


VALVES AND THEIR APPLICATIONS 
By M. G. SCROGGIE, B.Sc., M.l.E.E. (Eng.) 

No. 1 : Mullard GAS TRIODE EN31 

0 1.<' the many applications of "soft" 
triodes, time base generation has 
always been the most widely used. 

The main reason for its popularity in 
that role is its ability to change suddenly 
from zero to a heavy current at a low 
voltage, and thereby to discharge a capac
itor so quickly that the flyback is accom
plished in a very small fraction of the 
whole cycle. By contrast, a hard valve 
requires some amplified triggering device 
to speed up the discharge, and even then 
is not such a low-resistance "switch." 

The explanation, of course, is that 
directly any appreciable electron current 
starts to flow through low-pressure gas 
the molecules are ionized, or split up into 
electrons and positive ions, forming an 
electrically - neutral highly- conducting 
cloud. It is as if the anode were suddenly 
brought within a microscopic distance 
of the cathode. There is, therefore, 
negligible space charge for the anode 
voltage to overcome, even when the 
current is very heavy. The anode-to
cathode voltage is constant at quite a 
moderate critical value, depending on 
the kind of gas enclosed. Although the 
33 V drop in the EN31 is higher than in 
a mercury-vapour valve, its character
istics depend much less on temperature. 

Since the control grid is smothered by 
the conducting cloud, it ceases to control, 
until the discharge ends through lack 
of voltage to maintain it. Its function 
is then to determine, by the negative 
bias applied, the anode voltage needed 
to re-start the discharge, and hence the 
amplitude of the time-base voltage. In 
the EN31, 1 volt of bias is needed for 
every 35 additional anode volts. 

The circuit diagram shows a very 
simple form of time base generator. It 
can, of course, be modified to include 
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one of the usual linearizing devices, but 
except for precise work the stroke is 
linear enough if restricted to about 30 
or 40 V. Rl controls the speed of charge, 
and R2 the bias. R3 is to limit the dis
charge to the rated maximum, 750 mA. 
2 n for every HT volt is well on the safe 
side. R4 is another limiting resistance, 
to keep the grid current within 1 mA. 
The total resistance between grid and 
cathode should be 0.75Mfl at most; 
preferably less. Since the bias required 
for control is only 1-35th of the anode 
voltage, the heater can be joined to -HT 
without fear of its voltage to cathode 
exceeding the rated limits of 0 to -100 V. 
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e d i t o r i a I. 

Illegal Transmitters 
Probably the most sensational news during May was the appearance 

of a secret radio station in Melbourne, operating under the call sign DIG. 
This station made its first broadcast earlier in the month by the simple 

procedure of suddenly jamming one of the Melbourne commercial station's 
programmes and requesting the listening audience to re-tune their receiver 
-to a stipulated clear wavelength. The nature of the broadcast which fol
lowed was of a political theme specially directed towards all ex-servicemen. 

Whilst there have been previous illegal broadcasts in this country, by 
the unauthorised operation of transmitters, this is the first time it hos 
reached the status of an "underground" movement. Ignoring the moral 
aspect 1Jnd political viewpoints propounded, however good, bad or necessary · 
they may have been, the seriousness of such an action cannot be over
emphasised. The question at stake merely resolves itself into one of a 
breach against the Wireless Telegraphy Act, which carries certain penalties 
for this type of action. It is essential that this Act be enforced impartially 
otherwise, as will be readily realised, chaos and consternation could pos
sibly result from other illegal broadcasts. 

According to some reports it appears certain that the equipment used 
was similar to that now readily available through many disposal sources. 
The official view to this indiscriminate sale of radio transmitters without 
any check on the purchaser, is to be deplored. Whilst undoubtedly many 
of the sales are made to legitimate amateurs, it is felt that much of the 
equipment is finding its way into the possession of irresponsible persons, 
who by their subversive actions may later prove an embarrassment, as well 
as being an annoyance to the listening public. 

Probably the simplest procedure to overcome this serious problem, 
would be to record or limit the sales of such transmitting equipment, so that 
in the event of any future emergency arising, the location of much of this 
equipment should be readily known. 

9n C0his 9ssue 
The description of . our new receiver-"The Caravan Five" should 

interest many readers. Although this was designed primarily as a high 
performance, low current drain receiver for a .caravan, it should prove 
equally popular with all country radio . enthusiasts and be an asset in any 
country home where such features are desired. 

A perusal of the circuit. will indicate its somewhat unorthodox nature 
in that it combines the l .4v. miniature valves with a standara AC output 
valve : This combination successfully giving rise to the required · low drain 
as well as providing ample power output for most needs. 

Pursuing our policy of providing the reader with a complete radio cover
age, this month we present a new feature-Trans-Tasman Diary. This will 
be a regular monthly bulletin dealing mainly with radio activities in New 
Zealand, and is a feature which we anticipate will become very popular with 
both our local .and overseas readers. 

It is sugg~sted that all New Zealand readers co-o~rate with our cor
respondent by providing him with a ready source of interesting news con
cerning any radio activities in the Dominion. 
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KITS! KITS! 
ALL WAVE BATTERY TWO 

As featured this issue--eomplete kit 
includes all parts, 1 T4, 3S4, Batt's 
etc., 'phones extra. 
(Freight extra) £ 6-19-6 

"MINIVOX" 3 VALVE A.C. KIT 
A midget mains kit, uses 6SJ7, 6V6, 
6X5. Complete Kit includes Midget 
Pow.-Trans, Chassis, Valves, Speaker, 
Cabinet, etc. . . . . . . . . • . £ 9-2-6 

Freight extra .) 

"MINIMINOR" 4 VALVE PERSONAL 
KIT. 

A 4-Valve Midget Portable. B/cast 
Super-Het. Uses 1 T4, 1S5, 1R5, 3S4, 
3in. Rola, Cad.-plated Chassis. Com
plete Kit includes all parts, plus 
beautiful shoulder strap carrying Cab
inet . . . . . . . . . . . . . . . . £ 12-19·6 

(Freight extra.) 

"MINIMINOR" 4 VALVE A.C. 
MIDGET MANTEL KIT. 

Kit includes EK32, EBF35, 6V6, 6X5, 
Sin. Rola Midget P. / Trans., choke and 
all parts, plus attractive Cabinet. 
(Available in Colours.) .... £13-17-6 

(Freight extra.) 

"THE CARAVAN" 6 VOLT KIT. 
A "Super,. Receiver, for country or 
holiday use. Has RF Stage-high 
output-low battery drain-very sen
s itive - uses (2)1T4 (1)1R5 (1) 1S5 
(1) 6V6, etc. Complete kit, Jess Spk. 
and case ............ £19-17-6 

(Freight extra.) 

"DUAL WAVE SEVEN" KIT. 
Latest Hi-gain Circuitr-(2) 6SK7 (1), 
ECH35, (1), 6SQ7 (1), EL33 (1), 
6S57 (1), 5Y3, etc. RF Stage, using 
Midget 3 Gang. Complete Kit includes 
all parts, less Case and Speaker. 
(Speaker for above 37/6 . .• £24-11-11 

(Freight extra) 

KIT BUILDERS. 
We will quote you for any kit that 
you require. Write and forward de
tails kit required. Should you desire, 
we will for a small additional charge, 
custom-build, wire, and check your 
kit for you. 
Radio Kits, Amplifiers, Public Ad
dress, Intercommunication systems, 
Communication Receivers, built, modi
fied, or repaired. 

"FREE TECHNICAL SERVICE." 
"HI-FIDELITY 807 P/P AMPLIFIER 
A custom-built unit. Uses all high 
class components. (1) 6SJ7 pre-ampli
fier, (2) 6SN7 (2), 807 (1), 5U4G
Red Line Transformers and Chokes. 
A unit for the discriminating Hi
Fidelity Lover. Complete unit, wired, 
tested, Jess speaker . . £32-12-7 

(Freight extra.) 

"FIRST RELEASE" F.N. MIDGET 
PORTABLE AMPLlFIER 

Size only 9in. x 6in. x 5in. Weight 
12lb. Full 7% watt output. Uses 
807's-two inputs, Grey or Maroon 
Crackle Finish Cabinet with 
Chrome Carrying Handle. Complete 
unit, wired, tested, etc. Speaker extra. 
(Freight extra.) £18-7-6 

"COUNTRY MAN'S" "SPECIAL" 
OFFER. 

A special purchase of a manufac-. 
turer's discontinued line. Allows us 
to offer the following "Special." A 
5 Valve Vibrator B/cast Chassis, 
fully wired, tested, and complete with 
valves and vibrator. But less speaker 
anJi case. Originally sold for £ 38-12-6. 
Our Special Price to Clear £ 13-10-0 
Few only--'So Hurry! (Freight extra.) 

"PERSONAL PORTABLE" 
"SPECIAL" 

,Another .. Lucky" purchase enablres 
us to offer you this exceptional bar
gain. But hurry, as stocks will not 
last. This "Special" is also a manu
facturer's discontinued line. A Five 
Valve, Personal Portable, Foundation 
Kit, Custom-made, Cadium-plated 
Chassis. All Coils, Tuning Conden
ser, IF's, Special Vernier Dial. Switch 
Pot, Knobs, and all Hardware. Com
pJete Kit, Jess Valves and case, as
sembled ready to wire. Original Price 
£24-17-6. 
OUR PRICE . . . . . . . . . . . . 142/
Beautiful Coloured Leather Cases for 
the above. Shoulder etrap. Built in 
Aerial, 42/-. (Freight extra.) 

RADIO PARTS 
Midget 
Midget 
Midget 
Midget 
Midget 
Midget 

Q Plus, AE-RF Coils 6/11 
Q Plus OSC Coils 4/9 
Q Plus lF Transformers 13/9 . 
Q Plus D / W Coil Kit 44/
Q Plus Loop Aerials . . 6/11 
Q Plus Flush Knobs, Colours 

1/3 
Midget FN Reinartz Coil . . 6/6 
Midget FN 150/150V 30MA P/Trans. 

26/7 
Midget Filter Chokes • . • ... 8/ 9 
Midget 8MFD Electros . . . ,.... . . 3/9 
Midgef Single Gang Cond's 12/6 
Midget Two Gang Cond's • • . . 19/3 
Midget Three Gang Cond's . . . . 25/3 
Midget Trimmers . . . . . • . . . ._.1/1 
Midget Off-On Switches . . . . . ... 2/ 9 
Midget DP47 Dials with Knob!. 7/11 

Minivox Chassis 6/6 
Miniminor Port Chassis 14/6 
Miniminor Mantel Chassis 11 / 6 

Minivox Cabinet in Colours 23/6 
Miniminor Mantel Cabinet 25/6 
Miniminor Port. Cabinet in Colours 

28/10 
V olume Controls, any . ize 
.5 and lm. Switch Pots . • . . 
6.3V Pilot Lamps-U.S.A. . . . . 
'h Watt Insulated Resi•tors .. 
1 Watt Insu lated Resistors 
3\\' W /W Resistors . . . . 
Amphenol Valve Sockets, 4, S. 

3/9 
7/6 
1/~ 
9d. 
1/-
1/9 

6, 7, 8 p . . . . . . . . . . 1/-
Rubber Gromm>tts . . . . 2d. 
Resin Core Solder \Roll) 1/-
Hook-Up Wire, any colour 2d yard 
New 2~00 Ohm Phones . . . . . . 27/6 

"JUMBO" SURPRISE PARCELS. 
We urgently require space in Our 
factory for manufacturing purposes, 
and so mus t clear out sur plus stocks, 
etc. We have boxeu these surplus parts 
into Sib. Jots. They include Resistors , 
Condensers, Sockets, Terminals, Brkts ., 
Plugs, Hardware, etc. We must have 
the space, so out they go at 15/- each 

(Fr.eight Extra Please.) 

