3. "Microwave  Propagation  Tests 

over 40- Mile Overland  Path," by A. 
L. Durkee, Feb., 1948, Proceedings of 
the I.R.E.) 

(Answers to Problems on Page 23) 
1. 14.73 ft. lbs. 
2. (a) 1,334 volts. 

(b) 4.9 ft. lbs. 
3. (a) 100 sq. cm. 

(b) 1 m m. 
' 4. 300 volts. 
5. A simple case of when algebra 
fails.  Algebraical  relationships 
are  true  only  within  certain 
limits.  Later we will introduce 
the notion of calculus, a branch 
of mathematics that makes pro-
visions for the practical varia-
tions we find in everyday life. 

6. A trick question to see if you 
have remembered  our analysis 
on capacitors in series.  When 
capacitors in series are charged, 
all receive the same amount of 
charge regardless of their indi-
vidual  capacitances.  Charges 
given A and C are, therefore, 
500 micro-coulombs; all capaci-
tors  are  charged  the  same 
amount. 

7. Tricked  again?  The  TOTAL 
charge for the entire system is 
still 500 micro-coulombs. 
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MODEL MKI 
MULTIMETER KIT 
The  MK1 Is 
an AC-Ix.' Multimeter Kit you 
can build yourself.  Handy com-
panion to the oK1 and the same 
neat size —tiin_ x 8in. x 2/11n. 
Uses popular 4th. square type 
meter with clear multi scale. All 
wiring  instructions  and  con-
structional details are given with 
the  kit and photographs and 
circuit diagrams make assembly 
simple.  All parts are prefabri-
cated so that fitting is simple. 
Price £8 plus sales tax. 

I t  u o  S E T S  • R A DI O  p 

yt o  e EL E C T R I C A L  TES T  E10 1" 1111  

Manufacfured by RADIO EQUIPMENT PTY. LTD., 5 NTH. YORK ST., SYDNEY. BU3169 (2 lines) 

MODEL OKI 
OSCILLATOR KIT 

For years of active service, yet 
simple to build at home with a 
few ordinary tools!  The "Uni-
versity" OKI Oscillator kit cov-
ers all fundamental frequencies 

in the average receiver —the dial 

is specially calibrated.  Stan-

dard  batteries  are  used  and 

each OK1 Kit IS complete with 

instruction book giving pictures 

and wiring diagrams and all 

parts.  Price £8 (plus tax). 

• 

* BACK AGAIN . . . THE PK4X 4-VALVE 

PORTABLE KIT 
The new PK4X Portable is a greatly improved radio incor-
porating all the latest technical advances.  The kit set in-
cludes bantam type valves and Mini-max batteries. Genuine. 

leather covered carrying case is provided, all parts (in-
cluding 5in. Alnico speaker), plans and illustrated instruc-

tion book are provided for easy assembly with a few simple 

tools. 
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RED  LINE 

TRANSFORMERS of DISTINCTION 
HIGH FIDELITY OUTPUT TRANSFORMERS. 

(DESIGNED SPECIFICALLY  FOR  NEGATIVE 
FEEDBACK APPLICATION) 

The "AF" series of output trans formers  are  super-h igh  
quality units designed for minimum phase shift, and are 
intended for use in the types of negative feedback circuits 
using gain reduction of the order of 20 to 25 db and in 
which the transformer itself is included in the feedback 
loop. A very large sub-division and interleaving of primary 
and secondary coils confines leakage inductance to the 
phenomally low values shown, while the open circuit in-
ductances are designed to have a signal attenuation not 
greater than 3 db at 3.3 cps.  Upper frequency attenuation 
is not more than 3 db at 60 KC. 

ITEM 52.  TYPE No. AF8 
Primary Z: 10000 ohms pp. ..  . 
Secondary Z:  . 
Insertion Loss*  
Primary L: 125 HYs• ** •*: ••  ** * 

• db 2 *t • Freq. Resp: +/- 0.2  0 cps o 
Base: 4 a 41 x 41" H  . 
Mntg: VII  . 