F. N. Radio & Electronic Co. 

TUBES. 
Thousands of 
Tubes, if not 
listed here 
write us for 
Price. 
"SPECIALS" 

Type 27 . . 6/6 
TyJ>e IE7 • • 7/-
902 C.R.T. 35/-
5BP1 CRT 37/6 

(Post extra.) 
1A3 19/9 
1A7 22/10 
1D8GT 29/10 
1G4 19/3 
1G6 20/9 
lB' 17/10 
1J6 18/10 
llA 20/3 
1P5 22/4 
IN5 22/4 
1Q5 22/10 
1S5 20/6 
1T4 20/6 
2X2 12/9 
3S4 20/6 
3V4 20/6 
5U4 19/3 
5V4 19/10 
5Y3 14/7 
9001 21/-
9002 21/-
9003 21/-
9004 5/-
9006 $/-
VR105 20/-
VR150 21/-
5BP1 37/6 
6AC7 21/-
6AK5 26/-
6AG5 26/-
6AG7 27/-
6AUS 21/10 
6B6 18/4 
6BE6 21/10 
6BA6 21/10 
6C4 26/-
6C5 19/S 
6F6 17/10 
6F8 21/3 
6m 20/9 
686 19/3 
6J5 16/9 
6J6 26/-
6K7 20/4 
6J7 18/4 
6K8 19/10 
6L6 21/-
6L7 21/6 
6N7 21/7 
6R7 20/9 
6Q7 19/9 
6SA7 19/4 
6SH7 19/6 
6SJ7 18/4 
6SK7 18/4 
6SL7 21/6 
6SN7 23/6 
6SS7 18/9 
6SQ7 18/4 
6V6 18/10 
6X5 20/10 
7C7 17/3 
12SF7 20/-
12SK7 19/3 
12SQ7 18/4 
14C5 17/3 
14C7 17/3 
14S7 17/3 
14W7 17/3 
S2L7 25/-
80 14/7 
807 16/6 
813 16/6 
837 25/-

"HI-FIDELITY EQUIPMENT" 
Red Line, Power Trans .• 807 P/P 

£3/15/-
500/500 at l 75MA-6VllA-6'.3V2A-

6-3V2A 
Red Line Filter Choke--12h-l 75MA 

Li'.,,e 
33/6 

Red Smoothing Choke-25h-
60MA .. .. . . .. 29/6 

Red Line Output Trans-10,000 ohm 
PRI-807 P/P-SEC. as re-
qu ired . . .. .. . . . . .. 122/6 

"ACOS" GP10 X'TAL PICK-UP 
Pressure only 11,i ozs.--output 1.7 

volts. 
Special Non-Shock Mounting~om-

plete .. .. .. .. .. .. 48/6 
"Acos" GP9-Magnetic Plug, output 

36 volts .. ........ 42/1 
0 Acos" GPlO Xtal Replacement ·un-

breakable Cartridges . . 22/-
Quotes Supplied on ANY Equipment 

not listed. 

"AMERICAN MADE GENEMOTORS" 
A Real Bargain. 

Input 28V-Output 225V at 60 MA 
115/-

Input 28V-Output 590V at 150 MA 
155/-

(Rail Freight only.) (Freight extra.) -
"6 VOLT-VIBRATOR POWER 

PACKS 
Input 6 voltr-Output 228 V at 60 MA, 

tapped 228-180-150--120--and 
12 volts-fully filtered-ideal for 
country use-strong steel case. 
25lb. weight. A Bargain 85/-

(Rail Freight only. ) (Freight extra.) 
- ---

"INSTRUMENT CASES" 
New, Welded Steel Cases, Grey Crackle 

Finish-9in. x Gin. x 5in.-ideal 
for VTVM's, Sigtracers-Genera ... 
tors, etc. .. .. .. .. .. .. 22/6 

(Freight extra.) 

"INSTRUMENT PROBES" 
Highly Polished I Metal Probes, with 

Poly Tip and Base, for VTVM's, 
S/ Tracers, S / Generators - takes 

Button Base Type Valves .. 8/6 
(Post extra.) 

As above, fitted with l T4 or 9001, and 
Res. capacity, Network, Shielded 
Flexible Cable, etc. .. .. 42/6 

(Post extra.) 

FEW ONLY-IN21-IN24 GENERAL 
EIJECTRIC CRYSTAL DIODES. 

Price on application. 

300 Ohm Twin Feeder Transmission 
Line .. .. .. .. .. .. 1/2 yard 

Midget UHF Valve Sockets (Button) 
4/9 

EF50 Mica Filled Sockets .. .. 5/4 

959-955 Acorn Ceramic Sockets 5/9 

813 Type Valve Sockets, Ceramic 9/8 
Heavy Duty 120 Watt Resistors-

6000 3/-; - 15,000 3/6 
Flexible :J,iin. x 4in. Couplings 1/3. 
Imfd. 4000 v Can Condensers .. 2/ 
A cos Midget X'tal Mikes, 1 11/16in. 

x 5/16in. .. .. .. .. .. .. 29/-
"Eng lish" Power Transformers, heavy 

duty-400/400 V at 250 MA-4 v 
at 5 amp. .. .. . . .. . . 45/-
(Rail Freight only-extra.) 

265 MILITARY RD., 

CREMORNE, N.S.W. 
'Phone: 

XM7063 
SAME DAY MAIL ORDER SERVICE 

"F.N. RADIO has the stocks" 
CALL, WRITE or PHONE ALL ENQUIRIES ANSWERED PROMPTLY. 

"F.N. RADIO can help you" "F.N. RADIO knows how" 

Please Mention RADl9 SCIENCE when Replying to Advertisements, 
RADIO SCIENCE, .June, 1948 
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RADAR AIDS TO NAVIGATION 

MULTIPLE TRACK RADAR. RANGE 
By JOHN G. DOWNES, B.Sc., A.M.l.E.E. 

, 
In this second article the nature of "hyperbolic 
navigation," which forms the basis of the 
M.T.R. system is discussed in some detail. 

System.s of navigation such as Gee, 
LO'ran and Decca, names which have be
come familiar during and since the recent 
war are based on the hyperbolic principle, 
and it will be well to devote a little time 
to studying it, since it is of prime im
portance. 

It was described in the first part of this 
article how track guidance systems which 
are based on the comparison of signal 
intensities are inl}erently subject to error 
as a result of reflections or other causes 
changing the relative intensities. It is · 
natural, therefore, to look for some other 
characteristic of the original as a basis of 
comparison, and the logical choice is the 
relative phase of two C.W. signals re
ceived from a. station or stations, or the 
corresponding thing in· the case of pulse 
signals, namely, the relative time of ar
rival of two signals. 

Suppose then that we decide to 
use this relative phase or time 
of arrival of two signals to define 
some kind of track, the question arises: 
"What· form of track is obtained?" (It 
must be noted, by the way, that if we 
are to make use of the difference in phase 
or arrival time of two signals, it will be 
necessary to keep the phases or times of 

Derivation of hyperbola from intersecting 
circles. 
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transmission of the two signals at the 
station (s) in some constant relation, in 
other words, the transmitted signals must 
be synchronized. This corresponds to the 
necessity for keeping the aerial currents 
equal in an equi-signal radio range.) 

The most straight forward way of mak
ing use of the relative time of arrival of 
two pulses is to fly the aircraft so that 
the time-difference remains constant at 
some arbitrarily chosen value. What path 
does the aircraft then follow? To ans
wer this we recall that the time of travel 
of each pulse is proportional to the dis
tance of the aircraft from the correspond
ing station, so that what we are doing 
in effect is to cause the aircraft to fly so 
that there is a constant difference in its 
distance from the two stations. It is 
the especial property of that curve known 
as the hyperbola that at any point on it 
the distances to the two foci of the hyper
bola differ by a constant amount. Our 
airc:,raft is therefore flying a hyperbolic 
track, and each of the two ground stations 
is at a focus of the hyperbola. 

Hyperbola Construction. 
It is simple and interesting to construct 

a hyperbola on a sheet of paper, using 
the basic property we have just men
tioned. Such a construction gives us a 
clearer insight of the basic idea on which 
hyperbolic navigation systems depend. On 
a sheet of paper mark two points some 
convenient distance apart, say 2 inches. 
These represent our two stations. Next 
decide on a value for the difference, which 
it will be recalled is to be constant, be
tween the distances to the two stations 
from any point on the track; l! inches 
will be a suitable value for a start. 

Choose a number of values for the dis
tance from one station (which we shall 
call A), for example, 2, 3, 4 inches; then 
the CO'rresponding distances from Station 
B will be (2-1!) inches and so on, i.e., 
h It 2! inches. To get the first points 
on our curve draw part of a circle of 
radius 2 inches around A, and find where 
this intersects a circle of t inch radius 
around B; mark the points. Repeat the 

. A typical MTR track system. The hyperbell!S' 
become straight radial lines a short distance· 

from the stations. 

process with circles of 3. and !- inch 
radius respectively, and so on, in each 
case marking the points of intersection. 
When sufficient points have been taken, 
they will, when joined up, produce a 
smooth hyperbolic curve. The process is. 
illustrated in Figure 1. 

If we retain the "station" spacing of 
2 inches but alter our constant difference 
--difference, say to It or It inchea and 
repeat the construction, a new curve will 
be formed. This is equivalent to flying, 
the aircraft so that the difference in the 
arrival time of the two pulses has some 
new but still constant value. A whole 
series of curves can be obtained in this, 
way and such a series is known as a 
track system. Jt is the result of main· 
taining a fixed station spacing and de
fining arbitrarily a number of values. 
for the difference in pulse arrival time. 
In Figure 2 is illustrated a typical hyper
bolic track system. 

The usual procedure in operating a 
hyperbolic navigation system is to select 
a series of suitable values for" the dif
ference in pulse arrival time and to draw 
the corresponding hyperbolic tracks super
imposed on a conventional map. The· 
time-differences may be marked on the 
respective tracks, or more usually a dis-
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Block schematic diagram of MTR master 
station. 

tinguishing number is allotted to each 
track. In the aircraft the pilot or navi -
gator measures the time-difference be
tween the received pulses (he may not 
be aware that he is doing this; the equip
ment may do it automatically and pro
vide the answer as a track number) and 
by reference to his map find on which 
track he is. Alternatively he may, using 
his map, select a track which coincides 
with his desired course and then fly the 
aircraft so as to maintain the appropriate 
copstant time-difference (again "he may 
be unaware of the actual process, and 
merely main tain a constant track-number 
reading). 

Track numbers can be seen in Figure 
2, and in the illustration of a Gee net
work in the first part of this article. 

In some hyperbolic navigational sys
tems it is desired to give the aircraft 
complete information as to its position; 
Gee is an example of such a system. Now 
in a single track system the pilot of the 
aircraft is not aware of his position, but 
only that he is on or ad jacen t to some 
particular track. To provide an indi-

The type of transmitting aerial used at the 
MTR ground station, consisting of three half 

wave elements. 
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cation of position a second complete track 
system, intersecting the first, is sometimes 
used. The resulting systems is known 
as a ·Janice. By determining wh ich track 
the aircraft is on in each system its posi
tion can be fixed. The use of lattices 
is mentioned in passing, but in the 
Multiple Track Range a single track 
sys tem only is used, since in this case it 
is desired to define tracks only, and not 
to fix positions. 

A mere glance at the track system of 
Figure 2 is sufficient to see a very in
teresting and important feature of a set 
of hyperbolae, namely, that the greater 
part of each curve is very nearly a 
strair§:it line. If we draw around the 
centre of the base line (the line join
ing the two sta tions) a circle of radius 
about twice the base Irne length, then 
for most practical purposes the tracks 
outside this circle may be regarded as 
straight lines radiating from the centre 
point of the base line. 

M.T.R. System. 

The Multiple Track Radar Range is 
a short-based hyperbolic system, that is 
to say, the length of base line used is 
relatively short in comparison with those 
of such systems as Gee, Loran and Decca. 
In typical M.T.R. systems which have 
been tested and used to date the base 
line has been 5 to 10 miles long, so 
that outside a distance of 10 · to 20 miles, 
straight radial tracks have been obtained. 
This performance is in accordance with 
the primary purpose of the Multiple 
Track Range, which is to be, in terms 
now internationally agreed upon, a short
distance aid to navigation; that is to say, 
an aid which is effective up to distance 
of about 100 miles and which is intended 
to guide aircraft to the vicinity of air
ports, where the so-called aids to ap
proach and landing take over. 

Given two M.T.R. stations at some 
fixed distance apart, the number of tracks 
which can be defined depends upon the 
accuracy with which the difference in 
pulse arrival time can be measured in 
the aircraft. In systems of the accuracy 
which has been used up to the present 
a typical figure is that for a station sep
aration of about 9 miles 30 hyperbolic 
tracks can be defined, or expressing it 
another way, 60 radfal lines can be drawn 
as emanating from the pair of stations. 

If greater precision in time-difference 
measurement in the aircraft is achieved 
then more tracks could be ·drawn for a 
given station spacing. However, it can 
be clearly seen that there is no great 
benefit to be derived from providing more 
than 60 radial tracks this number is 
sufficient to meet all ordinary navigational 
requirements. The tendency in current 
development is to use in another way any 
further increase in precision of time
measuremen1 , namely. to reduce the 

MTR master station equipment. The sub
modulator is at the top and the modulator 

and oscillator within the cubicle. 

station spacing while keeping the num
ber of tracks provided the ,5ame .as 
before. Smaller station spacings usually 
make station location easier, and assist 
from the administrative point of view. 

Blank Regions. 
It will be noticed from Figure 2 that 

there are two blank regions in the track 
system, where . no tracks are drawn. 
Throughout these regions the difference 
in pulse arrival time varies only slightly 
so that it becomes difficult to distinguish 
different tracks. Because of this lack of 
definition, . these regions are not used. 
These gaps in coverage do not usually 
represent a serious disadvantage, since 
they form only a small fraction of the 
angular coverage, and it is usually pos
sible to so orientate the system that tracks. 
are provided along the principal air routes 
to be served. Should it be desired for 
some reason to provide coverage in the· 
blank areas this may be done by super
imposing a second track system (usually 
only one additional station is required)' 
on the first so that the tracks of the· 
latter fall within the gaps of the first. 

5 
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The Ground Stations. 
The ground stations of a single M.T.R. 

system are two in number. Each station 
is essentially a pulse transmitter, and it 
is necessary that the pulses from each be 
transmitted 'in synchronism (not neces
sarily simultaneously, but with some fixed 
time relationship between them). The 
simplest way to achieve this to make one 
station determine the rate of transmission 
of pulses (this is then known as the 
master station); each pulse from the 
master is radiated omnidirectionally to 
aircraft and is also received at the second 
~tation (known as the slave station), where 
it causes a corresponding pulse to be 
radiated from the latter. These slave 
pulses also go out omndirectionally to all 
aircra~t ~ithin range. In this way syn
chromzation of pulses is assured, since 
the slave station is under the control 
of the master station. 

The Master Station. 

The units compnsmg the master 
station equipment are shown in block 
schematic form in Figure 3. 

The first unit in the chain is an audio· 
oscillator, which is of importance because 
it determines the pulse repetition rate 
for_ the whole system. It is a 3-stage 
osc1l_lator of the R-C phase-shift type, 
special attention being paid to the com
ponents ·to ensure stability of frequency. 
The latter is important for two reasons: 
firstly, if the master frequency varies 
greatly the slave station pulses may fall 
out of step with those from the master, 
so that synchronism is lost; secondly, 
w~ere there are two M.T.R. systems 
adiac~~t (say along an air route), pulse 
repet1t10n frequency is sometimes used 
as a basis for discriminating between the 
systems, and therefore, must be closely 
controlled. 

The audio oscillator is used to drive 
a pulse-forming circuit, usually of the 
multivibrator or blocking-oscillator type. 
The resulting pulses of suitable shape 
and duration are fed to a modul:ttor
oscillator unit of a standard radar type. 
The modulator-oscillator used in M.T.R. 
ground equipments built so far has been 
part of an Australian service air-warning 
radar equipment; it consists of a push
pu~l oscillator using two VT90 valves, 
series-modulated by two 833 valves. The 
frequency of operation is about 200 Mc. 
The pulse repetition frequency of the 
master station is about 2,500 pps, and 

Block · schematic diagram of MTR slave station. 
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the radiated pulse length about 1 micro
second. 

The audio-oscillator and pulse-forming 
stages are housed in a small cabinet 
mounted on top of the standard cubicle 
containing the modulator-oscillator and 
main power supply. The form of con
struction may been seen in Figure 4. 

The aerial is required to be omni
directional, and takes a simple mechani
cal form. It is depicted in Figure 5. A 
central dipole section is fed from co
axial line. This dipole is connected in 
series with two further dipoles, one at 
each end. At the junctions of the dipoles 
phasing coils are placed, with the result 
that the current distribution in • .fall 3 
dipoles is similar. A gain of about 3 db 
in the horizontal plane is obtained with 
this aerial. 

The aerial is usually mounted at the 
top of a wooden pole some 60 feet high. 

The Slave Station. 

The units comprising the slave station 
equipment are shown in the block sche· 
matic diagram of Figure 6. 

The first unit in the chain is the re
ceiver. This is a conventional radar re
ceiver of the superheterodeyne type, oper
ating in the 200 Mc and p i ck i n g 
up signals radiated by the master station. 
This receiver is not required to be par
ticularly sensitive, since a strong &ignal 
is received from the master, which is re
latively close and usually within line of 
sight. 

The output of the receiver is fed into 
a multivibrator, which has a natural fre
quency of operation of about 2,500 cycles/ 
sec. · Provided the latter frequency is 
close to that at which the master is 
radiating pulses the effect is that the 
multivibrator is caused to fall in\o syn-
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MTR slave station equipment. The photo
graph shows an experimental set-op at the 
Radiophysics Laboratory. Receiver and sub
modulator on the bench, modulator and oscil· 

lator in cubicle. 

chronism with, or 
the master signals. 
multivibrator is the 
the slave station. 

become locked to, 
This synchronized 

source of pulses for 

The pulses of the multivibrator output 
are first passed through a delay network. 
This artificially delays the pulses by a 
period of some 25 microseconds, and its 
purpose is to ensure that the slave pulses 
do not arrive at an aircraft within a 
certain minimum interval following the 
receipt of the master pulses. This pro
cedure is necessitated by the action of 
the time-difference measuring circuits in 
the aircraft, which are .arranged to com
mence operating when a master pulse is 
received and which do not function satis
factorily if the slave pulse arrive¥ too 
closely "on the heels" of the master pulse. 
The action of these circuits will be dis
cussed more fully in the next part of 
this paper. 

The outpHt pulses of the synchronized 
multivibrator having been delayed, are fed 
to a frequency-dividing stage. This stage 
responds only to every alternate pulse 
applied to it, and give out pulses which 
have therefore one-half the frequency 
of the master station, that is, 1,250 cycles/ 
sec. approximately. This change in fre-

A phase shift oscillator is one of the pieces 
of test equipment used in checking MTR 

ground station performance. 
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quency is made to allow the use of a 
procedure in the aircraft such that the 
time-difference measuring circuits can be 
set in operation by the receipt of master 
pulses only, and not slave pulses; this 
procedure will be discussed more fully 
later. Thus by freqency division the 
slave pulses are "labelled" to distinguish 
them from master pulses; notice, however, 
that synchronism is maintained, there be
ing two master pulses to each slave pulse. 

From the frequency divider the pulses 
go to a pulse-forming stage, which rend
ers the pulse of suitable shape and dura
tion. The pulse-former is followed by 
modulator and oscillator stages identical 
with those already described for the 
master station. 

Identifying .Signal. 
The streams of pulses passing to the 

modulator is interrupted periodically by 
a motor-driven coding wheel so as to 
provide a sequence of dots and dashes 
making up a Morse code identifying sig· 
nal. This code is received in the air
craft and enables the pilot to identify 
the particular track system he is using. 

A photograph of a slave station equip· 
. ment in experimental form is shown in 

Figure 7. On the bench may be seen 
the slave receiver and the sub-modulator 
unit, comprising those stages up to the 
pulse-former; the coding unit is also 
seen here. The cubicle houses the modu
lator and oscillator. 

The slave transmitting aerial is iden· 
tical with that described for the master 
station. The receiving aerial at the slave 
station is usually .a single dipole, which 
may be partially screened to reduce un
wanted pick-up. Both aerials may be seen 
in Figure 8, which is a view of an ex
perimental slave station installation at 
Melbourne used during airline trials of 
the equipment. 

Test Equipment. 
To allow the necessary adjustments to 

be made during the installation of M.T.R. 
ground stations and to provide for sub
sequent regular checking of the perform
ance of the stations in operation a num
ber of specialised pieces of test equip
ment have been designed and built. 

Perhaps the most important single re· 
quirement for an M.T.R. system is that 
the tracks shall at all times be accurately 
positioned in accordance with the pub
lished map of the track system. This 
requirement reduces to an accurate ad
justment, which shall remain stable, of 
the overall delay in the slave station 
(i.e., the time interval between the re
ceipt of a master pulse by the slave 
receiver and the transmission of the cor
responding slave pulse). To make this 

Other adjustments which require pre
cision in measurement are those of the 
frequency of the audio oscillator in the 

adjustment precise, measurement of the 
overall delay must be possible. This is 
done by displaying the received and trans
mitted pulses simultaneously on a cath· 
ode-ray tube of which the time base is 
accurately calibrated. The calibration is 
effected by superimposing on the time 
base pips at say 1 microsecond intervals, 
derived from a crystal oscillator. 

View of the MTR slave station used in trials 
on Sydney-Melbourne air route. The main 
transmitter aerial is at the top of the wooden 
mast and the slave receiving aerial below it. 

master and the synchronized multivi
brator in the slave station. These fre 
quencies are measured by comparison 
with a stable oscillator of the phase
shift type, which is in turn checked 
against an audio signal produced by fre
quency-division from a crystal. The 

· stable phase-shift oscillator is shown in 
Figure 9. 

Finally, the pulses from both master 
and slave stations are usually monitored 
at some convenient point in the vicinity, 
such as a control room or workshop. For 
this purpose a special monitor receiver 
and a cathode-ray tube display have been 
provided. In particular this receiver 
allows the technician to check that the 
stations are in synchronism by observing 
that the two pulses seen in the display 
are separated by a constant interval. 
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THE SCOPE OF-

GlectronicJ ~nJuJfr'J 
By MAURICE M. LUSBY B.Sc. B.E. 

• tn 
• 

A general survey of the increasing fields of applications 
of Electronics as applied to industrial processes, and 
which are resulting in improved production methods. 

Before the second World War, Indust· 
rial Electronics as a new industry was 
just stirring. Most of the special eke· 
'tronic tubes-tools of the elecfronics en· 
gineer-had already been developed and 
were finding widening fields of appl ica· 
tion. During the war, these tubes jump· 
ed into the fray and won colours for 
improved production methods and pro· 
ducts. In the reconversion to peace their 
well earned place is retained in industry 
and expaasion into new fields lacks none 
of the war-time momentum. 

odes and tetrodes with relatively 
heavy current controlling capacity. 

(c) IGNITRON TUBES-mercury pool 
cathode rectifiers with firing angle 
control as in thyratrons-but having 
even greater current carrying capa
city up to 1,000 amps or so contin· 
uously. 

(d) PHANOTRON TUBES - mercury 
vapour diode rectifiers greater in cur· 
rent capacity than most mercury vap
our rectifiers used in Communications. 