ITEM 53. 
Primary Z: 10000 ohms DIP• •• -• • 
Secondary Z:  • .  . 
Insertion Loss • . 
Primary L: 125 Hyi • . •• ** •  • • •  •. •• .  
Freq. Reap: +/- 0.2 db20cps to 3 
Base: 4 x 4/ x 41" H • • •• •• •• •• 
Mntg: VII 

ITEM 54. 
Primary Z: 10.00 ohms pp... 
Secondary Z:  „ 
Insertion Loss . * 
Primary L: 125 Hys. .• . *. .  
Freq.,Resp: +1- 0.2 db 20 cps to 
Base: 4 x 41 x 48" H  .• 

.  Plus 34 db 

.  .. 8 ohms VC 
.  .. 0.5 db 
*Leakage L: 22 mHY 
30 Kc/s. 
.  :Wgt 7 lbs. 

TYPE No. AF10 
.  Plus 34 db 
. .. 500 and 125 ohms 

•-  Leakage 1•,:•17 411(11Y 
Kc/s. 

Wgt 7 lbs. 

TYPE No. AF15 
.  db 15 and 38Plounsm334 

• Leakage L: •1•943 VC ;15113 
30 Kc/s. 

Wgt 7 lbs. 

The "A W" range of output transformers listed in this 
section  comprises  units  designed  specifically  for  high 
fidelity audio systems.  Their features are multiple inter-
leaving of coils to confine leakage reactance within the 
limits permissible  consistent with the  upper frequency 
range covered; adequate primary open circuit inductances 
to maintain low frequency amplification;; and compara-
tively large core structure of high quality transformer 
steel to reduce iron distortion by the use of low flux induc-
tions at the MAXIMUM R.M.S. signal frequency voltages 
incurred. 
OCL values are measured at 5v AC at 50 cycles per second, 
representing an extremely low signal level.  The aotuai 
inductance at — 3 db from rated output would be many 
times that given. 

ITEM 55.  TYPE No. AWI 
Primary Z: 5000 ohms, pp. ..  Plus 33 db 
Secondary Z:  .. 8 ohms or 2 ohms 
Insertion Loss _  .•  .•  0.44 db 
Primary L: 80 Ilys.  . . . •.  .. Leakage L;  85 m HY 
Freq. Resp: +1- 1 db 30 cps to 12 Kc/s. 
Base: 4 x 4 x 48"  Wgt 6 lbs. 

ITEM 56.  TYPE No. AW2 
Primary Z: 5000 ohms 
Secondary Z: 
Insertion Loss _ 
Primary L: 85 Hys. 
Freq. Resp: +/- 1 dl) 
Base: 4 x 4 x 48" 11 
Mntg: VII .. . 

RED LINE 
DI 

QUEENSLAND: 
A.  E.  Harold. 
B. Martin. 

SOUTH AUSTRALIA: 
Gerrard  & Goodman. 
Ract o Wholesalers 
Pty. Ltd. 
Newton McLaren Ltd. 

Pe. .• • .. . Plus 33 db 
.5i10 ohms• • . and 125 ohms .  . 

.. 0.38 db 
• :•.••  ••. Leakage L: 70 mHY 

cP•s•io..1-2 •K eis*  Wgt 6 lbs. 
•.  ••  "   
• • • • •• • • • • • • • 

EQUIPMENT PTY 
STRIBUTORS: 
vICTORIA: 
Homecrafts Pty. Ltd. 
Arthur J. Veall Pty. Ltd 
Radio Parts Pty.  Ltd. 
Howard Radio, 
ec all leading wholesalers. 

NE W  SOUTH  WALES: 
United  Radio  Distributors 
Pty. Ltd. 

A GU AR A NTEE 

ITEM 57.  TYPE No. AW3 
Primary Z: 3000 ohms pp. .. .. .. .. *. .. ..  Plus 34 db 
Secondary Z: .. .. .. .. .. .. .. .. .. 8 ohms or 2 ohms 
Insertion Loss  . .. .. .. .. .. .. .. .. .. .. .. 0.5 db 
;.'rrelmciariesLp::41_1-7I-1. ., ._......... .... ..i. Ï.. L.e.a.k.ag.e. Lw:8615 6nalarbs.  

4 Mntg: VII  
db 30 cps to 1  c/s. 

Base: 4 x 4 x 41" H .. 
"3" ie 1V' 

ITEM 58. 
Primary Z: 3000 ohms pp  Plus 34 db 
Secondary Z:  500 ohms and 125 ohms 
Insertion Loss .. 
Primary L: 40 Hys.  .: ••••••••••••:.*Lia*.kge *L .a00;e, e. 
Freq. Resp: +1- 1 db 30 cps to 12 Kc/s. 
Base: 4 x 4 x 41" H  Wgt 6 lbs. 

TYPE No. AW4 

ITEM 59. 
Primary Z: 12,500 ohms pp. 
Secondary Z:  .• . 
Insertion Loss .. 
Freq. Resp: +7- 1 db 30 cps 
Base: 4 x 41 x 4" H 

ITEM 60. 
Primary Z: 12,000 ohms pp. . 
Secondary Z:  . 
Insertion Loss .. 
Primary L: 100 HYs.  .• • • • 
Freq. Resp: +7- 1 db 30 cps 
Base: 4 x 4 x 41" H  . 

TYPE No. AW5 
.  Plus 39 db 

.  500 ohms and 125 ohms 
.. Leakage L: 150 mHY 

to 15 Kc/s. 
Wgt 9 lbs. 

TYPE No. AW6 
.  Plus 33 db 
. .. 500 ohms and 125 ohms 

.. 0.6 db 
. . .  Leakage L: 140 m HY 
to 12 Kc/s. 
.  Wgt. 8 lbs 

ITEM 61.  TYPE No. AW7 
Primary Z: 12,000 ohms pp. ..  Plus 33 db 
Secondary Z:  8 ohms or 2 ohms 
Insertion Loss ..  .•  .•  .. 0.6 db 
Primary L: 100 Hys.  .. Leakage L: 140 mHY 
Freq. Resp: +7- 1 db 30 cps to 10 Kc/s. 
Fiase: 4 x 4 x 41" H .6 

18' 

ITEM 62. 
Primary Z: 150 ohms p 
Secondary Z: . 
Insertion Loss .. 
Primary L: 35 Hys. 
Freq. Resp: +7- 1 db 3 
Base: 4 x 41 x 41" IT.. 
Mntg: VII ..  .• • 

ITEM 63. 
Primary Z: 6600 ohms p 
Secondary Z:  . 
Insertion Loss 
Primary L: 75 Hys. 
Freq. Resp: +/- 1 db 3 
Base: 4 x 41 x 41" 11 .. 

ITEM 64. 
Primary Z: 10,000 
Secondary Z: 
Insertion Loss .. 
Primary L: 80 Hys 
Freq. Resp: +1- 1 
Base: 4 x 41 x 
Mntg: VII .. .. • 

TYPE No. AW8 
P• .•  ••  •  .. Pius 37 db 
.  . .. 5'0 ohms and 125 ohms 

r:  •Leakage L: 28 mHY 
O (ps to 12 Kc/s. 

"  • •• •• Wse. 9 lbs. 

TYPE No. AW9 
p. ..  Plus 37 db 
.  500 ohms and 125 ohms 

.. 0.6 db 
..  Leakage L: 85 m HY 

) cps to 10 Kc/s. 
Wgt 7 lbs. 

T1 PE No. AW10 
ohms pp. ..  .•  Plus 39 db 

500 ohms and 125 ohms 
.. 0.5 db 

• •..•  • •  i..,eà*tage L: 100 m HT • 
db 30 eim to 10 Kc/s. 

W gt tfl lbs. 

LTD. TRANSFORMER ENGINEERS 
WORKSHOP:  Cent. CITY  OFFICE:  MU 6895 

4773.  (3   2 Coates Lane. lines),  157  Elizabeth 
Melbourne.  Street, Melbourne. 

Keep this Catalogue. Cut 
out and file for reference. 
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