(e) KENOTRON TUBES-high vacuum 
diode rectifiers for high voltage (up 
to 230 KV) at relatively low current. 

In addition to calling on many of the 
common tube types already developed for 
the communications industry, several en
tirely new families of tubes have been 
evolved specially for the needs of in
dustry. These are: 
(a) PHOTO-ELECTRIC TUBES - sensi

tive to various bands in the visible 
and near visible spectrum from short 
ultraviolet (Schuman rays) through to 
long infra red. 

(f) MISCELLANEOUS TUBES-for vol!· 
age regulation, surge suppression, 
Pirani pressure gauges and ionisa· 
lion gauges (Geiger-Muller tubes), 
also special tubes for individual ap· 
plicators . such as leak detectors, 
mass spectrometers, etc. 

(b) THYRATRON TUBES-gas filled tri-

The common amplifier--0scillator family 
of tubes, when applied industrially, are 
called Pliotrons. All these special family 

Table 1. TYPICAL APPLICATIONS OF ELECTRONICS IN INDUSTRY 

CONTROLS FOR MEASUREMENT 
AND ANALYSIS 

Time intervals 

Welding 

Motor speed 
torque 

Frequency 

Electric load 

Door opening & 
closing ' 

Humidity 

Dust 

Material flow 

Material size 

Colour 

Illumination 

Liquid levels 

Remote control 

PH factor 

Railroad train 
control 

Circuit breaker 
closing 

Synchronising 
generators 

8 

Mathematical 
analysis , 

Chemical analysis 
Dynetric 

balancing 
Colour analysis 
Vibration analysis~ 
Noise measure-

ment 
Leak detection 
Speed 
Time 
Thickness 
Dust & particles 
Temperature 
Humidity 
Pressure 
Vacuum 
Ionization gauges 
Materials testing 
Electron micro-

scope 
X-ray diffraction 
Insulation test

ing 
PH recorders 

BEATING 

Dielectric 
Plastic moulding 
Rubber curing 
Glueing 
Sterilisation 
Cooking 
Dehydration 
Induction 
Heat treating 
Metals 
Brazing & 

soldering 
Shrinla fitting 
Degassing 
Microwave 

'
1blowtorch0 

CONVERSION 
Electro-chemical 

processes 
Traction power 
Electrostatic 

precipitation 
for material 
recovery 

Weldfog 
Electrostatic 

paint spray 
and de-tearing 

Voltage 
stabilisation 

COUNTING & 
SORTING 

Counting pack
ages 

Sorting and 
grading 

Rejecting faulty 
parts 

Metal detection 
in wood 

Pinhole detection 

ACCIDENT 
PREVENTION 

P .E. cell barriers 
Fire and smoke 

detection 
Burglar alarms 
Overtravel and 

overflow 
Traffic signals 
Electronic cut

outs 

RADIATION 
Germicidal rays 
Infra red 
High speed elec· 

tron bombard
ment for steri
lisation 

Sunburn warning 

Manufacture of 
radio .. active 
isotypes 

Radar aerial 
surveys 

SUPERSONICS 
Flaw detection 
Chemical 

processing 
Germ and insect 

killing 
Supersonic 

Inspection 
Delaying Tran-

sients, etc. 
Depth Sounding 
Geophysical 

surveys 

QUALITY 
CONTROL 

Pinhole detection 
in strip metal 

Thickness control 
Colour analysis 
Checking elec-

trical valves 
Surface analys

ing 
X-ray examina ... 

tion 

Fig. 1.-Circuit diagram of an electroaic 
motor speed controller. 

names have been universally adopted by 
the Industrial Electronics Industry. 

The breadth of application of these 
tubes is so wide and scattered that it is 
difficult to do justice to each individual 
apparatus in a generalised article such 
as this. Therefore;, Table l is presented 
in order to show some (by no means all) 
important uses of electronics in industry. 
Selected individual uses of electronic tubes 
will now be described from each group 
of applications, followed by necessarily 
brief mention of some of the remainder. 

Motor Speed Control. 

One special control which warrants 
closer scrutiny is that of motor speed 
control. For many years the ideal of the 
infinitely variable gear pair has been 
sought by engineers. In recent years 
some mechanical solutions to this prob
lem have been reached and in some 
cases widely used. However, the need for 
reversing through zero speed with full 
or constant torque has not been solved 
mechanically and those mechanical de
vices which do give so-called infinitely 
varia&le speed not only lack efficiency but 
they seldom provide the ideal torque 
speed characteristics. 

Now, with the aid of Electronics elec
tric motor drives can be had which give 
up to 100 to 1 ratio of speed either for
ward or reverse, with the characteristics 
supplied at will for (a) constant torque 
throughout the range or, (b) constant 
horsepower. 

A typical circuit of the electroii.ic motor 
speed control is given in Figure l. A 
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Fig. 2.-Electronic control o~ group of mot?rs 
in paper mill. General VICW of the drive 
showing eight section drive equipments. 

D.C. shunt wound motor is med, which 
draws its rectified supply from A.C. mains 
through the electronic circuit. (The 
diagtam given is for small single phase 
use, but 3-phase systems are used for more 
powerful drives.) In general the system 
consists of supplying the armature cir
cuit through Thyratron tubes and vary
ing armature voltage with the Thyra
trons to obtain a 20: 1 step less speed varia
tion, below base speed. In addition, 
smaller thyratron tubes control the shunt 
field current and obtain further speed 
increase above base speed by weakening 
of the field. 

Electronic motor controls of this type · 
are used extensively in continuous mills 
such as in the textile, paper and wire 
drawing industries. A complete line .gf 
drives can be coupled to single control 
so that on~ adjustment keeps the rela
tive speeds constant for all overall rates 
of travel of the material being processed. 
Figure 2 shows a paper mill where drives 
are coupled up in this fashion. 

Electronic Measurement 
and Analysis. 

The measurement of the basic electrical 
reactance, impedance-by electronic means 
is not new. The valve has long been 

Fig. 3.-Electronic Mass Spectrometer. !'
stream of ions is projected into a magnetic 
field, where deflection of ions is proportional 
to their weight. Ions of a chosen type are 
caught op on the final collector plate-the 
current ftow then indicates relative concen .. 

tration. 
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recognised for its value in providing ac
curate information without distorting the 
characteristics of the components being 
measured. In many of the uses of elec
tronics given in Table 1 under the above 
heading; sensitive photocells or pliotrons 
are used to extract the primary informa
tion. Other valves may then be .used 
to amplify, analyse or otherwise convert 
the primary information into the desired 
form. ~ 

In many of the industrial uses of elec
tronics for measurement and analysis
the process is carried a step further where 
the information gathered is used to con
trol processes which the method i"ndicates 
have departed from standard quality. 

However, it often happens that the 
measurement or the analysis is itself the 
desired objective. For instance, the mass 
spectrometer (Fig. 3) is really an elec
tronic chemist in that every trace of each 
chemical atom or molecule entering the 
ionisation zone may be unfailingly made 
to register its presence and its concen
tration on the collector circuit micro
ammeter. The gas leak detector is simi
lar in principle, but is set to sound an 
alarm when a dangerous concentration 
of leaking molecules of one kind is 
sensed. 

In vibration analysis electronic devices 
measure the frequincies and amplitudes 
of the components of vibration and aid 
in determining their causes. The Dynet
ric balancer checks rotating parts for dy
namic balance and indicates the sizes and 
positions of added weights to give per
fect balance. 

Fig. 6.-Resnatron tube delivers 50 kW at 
Microwave frequencies. It may be applied 

to Microwave heating. 

The electron microscope and X-ray dif
fraction techniques have come as new 
tools to increase man's knowledge of the 
infinitesimal. The new vistas and widen
ing horiwns of science which these in
struments open up put them well beyond 
the present field of everyday electronics 
in ind us try. 

Electronic Heating. 

The use of radio frequency fields 
created by fairly powerful R.F. oscilla-

Fig. 4.-Use of dielectric heating in furniture 
manufacture. Plys are formed to shape, 
plastic bonded and cured i.n one operation. 

tors for heating purposes had been used 
for years in the actual manufacture of 
radio tu bes. In effect, the metal parts 
of a tube electrode assembly, contained 
within the glass envelope, were placed 
in a strong R.F. field. Due to the cir
culating currents set up in the metal 
parts, heat resulted which drove out 

. gases trapped in the metal. These gases 
were pumped away and the technique 
resulted in a "harder" vacuum which gave 
the tubes longer life. 

This form of R.F. heating is called 
Induction Heating, and the R.F. frequen
cies employed are generally below ·300 
Kc. Induction heating is not only 
used for heat • treatment but also 
has extensive use in soldering and braz
ing. It is used also to "re-flow" the tin 
coating on tinplate so that an uneven 
film of tin is· made into a uniform, pin
hole free layer. 

Another characteristic of radio fre
quency fields is that insulating material 
may be heated clue to absorption of 
energy in a dielectric sense. Thus 

Fig, 7.-Photo-electric relay and associated 
light beam count packages on moving con

veyor. 
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TIRE ROTATED iN WAVEGUIDE 

PARTIAL PRE-HEAT 
/Of' P9WER BY R .. f 

/ IF NECESSARY 

WAVEGUIDE WliH 
MATCHING STUBS 

B. 

sni:p MAl ERtAL PASSING 
__ ..-.,. q-HROUGH CAVITY 

D. 

rapidly "set" under pressure using R.F. 
heat. (See Fig. 4.) 

More recently Microwave heating has 
been investigated as an electronic Blow 
Toffh in industrial heating. Heat is 
literally "hosed" from wave guides at the 
object to be dielectrically heated. Pro
mising uses of microwave heating are 
(a) Spot tacking of glue lines on edge 

glued timber. 
(b) Jet mouiding with Preheated Power 

instead of pellets of plastics. 
(c) Automobile tyre curing. 
(d) Heating of strip dielectric material in 

continuous process. 
Illustrations of practical arrangements 

to give these results are shown in Figure 
5, an oscillator tube-the Resnatron
capable of delivering coritinuously 50 KW 
of microwave energy is also illustrated 
in Figure 6. 

Electronic Counting and Sorting. 

Fig. 5.-Suggested applications of Microwave Heating: (a) Spot glueing; (b) Jet moulding; 
(c) Tyre curing; (d) Strip heating. 

Light beams which present no solid 
obstacle to the passage of merchandise 
along a conveyor are used to operate 
relays or counters through phototube re
ceivers. (See Figure 7.) They can count 
the number of packages passing a given 
quantities-resistance, capacity, inductance, 
point and can also be arranged to dis
criminate between tall and short pack
ages and to operate points to switch the 
tall items to one branch conveyor-the 
short ones to another. 

Dielectric Heating became the second 
major field of Electronic Heating. Di
electric Heating is brought about by ar
ranging a two plate condenser and plac
ing the material to be heated between 
these plates, where its dielectric loss gives 
rise to heat-internal heat. Thus we 
have a means of heating materials from 

the inside as distinct from conventional 
heating from the outside. Much higher 
frequencies of 12 Mc or more are 
used. 

Dielectric Heating is also very popular 
as a speed-up factor in plywood manu
facture and furniture manufacture where 
plastic glues are employed which a_re 
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Fig, 9.-Light source and photo-tube housing 
located on a shear for protection of ope,ra

tor's hands. 

Similarly, light beams and P.E. tube 
receivers are used as pin-hole detectors 
in continuous metal strip mills. Faulty 
sections may be passed to flying shears 
by light beam detection and elimin'ated 
from the main run. Alternatively a dash 
of paint can automatically be given to 
the points where pin-holes are detected 
to make sorting easier by manual in
spection at a later stage. Figure 8 illus
trates a pin-hole detector which detects 
holes as sniall as 1/64 inch at strip speeds 
from 100 to 1,000 feet per minute. 

Getting away from Photoelectric sys
tems, it is interesting to note that the 
U.S. Corps of Engineers have recently 
installed an electronic system for de
tecting metal in lumber which floats 
through a very large diameter search coil 
partly submerged in the water way. This 
system will detect metal fragments and 
unexploded artillery shells before the 
lumber reaches the mills, thus s~ving 
damage to rotary saw blades. 

Electronic Conversion of Power. 

With the ever-increasing popularity of 
alternating current for economical distri
bution of power, many industrial uses 
of direct current still remain to be pro
vided for by A.C .. to D.C. conver~on at, 
or near to, the pomt of use. 

For example, in chemical products . 
manufacture, large use of D.C. for elec
troyltic processes cannot be avoided. Pub
lic conveyances still use D.C. for its better 
flexibility in speed and load handling. 

For many of these conversion jobs, 
Ignitron rectifiers are ideal. They may 
be of the sealed type up to about 1,000 
amps, or of the continuously pumped type 
at greater loads. They may be arranged 
in parallel banks to meet exteremely high 
demands at pressures up to about 2,000 
volts. 
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The flexibility of control of heavy elec
trical current by ignitron tubes has re
volutionised the practice of electric weld
ing. Electronic welding controls are 
now widely used for many different types 
of welding-spot, butt, seam welding, etc. 
Electronic seam welders, for example, 
are used literally to "stitch" up sheets 
of 1/8 inch metal just like a sewing 
machine in effect. To achieve tj:lis, elec
tronic circuits measure individu\l cycles 
of A.C. and feed firing pulses to the 
ignitron tubes such as that, for example, 
three cycles of welding current may be 
interspersed between 20 cycles of zero 
current to produce evenly timed stitches 
which are · regularly spaced. 

Radiation in Industry. 

Electromagnetic waves or radiations 
cover a very wide spectrum, having many 
wave bands with very special charac
teristics. 

The shortest waves used industrially 
are X-rays, and in order of increasing 
wave length, we come in turn to Schuman 
rays, germicidal rays, sun tan rays, rays 
causing fluorescence in chemicals, and 
thence via violet into the visible light 
band. Beyond the red end of the visible 
spectrum we come to infra red heat rays 
and thence to micro wave and on through 
short waves to the broadcast radio bands. 

Schuman rays of about 1,800 Angstrom 
units wave length produce ozone in air 
and are used industrially for chemical 
purposes. Germicidal rays are in the 
region 2,500 An. and are becoming 
a necessary feature in many food indus
tries as well as for sanitation in hos
pitals and for control of air borne in
fection in public buildings, offices and 
homes. 

Sun tan rays-identical with tl!ose 
from the sun-have wave lengths from 
3,000 to 4,000 Au. These rays may be 
produced electronically from mercury 
vapour tubes and are used in certain 
chemical reactions. They form the core 

· of fluorescent lamps, their wavelength 
being converted to white light by the 
coating of fluorescent powder on the in
side of the tube. 

Infra red waves used for Therapy treat-

Fig. 8.-A typical installation of a photo
electric pin-hole detector on a strip metal 

shearing line. 

Fig, 11.-X-ray inspection of manufactured 
parts. 1. The X-ray tube head; 2. Specimens 
approaching conveyor; 3. Specimr·ns being 

X-rayed; 4. Film drawer. 

ment, and now for industrial heating and 
drying, are produced mostly by filament 
type lamps which are, therefore, not nor
mally called electronic devices. However, 
in recent years, microwave generators 
have been pushed down in wave length 
so far that the wave lengths now over
lap the infra red section of the spectrum. 
Resulting from atomic research, two 
additional forms of "particle · radiation" 
are now coming into the industrial fields. 

High speed electrons, accelerated down 
a gigantic cathode ray tube with ten mil
lion volts on the final anode have been 
found to kill germs and other organisms. 
By firing pulses of these high speed elec
trons, one millionth of a second in dura
tion, this sterilisation action can be had, 
free of chemical side reactions. Such 
germicidal radiation, it is claimed, has 
greater penetrating power jlhan ultra 
violet germicidal rays which normally 

_ are applied only to the killing of germs 
in air or transparent fluids only. 

Bi-products of the manufacture of ura
nium and Plutonium-the radio active 
isotypes of carbon, phosphorous etc. are 
now being used industrially and medically. 

Radio active carbon may be introduced 
into process material and the flow of 
metal in castings, drawings, etc., or of foods 
in the human body etc. can be traced 
using Geiger-Muller counters. Thus 
much vital information can be obtained 
by external observation. The mixing of 
ingredients in food manufacture can be 
checked and controlled by a similar tech
nique. 

Electronics in 
Accident Prevention. 

Arrangements of light beams, photo
electric cells and relays can be used to im
prove safety in dangerous machinery. For 
example, Fig. 9, indicates how a light 
beam prevents the operation _of giant 

(Continued on page 46.) 
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SURVEYING BY 
By J. WARNER, B.Sc., B.E. · 

This second article describes the application of radar to geo

detic surveying as well as the method of measuring lines some 

hundreds of miles in length to a very high degree of accuracy 

A previous article described how radar 
was used as an. aid in an aerial photo
graphic survey and indicated the possible 
elimination of much of the ground survey· 
at present necessary to produce maps for 
aerial photographs. The type of radar 
equipment used was also described and as 
an example an outline was given of the 
method of operation of the Sharan equip
ment. 

Geodetic Surveying 

A further application of radar is to 
geodetic surveying. It is at present netess
sary, when using .ground survey methods 
to link up widely separated points on the 
earth's surface, to build ·up a network 
of points spaced roughly 20 miles apart. 
This limit is set by the curvature of the 
earth preventing objects further away 
from being seen from ground leve1. Atmo
spheric conditions in the form of airborne 
dust, water vapour, etc., also impose a 
limit on the maximum distance to which 
OI}\: can accurately use optical instruments. 

Hence, in order to measure a . line 100 
miles in length, . some such network iof 
points would be necessary, as in the ac
oompanying figure where A and B are 
two points whose distance apart is accur
ately known and. C is the point whose 
position it is necessary to detern:iine. The 
interveuing lines represent angle--IDeasure
ments necessary to carry forward the dis
tance AB to find the position of C. As 
can be imagined all this involves a con-

Distance Number of 
Observations 

98 .75 15 
148.54 13 
161.92 10 
173.75 22 
181.37 12 
215.56 11 
227.29 23 
237.49 18 
308.53 19 

siderable amount of work as each of these 
intervening points must be visible from 
its immediate neighbours and surveying 
instruments must be carried to each point 
in turn. 

Another method of determining the 
separation of points on the earth's surface 
is by finding their positions separately by 
means of astronomy. Due to the fact that 
this type of measurement involves the u·se 
of a vertical , line at each point and that 
the vertical is defined by local gravity 
effects, the method is limited and errors 
upwards of a hundred feet are common. 
The method is hence inadequate for the 
most accurate surveys. 

Radar does provide a rapid means of 
• determining the distance between two 

widely spaced points with an accuracy 
approaching that of a high quality ground 
survey. The method by which this is 
done can be explained by referring to the 
accompanying figure. 

Line CrossiJ:ig Method. 

· In the plan view, the aircraft carrying 
the radar gear is shown flying across the 
line joining the two ground beaGOns, 
which are situated at the points whose 
distance apart it is desired to measure. 
Simultaneous measurements are made of 
the distance to each beacon. At the 
crossing point AP 

0 
and P 

0
B are measured 

and the distance AB then calculated, tak
ing into account the aircraft height H, 
the earth's curvature, and the fact that 

Mean Error Proportional 
(Miles) Error 

+o.oo7 1/14,000 
--0.021 1/7,000 

+0.001 1/160,000 

+o.oo3 1/58,000 
~o.oos 1/22,000 

0,000 
~0.016 1/14,000 

+0.001 1/240,000 
--0,024 1/13,000 

This table shows the results of a number of American experiments in the application of the line 
crossing method to precise distance measurement. The error quoted is the difference between the 

radar measurement of distance and an accurate ground survey value. 
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The line crossing method of determining 
distance. 

radio waves travel in a slightly curved 
path due to changing atmospheric condi
tions. 

In practice, since it is difficult while in 
the aircraft to know exactly when the 
crossing point is reached, measurements 
are made of PA, PB at intervals of a 
few seconds as the crossing is made, and 
the sum of the two distances determined. 
This is then plotted against time and a 
smooth curve drawn through the experi
mental points. 

The minimum sum distance correspond
ing to P A plus P 

0
B is then determined 

from the 
0 
graph. This method has a fur

ther advantage apart from' obviating the 
necessity of making a measurement exactly 
at P , and that is that experimental errors 
in a~y of the individual reading of PA, 
PB will be reduced in fitting a smooth 
curve through them, thus giving greater 
accuracy to the minimum sum of AP 

0
B. 

Ma:ximum Distance 

Since U.H.F. radio waves follow nearly 
optical paths, it follows that if a signal is 
to be received the aircraft must be at a 
sufficient height so that the earth's cur
vature does not obscure the radio line 
of sight to the beacon. Due to the fact 
that radio waves are bent or refracted 
by the atmosphere, and that the factors 
which influence the bending of the radio 



DISTANCE FROM RADIOPHYSICS 
TO BEACON AT YlmTWORlH fALLS 

48M ll'05YD5 
AJM l201m 
48M 1197a UB 111111 HtHH 111 llliHHHHI 

20.3.46 21.3.46 
The results of some radar measurements from . an equipment at the C.S.I.R. Radiophysics Labora
tory in Sydney and a responder beacon at Wentworth Falls in the Blue Mountains. A series of 
measurements were taken at half hourly intervals on each day and the results plotted as shown. 

Variations in readings amounted to plus or minus 2 yards in a distance of nearly 50 miles. 

beam, namely, temperature, pressure and 
particularly humidity, decrease with in
creasing height, the beam follows a 
slightly curved path and can be received 
at somewhat greater than optical distances. 
Low frequency radio waves are not limited 
in range in the same way as are U.H.F_ 
waves since they are diffracted round the 
earth's curvature in a similar way that 
sound is diffracted round obstacles. 

The accompanying graph shows the way 
in which the maximum distance between 
a pair of beacons that can be measured 
by an aircraft varies with the altitude of 
the aircraft. From this it can be seen 
that a practical upper limit of 600 miles 
is set to the distance that can be measured 
in one ship by radar means, and it is 
possible that greater economy would re
sult in making more measurements using 
somewhat shorter distances. 

Accuracy Limits 

So far little has been said of the accur
acy of radar measurements. Errors may 
be introduced through a number of causes 
and may consist -of equipment errors, 
errors due to unknown radio propagation 
conditions, or errors occurring in the pro
cess of reduction of the radar measure
ment to the distance on the earth's sur
face. It is only in the case of geodetic 
surveying that any of these errors are 
serious since distortion caused by unknown 
tilt of the aircraft camera outweighs other 
factors in aerial photographic surveying. 

Equipment errors come about through 
small unknown delays in either airborne 
or ground equipment, errors in setting or 
measuring the position of pulses, or crystal 
oscillator frequency drift. When it is re-

A 

B 

Ground based triangulation necessary to deter
mine the distance BC. 
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membered that a radio wave travels out 
and back a distance of approximately 500 
feet in one microsecond, it is easy to see 
that individual errors must be reduced to 
a few hundredths of a microsecond or less 
if an overall equipment error of the order 
of 100 feet is to be obtained. Errors of 
this type in Sharan, the equipment de
scribed earlier, are probably somewhat.less 
than 100 feet and with care might be 
reduced to about 30 feet. These errors 
are independent of the distance being 
measured so that clearly it is an advantage 
to measure as great a distance as possible, 
since this reduces the proportional error. 

The proportional error or ratio of error 
to distance being measured is in the best 
ground surveys about 1 part in 100,000 
or 10 feet in 200 miles. To meet this 
accuracy with a radar set having an equip
ment error of 30 feet it would be neces
sary to measure lines at least 600 miles 
in length which is the maximum that can 
be measured as discussed above. Of 
course, by taking a number of readings 
it is possible to obtain a mean value 
which is more probably correct than the 
individual readings and is thus more ac
curate. 

Crystal oscillator frequency errors will 
cause errors proportional to distance since 
the crystal frequency is a function of the 
velocity of the radio waves and the indi
cated distance is equal to this veloci,ty 
multiplied by the measured time interval 
between transmission of a pulse and the 
reception of a reply from the beacon. If 
very special precautions are taken, it is 
possible to make crystal oscillators which 
maintain frequency to one part in 
100,000,000, though the Sharan crystal is 
probably accurate to only a few parts in 
1,000,000. 

Wave Bending Effect. 

It was indicated earlier that the radio 
waves did not follow an exactly straight 
path but were bent slightly as they pass
ed through the varying layers of the 
atmosphere. The determination of the 
exact degree of bending depends upon 
precise knowledge of the conditions of the 
atmosphere at every point along the path 

of the radio ray. The atmosphere is,-of 
course, continually changing, so that for 
the most accurate work it is necessary to· 
make measurements during the time in 
which a radar survey is in progress. A 
consideration of present knowledge of the 
atmosphere and of present techniques of 
measurements indicate that it should be 
possible to make allowance for refraction 
to an accuracy of a few parts in 1,000,000 
provided adequate measurements are 
made. Comparatively few measurements 
are necessary for an accuracy of -a few 
parts in 100,000. It is important to 
notice, however, that no matter how good 
the radar equipment is made, it is im
possible to get a more accurate result 
than that allowed by the knowledge of 
the atmosphere and its effect upon radio 
waves. 

Exact Height Essential. 

Another important limit on accuracy 
comes to light when the reduction of 
radar measurements to distance on the 
earth's surface is considered. As stated 
before, in order that this can be done, 
the aircraft's height must be known. As 
a rough approximation for the majority 
of practical cast:,s an error in height will 
cause errors in calculated distance of one 
twentieth of its own magnitude. Thus 
if an uncertainty of altitude of 100 feet 
exists when the aircraft it at say, 10,000 
feet, then an error of five feet in distance 
will be caused, which corresponds to an 
accuracy of one part in 100,000 for a 
distance of 100 miles. It can be seen 
that this is important and that to get the 
best out of radar survey methods, it will 
be necessary to measure aircraft height 
to 20 feet or less. This is a very diffi
cult matter and may require the develop
ment of new techniques before a fully 
satisfactory position is reached. 
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can be measured using the line crossing 

method. 
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THE R.A.A.F. RADIO RESERVE 
By ROTH JONES-VK3 BG 

Working in close liaison with the Federal Executive of the 
Wireless Institute of Australia, the Royal Australian Air 
Force intends reforming its pre-war Wireless Reserve. This 
new body will be called the R.A.A.F. Radio Reserve and it 
will combine radar with normal wireless communication. 

To many the wireless Reserve of the 
1930's is now forgotten, but to the veterans 
of the amateur radio ranks in Australia 
it ' wiH always be remembered. Its work 
in the early days of the war pulled the 
R.A.A.F. Signals Branch out of what was 
a "nasty jam." 

This reserve permitted the R.A.A.F. to 
man vitally important telecommunication 
circuits without delay within a few days 
after war was declared. Its own men 
were insufficient. and reservists, who were 
called up immediately, were promptly 
put "on watch." The thorough instruc
tion obtained through their association 
with the reserve allowed the R.A.A.F. to 
carry out a development plan of expan
sion which would have been consider
ably delayed without the able and loyal 
assistance of these reserve members. 

Although there were 193 members on 
the pre-war reserve- most of whom were 
amateurs-they excelled themselves in 
every way. When the war finished 188 
of them had commissions, one had risen 
to the rank of Group Captain and was 
Director of Telecommunications, while 
several others were Wing Commanders. 
Many 'became air crew and flew with air
craft all over the world and a number 
were decorated. ·Fortunately the deaths 
were extremely light. 

General Details. 
When announcing details of the Radio 

Reserve, the Minister for Air and Civil 
Aviation (Mr. Drakeford) said the new 
body .required at least 230 officers and 
1,800 men who would enter the service 
under the conditions pertaining to the 
regular R.A.A.F. reserve, details of which 
were announced in all Australian news
papers in February. Briefly these con
ditions were: engagement for five years 
and further re-engagements, each of five 
years, applicants must volunteer, pos
sess honourable discharges and be medi
cally fit for service and report annually 
to the Air Board. Personnel appointed 
to the reserve will be given the temporary 
rank previously held. 

Under direction from R.A.A.F. head- · 
quarters, the Chief Signals Officers of 
each R .A.A.F. area will be responsible 
for Radio Reserve Training. Immedi
ate proposals in the training field include 

RADIO SCIENCE, June, 1948 

many of the ~ew R.A.A.F. radio instal
lations-several of which are post-war. 
These include (a) radio teletype com
munication system using frequency shift 
and single side band techniques. This 
combined with the tape relay system of 
traffic handling and a new system of very 
high frequency tone keyed radio links, 
will provide a modern and efficient com
munication system. 

•(b) Operation and maintenance of high 
power radio transmitters for broadcast
ing meteorological information. These 
are now being installed at Canberra under 
international agreement, and provide for 
weather transmissions from Australia to 
be linked with a chain of similar trans
missions extending from South Africa to 
Hawaii. -

( c) Theoretical, practical and general 
knowledge of the V.H.F. communication 
equipment now being installed in 
R.A.A.F. aircraft to provide efficient air
ground communication, and use of the 
Department of Civil Aviation's radio 
ranges. 

Modern Instruction. 
Although much time will be devoted 

to ground installations the air side will 
not be neglected - especially as the 
R .A.A.F. is to the fore in many of the 
latest radio aids to flying. Approach 
and landing aids will also be included 
among the reservists' instruction. Latest 
acquisition in this field is G.C.A. (Ground 
Controlled Approach), one of the modem 
aids used in Britain and America which 
enables operators on the ground to see 
the exact position and height of an air
craft near the airfield and to guide it to 
a landing by radio telephone. One of 
the stations is at present operated by the 
R.A.A.F., at lwakuni, Japan. 

Another landing aid which seems sure 
to be included in reserve instruction is 
"Instrument Landing System" (l.L.S.), 
which comprises equipment fitted in the 
aircraft and operated by the pilot. In
dications received from the ground ap
proach beacon and from inner and outer 
marker beacons will allow the pilot to 
land under almost zero visibility. 

Other aids which the R.A.A.F. are 
known to have and which will be in
cluded in the reserve training if the 

W/Cdr. J. W. Redrop, Director of Telecom
munications and Radar, R.A.A.F., who will 

organise the reserve. 
Photo: RAAF Official. 

demand warrants. are radar beacons, high 
powered medium frequency homing bea
cons, cathode-ray D / F stations and the 
long range navigational aid Loran, which 
became prominent in the south-west 
Pacific during the war. 

Although amateur radio offers some 
very interesting fields to conquer, these 
latest modern radio devices to be used 
by the R.A.A.F. will give the reservist 

. an unending interest. V.H.F., one of 
the most interesting and perplexing sub
jects in radio, is to the fore, and the 
reservist will again be given the oppor
tunity of studying this section of. the 
spectrum. 

Amateurs' Equipment. 
As yet no decision has been made with 

regard to the equipment to be used. In 
the pre-war days the amateur used his 
own station with crystals usually supplied 
by the R.A.A.F. From reliable ~nforma
tion it is understood that the R.A.A.F. 
is preparing to make available communi
cation equipment on loan to all reservists. 

This reserve will be the most active of 
all service reserves in Australia. Whereas 
in most reserves it is i;mly necessary to 
report annually or a change of address, 
this body will take a very active interest 
in its role. It will advance as electronics 
progresses. 
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A Technical Survey of Latest Overseas Developments 
NEW ME'ASURING STANDARD 

The usually accepted standard of 
length-the distance between two lines 
marked on a platinum iridium bar-is 
now likely to be replaced by an isotype 
standard. The new unit is the length 
of a wave of green radiation transmitted 
by mercury 198, an isotype transmuted 
from gold by neutron bombardment. 

Adjusting the equipment for mercury 198 and 
cadmium wavelength comparison. 

Electronic Beetle 
/ 
Tracer. 

The well-known Geiger-Muller counter. 
usually associated with atomic bombs, has 
now found a new peacetime application. 
A recently developed new form of G-M 
tube has been found extremely useful in . 
studying the movements of the Elaterid" 
beetles. As these beetles are known to 
fly but rarely in Britain, a study to the 
extent to which. they move by walking 
is of considerable interest to the scientist. 

A beetle is taken from the field, and 5 
ugm or radium sulphate desposited be
tween foil discs (2mm. in diameter and 
weighing only 0. mgm) is inserted with a 
resin adhesive beneath the elytra. The 
beetle is replaced and its position after
wards found by detecting the radiation 
from the disc with a G-M tube. 
· This new valve, which has the advantage 

of quiet background, stable operation and 
high sensitivity operates a loud speaker 
without any valve amplification, thus 
making it very convenient for field use. 
When it is passed over the region iµ which 
the beetle is thought to be, periodic ticks 
increase in frequency to a maximum when ' 
the tube is directly overhead. 

16 

Two lines traced on a bar are a rather 
crude instrument for precise measure
ments, and for this reason the red line 
of cadmium has been used for many 
years wherever extreme precison has been 
needed. However this latter standa.rd 
has several disadvantages. Firstly, there 
is a fine structure in the red radiation 
which prevents the line from being as 
sharp as desired , and secondly, the cacl
mium sta11dard requires furnace excita-
1ion, resulting in an. unwanted broaden
ing of the spectral line because of the 
relatively high temperatures. 

The greenline of mercury 198 J1as none 
of these ctisadvantag-cs, and possesses ·all 
1 he characteristics desirable in a light 
wave standard-such as absolute sharpness 
of the wavelength, intensity of the spec
tral line, and ease of maintenance. 

NEW LENS FOR RADIO RELAY 
SYSTEMS 

The new type of metal lens developed 
by the Bell Telephone Laboratories for 
focussing radio waves in relay systems. 

Theoretically capable of handling 50 to 
100 television channels, the Jens is based 
on the theory of light transmission 
through atomic and molecular structures 
and uses metallic spheres, discs or strips 
in a scaled up pattern sim ilar to the 
arrangement of atoms in . a crystalline 
molecule. The one in the rear uses 
metallic discs , lens in the foreground em
ploys thin metallic discs mounted on a 
polystrene foam, and model on the right 
uses metallic lens. 

IN SULA TOR AMPLIFIES CURRENT 

A new method of controll ing the flow 
and amplifications of electric current ha& 
been developed by physisci'5ts at Bell Tele
phone Laboratories. The method is based 
on the discovery that when beams of elec
trons are shot at an insulator-in this case 
a diamond chip-electric currents are pro
duced in the insulator which may be as 
much as 500 times as large as the currenl 
in the original electron beam. 

In bombarding the diamond chips .with 
electrons, successive · pulses of electrons 
lasting a millionth of a second are used 
instead of a steady stream of electrons. 
Energies of approximately 15,000 electron 
volts were employed. 

It is considered tha t this discovery will 
have a great influence on the future de
sign of electronic tu bes as well as assist
ing in the study of the fundamental 
structure of solid m at ter \tnder the im
pact of electrons. 

Photoelectric Ceilometers. 

Many U.S.A. airports are now ' install
ing photoelectric ceilometers to record 
the altitude of cloud ceilings up to 10,000 
feet. A beam of light thrown against the 
cloud base is reflected back to a photo
electric detector, placed a kn~wn distance 
from the projector. Altitude is found 
by triangulation, and the reading is re· 
corded in a machine in the airport office. 
When used in the daytime the beam is 
modulated so as to enable the P.E. cell 
to . distinguish it from daylight. 
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A "New" Receiver Design-

Caravan ~ive 

* * 

This high performance vibrator operated receiver has been specially 

1lf.signed for those applications where low current drain is an essen tial 

factor. Using four of the latest 1.4 volt miniature battery valves in 

conju nction _with o 6V6-GT it combines this feature with excellent sensi 

l'ivity, selectiv ity and ample power output thus making it eminently suit-

able for use in either a caravan or the cou ntry home. 

Apparently the winter months a rc set 
aside by the owners of caravans as be in g 
j ust the time to overh au l the caravan and 
in corporate a ny new ideas in preparation 
for the corn ing summ er days. This 
opinion is based on the large number of 
leuers recently received from many readers 
for th e d escrip tion of a suitab le rece iver 
that can be eas il y fitted into such a unit. 

r\s was LO be expected each writer had 
hi s own ideas on th e su bject-some wan ted 
a high degree of sensitivity, others porta 
bili ty a nd re latively hi gh output, but in 
al l cases the most important factor was 
that the set must have a low curren t 
dra in . At the outset it was apparent t hat 
the rece iver wou ld hm·e to be vibrator 
powered and consequent ly operate from a 
6.0 vo lt s ~orage battery. 

Choice of Valves. 
Th is left the cho ice of suitable va lves 

as the main major prob lem Lo be con-
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sidered . Jn sta ndard car practice, the 
q ua lifications of sensi tivity and o utput re
quirements can be read il y rnet by using 
the 6.3 vo lt series, but un[ortunatel y the 
current drain is in th e vicinity o[ 3 Lo 
4 amps. ' 'Vhi lsL thi s figure is not par
ticularly excessive when used with a bat
tery subjec ted LO frequent charging by a 
generator, it d ocs become a prob lem in a 
carava n or for Lhal n1 aller a hon1e, where 
such cha rgi ng faci liti es do not exist. 

i\ s regards current drain th e 2.0 
vo lt series offered til e best sol ution Lo the 
problem. However , in this case, the out
p u t 1·al ve of the series-the J D4 or its 
octa l counterpart the J L5-G- can on ly 
supply some 340 m ill iwatLs with 1.3:; volts 
on the plate . This is not part icul arl y 
satisfactory if the se t is to operate under 
outdoor cond itions. 

Then tile question arose: why not use 
the 1.4 volt se ri es in the Rl7 sec ti on for 

low cu rrent drain , and feed th e o utput 
into, say, a stand ard AC ou tpnt va·lvc such 
as the 6V6GT. Although such an arra nge- . 
ment would, of course, increase the fila 
ment drain , i t was considered that the 
overal l a cl van tag·es would outweigh thi s 
sma ll point. 

T he final result of de liberations on th e 
subject is shown in the schema tic dia
gram , a nd it wi ll be seen that Com o[ 
the new 1.4 vo lt miniature valves ha ve 
been used in conjunction with a 6V6GT 
output valve. l7or those who may wonder 
on tbe fea sibility of the scheme we can 
only say that the set worked ou t just as 
p la nned and has been giving excel len t 
results during· the past month or so. 

Under tl1e cond itions outlined , the 
GVGG is operating wi th approx im ately 130 
vo lts on the plate and screen, and this 
g ives an output of slightly under one watt , 
more than enough for most cases, a nd cer-
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CARAVAN FIV~ 
Using a combination of 1.4 voit-;-;hr~~ -;-nd-·-;-· GVS ~GT cutpllt va:ve th:s circuit is capable of excellent results. Particular care j-s - -- -

necessary with the filament circuit, and t his must be wired up as shown·. The value of Rl and R2 is given in the text. 

tainly m11ch higher than obtainab le from 
any comparab le ballery valve. 

So much then for the general consiclcra
Lions and now Lo examin e Lh e circuit more 
cl ose ly. T he valve lin e up is standard. 
The RF stage uses a JT4, the converter is 
a JRii , IF amp lifier anolher IT4, and a 
IS5 combined d etector and audio ampli 
fier. The o utput from this is then tak en 
to the GV6G output stage. 

Power Unit. 

T he power unit circuit is a sta ndard 
arrangement and employs a synchronous 
type vibrator in conjunction with a Fer 
guson type GV / 150 Tra nsformer. For an 
input of 6 volts this will give an output 
of 150 vol ts at 30 m.a. 

T he operation of this unit is briefly as 
follows: J\t the mom en t ol switch ing on 
ass111ne that Lhc vibra ' in f; recd is louching 
t he lower primary contact. \\lit.Ii the in 
put potentials as shown thi s wi ll .make the 
lower end of the prin1ary winding· n'cg-.1-
tive with respect to the centre tap. Pro
viding the transform er secon dary wind 
ing· are correct ly phased , the lower end of 
the secondary winding· wi ll also be nega
ti ve with respect to the high tension centre 
tap. However since this end of ihe wind
ing is momentaril y connected to ea rth by 
virtue ol the vibrating reed , it follows 
that the centre tap must assume ;1 positive 
po ten'. iaJ. 

As the reed travels in the direction to 
the other extreme of its travel , an oppo
site set of conditions wi ll hold. Once again 

This top view of the completed receiver clearly shows the chassis layout. The tuning 

section is kept at one end of the chassis, with all power supply components mounted at 

the other end. This assists in minimi s ing any vibrator interferen ee . 
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PARTS LIST 
Chassis 
3 gang " H" Tuning Condenser 
!Midget Type ) 

Tuning Gial to suit 
B/ C Aerial, R.F, and Osc. Coil 
I Iron core " H" type ) 

2 455 kc. l. F. Transformers 
l Vibrator transfo rmer-6 volt in

put, l SOv @ 30 ma HT 
Fi lter Choke 

5 R.F. Chokes (Filament Type ) 
l -R.F. Choke (Pi-wound ) 
l Vibrator Cartridge and socket 
RESISTORS. 
l l 0 meg -.l- w1 l l meg -!,- w 
l 3 meg -!,- w.1 2 .5 meg -.l- w 
l 2 meg -!,- w1 l . l me'g -.l- w1 
l .05 meg -.l- watt 
2 .015 meg -.l- watt 
I .01 meg -!,- watt 
l 5000 ohm I watt 
2 300 ohm } watt 
I 250 ohm 3 watt wire wound 
I 250 ohm -!,- watt 
I 200 ohm -!,- watt 
l .5 meg potentiometer 
I .05 meg potentiometer 
CONDENSERS. 
2 500 mfd I 2v. Electro:ytic 
I 25 mfd 25v. El ect rolytic 
3 8 mfd 525v. Electro!ytic 
4 . l mfd t11bular 
4 .05 mfd tubular 
4 .02 mfd tubular 
3 .005 mfd tubula r 
I .0004 mfd mica 
5 .000 1 mfd mica 
VALVES. 
2-IT4, 1-1 RS, 1-155, 

l-6V6-GT 
SUNDRIES. 
4 miniature sockets, I octal sock

et, l octal plug and socket, 2 
terminals, 2 battery cl ips, bat
up wire, nuts and bolts, etc. 
tery cable, braided wire, hook-
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Lhc high Lcnsio11 scco11clary cc11lr c Lap ll'i ll 
Be posi~ive wiLh respect Lo canh. 

A little Lh ought now wil l indicate the 
importance of correct ly phasing eith er the 
input or high tension secondary leads w 
the vi brator ca rtridge. U nl ess this p re 
ca ution is taken, one se t of connections 
ca n easil y result in a negative rath er th a n 
a positive vo lt.age at the high tension o ut 
put. 

lf there is no exact gu ide given as to 
the correct con nec tions they rn ust be de
termin ed exper im ental ly, preferably before 
th e electrolytic condensers arc connected 
into Lhe circuit. The unit should be con 
nected lO a G.O volt so urce in the correct 
manner, and th e cl -c o u tp ut checked wi th 
a suita ble meter. H the high vo ltage is 
found lo be negative with respect to 
chassis, it will be necessa ry to reverse 
eith er the primary or seco ndary leads-but 
not both. Th is is most importa nt o th er
wise the fill er cond ensers will ac t as a 
direct short circuit resulting in possible 
detrimental r esults lO the vib ra tor car
t ridge. 

A :iront ·view of ·~ he •::ompletetl receiver . 

Buffer Condensers. 

T he two " buffer" cond ensers connec ted 
across th e secondary winding are very 
necessa ry, and their m ain purpose is lO 

preserve good ou tput wave form. 
Whilst a single condenser in this posi
tiion may suffi ce in some cases, better 
results are obtained by using· separa te 
condensers across each half of the wind
ing. T he va lue of Lh ese condensers is 

critical- 0.0l lO 0.02 mfd should be sa tis 
facto ry and th ey must have a IEiOO vo lt. 
rating lo withsta nd the AC peak curren ts. 

T he two ser ies resistors shown con
nected in the secondar)' leads ass ist in 
reducing the RF "hash" , and the va lu es 
of these can be from 50 Lo 300 ohms. 

Filter System. 

The high vo lLage DC outp u t is obtained 
from the centre t.ap o[ th e secondary wind-

ing, and RF filt ering is provided by the 
RF choke. Jn some cases it win probably 
he necessary to bypass this choke with 
0.0 I rnfd cond ensers if there is trouble 
wit h "hash". Actua ll y the va lue of these 
condensers is no t panicuJarl y critical and 
ca n be the subjec t o [ some experimenting. 
The vo ltage rat ing should be 400 or 600 
\ 'Oil. 

T he RF choke is a standard type cap
a ble of pass ing the total set current, and 
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for preference should be moun ted as close 
as possible to the H T output point. T he 
remainder o [ th e filter circuit consists o[ 
a stand ard 6 / 60 filter choke with th e 
two usual 8 mfd electro lyti c condensers. 

T his sys tem gives a pprox ima tely 130 
volts output, which is suitabl e for th e 
6V6G, but fa r too high for the 1.4 volt 
val ves. Consequently a 5,000 ohm Tesistor 
is used in th e H T line to reduce thi s volt
age to th e correct rating of 90 volts. 

Filament ·w ir ing. 

At first glance th e fil ament. wiring m ay 
a ppear undul y co mplica ted , but i f: thi s is 
traced through is quite easy to follow. As 
can be seen the firs t four va lves are very 
convenientl y connected across th e total 
filam ent suppl y. T here was no necessity 
for a dro pping resistor in thi s case since 
th e input lead a nd RF chokes reduced the 
availabl e vo ltage to ap proxim ate ly 0.8 
volts. 

To prevent RF interference in th e fil a 
ment circu its, they have been iso la ted lfy 
th e use of R F chokes and usual byp ass 
condensers. T hese chokes arc · th e R CS 
type 86, with ha lf the turn s removed , to 
red uce th e circui t resistan ce to a mini 
mum , and a rc conn ec ted in th e pos itions 
shown. 

T he two 500 mfd elec trol yti c cond ensers 
arc necessary to p revent an y modul a tion 
hum from reaching th e fi lam ents. T he 
pulsa ting n a ture of the current drawn 
from the vibra tor crea tes a ri p pl e in the 
o u tp u t l'rom th e battery and thi s is likely 
to g ive rise to th e hum rnentionecl. T he 
longer or higher th e resistan ce of th is 
input lead, the more pronounced thi s ef
fect becom es, an d th e use of th e 500 mfcl 
condensers across th e fil a ment will he lp 
to minimi se the tro uble. 

Series Filament Problems. 

\ •\/ hen th e fil a ments arc connected in 
series as shown a number of problems 
ari se th a t a re not usuall y enco untered 
with the more usual parall e l arrangemen t. 
Firstl y, th e filam ents become progressivel y 
higher in poten t ial as th ey arc removed 
from th e earth ed end of the circuit, and 
thi s, of course, gi ves rise t:o biassing 
trou b les. H th e grid re turns should be 
re turned to ea rth as is customary, th en it 
will be fo und th a t instead of th e va lves 
opera ting with the required zero bi as, 

BllDIO DEll:t.EBS and 
BOHE JISSEHB:t.EBS' 

We have th~ finest range of Table, Console and Radiogram Cabinets in Sydney 

Be lo.r l'.M. 
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Watch for Constructional Details in this magazine shortly 
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Lhere will he som e negat ive v.a lue a pplied 
to Lh e gr id by virLue o[ Lh e different 
potentia l at each negat ive filam ent p in . 

To overcome this difficul Ly the 1R5 a nd 
I T4 g rid returns have bee n connected to 
Lhe n ega Li ve fil a men t pin o[ the respec
tive va lve. [n add iti on, Lh e use o[ the 
shunt AVC on Lh e IT4 RF ampl if ier bas 
in effect reduced the potentia l bias on 
th is va lve to pracLica ll y zero vo lts . To 
provid e an R F return it is necessary then 
Lo connec t the .005 cond en sers to earth 
as shown. 

T he other prob lem encoun tered with 
such series n e tworks is the effect of Lhe 
va rious plate and screen currents. As ca n 
be r ea li sed th e Lota l ca thode cur rent for 
each va lve must pass through the nega
Live side of the filament, whi ch mea ns 
thaL Lhe va lves nearer th e earthed encl of 
the system- in particular, the 1T4 - IF 
amp lifier and 155 detector must carry the 
who le ca thode curren t o f the other va lves . 

ConsequenLly, in order ro prevent in 
cor;ect filament voltages it is necessa ry to 
provide a sh un t resistor across each of 
these va lves . Since the ma nufacturing 
tol erances of th ese va lves a llow a varia
Lion of ± JO per cent. in operating 
rati ngs, th e exact va lue of the resistor r e
quired ca n best be fo und by ex perim en t. 
As a guide, in thi s receiver it was fo und 
that a 200 ohm resistor across th e l T4 
and a 250 oh 111 resistor across th e l SEi 
proved genera ll y saLisfa cto r y. A lthough 
in th eory ano th e r shunt res is:o r should 
be p laced across th e J R5 filam ent , th is 
was noL deemed necessary in view of the 
large to lerance va lues allowed and low 
ratio of total va lve current to filam ent 
current. 

The remainder of the circuiL is quite 
s'.anclard and should not requ ire any ex
p lanation. Und er the col1ditions shown , 
the 6V6G will provide an out put slightly 

G~· ___ : SG 
C C::G .:::: 

0 
- + 

IT4 ISS SG 

SGUO 0 F- ---OOo 0 p 
P 0 0 CG 0 0 CG 

i:- 0 0 F+ I'- 0 0 F+ 

p ,,~ 
r:::: ·~" 

- soOoF=--. -so Oo 

P 0 0 CG P 0 Q 0 M 

F- 0 0 F=+ M 0 0 0 C 

NC 

Here are the so•ket connections for the 
va.lves . In each case t he socket is viewed f rom 

underneath. 
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This un derneath chassis photograph shows 

tind e r I watt. T he grid bias vo ltage is 
-:) and the outpu t transform er impedance 
shou ld be approx imate ly 6,000 ohms. 

A tone control circuit- consisting of the 
.O '"l m ftl condenser and .05 meg po tenio
meter- is conn ected across the output cir
cu it, a nd wi ll provide satis fa ctory results. 

General Construction. 

Alth o ugh a read y-cu t chassis (as we ll as 
an attracLive cab inet) should soon be 
avai lab le for thi s rece iver , the full chassis 
dimensions are included for those who 
may wish to start on the · job r ight away . 
T he genera l layou t and location of most 
components ca n be r ead i ly seen from the 
accompan ying photographs, and th e neces
si ty for short di rect leads ca nnot be over
em ph asised . 

In a receiver of thi s type much of th e 
like ly fin a l troub les is due to vibrator 
lwsh, and to overcome Lhis problem it is 
n ecessary to take th e greatest ca re d ur ing 
construction wi th the la yo u t and wiring 
up of the man y components. To red uce 
the intereEe rence, it wi ll be seen l11at the 
vibra tor uni t ha s been mounted at the 
extreme encl of the narrow chassis , with 
th e RF section at the other end . 

T he aer ia l input lead to the aerial 
coi l termina l is very shor t and it neces
sary thi s may be shie lded. T h e earth con
nection is essent ia l and shou ld always be 
used with this type of se l. T he onl y 
other lead like ly to cause an y trouble is 
the one from th.e 6\16 p la te Lo Lh e sp ea ker 
tra nsformer. U n less Lhis is correc tl y in
sta lled it will pass very close to Lh e coup
ling condenser (from 155 plate to 6V6C 
grid) and consequently resul t in feedback 
in Lh e form of hi ss and a high pitched 
whi st le. 

Both leads fro m the accumul ator should 
b e shie lded a nd the meta l bra id th en 
earthed on ly to the case o f the vi brator 
supply. Wh il st it may at firs t g lance 
seem poin t less to sh ie ld a lead alread y at 
earth potential, it mu st be rem erubered 
that thi s lead is rea ll y carrying vibrator 
current with superimposed Lrans ients and 
co nsequentl y ca n still actuall y radi a te a 
certain ;unount of in Le rfcrence. T he 

how the various components were fitte d )n. 

cover of th e input p lug should a lso be 
earthed to the sa me poi nt and for pre
ference thi s connection sl10u ld be made 
with braided wire . 

Alignment. 

Once the rece iver has been completed 
Lh e next step is to a lign the tuned cir
cuits for maximum results. vVhi lst thi s 
proced ure has been de tail ed in previous 
issues, it is g iven once agai n for ,compl e te
ness. 

A lth o ugh thi s should be clone with a 
modul ated osci ll ator to achi eve maxim um 
res ults, th e fo llow ing simplifi ed procedL1re 
will genera ll y be sa ti sf~ ctory in most 
cases. 

T un e in a stat ion at Lhe high frequency 
end of the band and adjust the ae rial 
tr immer for maximum gain . Next tune 
Lo Lh e low frequency end and adjust 
the aeria l slug for maximum results. At · 
this stage loosen ofE th e d ial drum and 
ad just the di a l poin ter to register cor
rect ly on a station , such as 2FC . 

Then tun e in stat ion 2SM on Llie high 
frequency end and adjust Lile oscil lator 
trimmer unti I thi s is shown to be in iLs 
correct posilion. Again check the aeria l 
trimm er for max imum ou tput, and if yo ur 
gang, coil s, and dial a rc accurately 
matched then a ll the stations sho ul d corne 
in a t their marked posiLions. 

Un less yo u have a moclul aLed oscill ator 
it is preferable not to touch . th e l.F. 
tuning slugs, altho ugh iL is p ermissib le Lo 
move the slugs (starting from the sec
ondary oJ: the last I.F. and working back -

• wards), slightl y one wa y or the other to 
check for max im um output. 

To m1n1m1se interference problems, mount 
the vibrator socket on rubber g rommetts a s 

~hown. 

21 



22 

As you've noticed, Philips 
Valves are now appearing in the 
smart new hlue and yellow cartons 
. . . or at least some of them are. 
The change-over is being made 
gradually, clue tv the fact th~t 
considerable stocks of the old· 
type cartons must he used fit-st. 
There is an acute shortage of 
carton board, and to scrap all 
old stocks would he inexcusable 
wast~. 

Although, for some time, you will 
receive your supplies of Philips 
Valves in ho th new and old car
tons, each and every valve is straight 
from the assembly line. Old cartons 
for a time ... yes! But the valves 
inside •• • as new as the minuie. e PHILIPS 

VALVES 
PHILIPS ELECTRICAL INDUSTRIES OF AUSTRALIA PTY. LTD. 

SYDNEY e MELBOURNE • AD E LAID E• P E RTH • BRIS B ANE V!O 
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MAGNETIC STRING MUSIC PICKUP 
Details cf an easily unstruded magneti:: pickup unit, whi<!:h 

ca111 be addet! t-o any guitar or other stringed inshument . 

This guiLar pickup reproduces faiLh 
full y Lh e sou nd of an y slee l- string·ed 
instru111ent. lt is h eld to the ins· rum ent 
by suction cups, zncl can be attach Ed 
or Laken off readily. Since iL depends 
on the 111agneLic principl e and not on 
.>ou nd vibralions, the quality of repro
duclion docs not dep_end on Lhc original 
ins· rument. 

Type of Magnet U ~ed. 

The unit is built around a piece of 
Alnico V magn.et-the size used b~ing· 

3/ 16 x !i / 16 x 2* inches. Th is was pre
rnagne t ized and polished on one nar
row face. 

The lengLh of the magnet is imponant 
since it must span the strings of th e 
instrument. This 2* inch length is suit
able for a 6-s ·_ring guiLar; [or a tenor 
guitar, which uses on ly four strings. a 
shorter magnet wou ld be better. 

The magne t in th is case was m<ig
nctized longiLuclinall y. While this caused 
some atlen ua tion of Lhe Lwo middle (D 
and C) Hrings, it had tl1 e desirable r e
sult of building up the strength of the 
tones produced by the outside ones. Since 
Lhe melody is usuall y carried by the Lwo 
high est (B and E) str ings, this was quite 
satisfactory; and some unusual effects 
in bass runs may he achieved by this 
build-up in bass response. Jf it is pos
sible for t.he builder to obtain a magnet 
which is magne t ized across the 3/ 16 inch 
face, some other interesting resu lts might 
be achieved. 

Constructing the Coil. 

The coil form oE thin fjbrc is glued 
with coi l cement and made to lit the 

n WINDING • • l ' 
~ MAG 'ET I FIBER FORM 

SUCTION CUP POSITION Of INSTRUMENT STRINGS 

Full constructional detail s are i:dven in this 
diagram. 
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magnet slug 11 sed. Dimensions of tll e 
original unil appear in Fig. I. Wh en 
this form has dried , remove th e magnet 
and rep lace it with a sma ll pi ece o[ wood 
o r bakelLe drilled in the centre LO ac
commodate a I -inch 6-32 machin e scre1r. 
Hv chuck ing this assembly in a hand 
drill ii is easy .lo wind the wi re. The 
coi l form is scra mble-wound with No. 32 
ename l led wire. Two short lengths of 
flexible wi re a re soldered to th e ends o[ 
the wiring to facilitate making connec
tions. 

This winding has a d.c. resistance o[ 
approximatel y 30 ohms. The output wi ll 
b e greacer if the builder can wind on 
more turns o[ smaller wire. However, 
.it is difficult to wind wire smaller than 
No. 35, unless special care is exercised. 

Assembly Details. 

The comp leted ttl il and magnet assembly 
is g lued to a 3/ 32- inch bakelite o r fibre 
mounting plate. The flexibl e wires so ld 
ered to the winding should now be sold
ered to the microphone cable, the out
side encl of the winding g·oing to the 
shield of the cab le. A ,cable clamp at
tached to one of the 8-32 screws on the 
suct ion cups holds the cable to the as
semblr. The other encl of the cab le 
terminates in a standard phon e plug, 
connected so that the shield wi 11 go to 
ground in the amp lifier used . The inn er 
conductor of th e cab le may be inserted 
directly into the gT id cirrn it since the 
impedance of the winding is sufficiently 
high ly. 

The suction cups holding Lhe unit to 
the sounding board o[ the inst rum ent are 
then attached to th e mounting plate with 
small brackels. T he height of these 
brackets wi 11 depend upon the size o[ 
the suction cups used , allowance being 
made for the fact that compressing the 
cups will lower the assembly consider
ab ly. The unit should be as dose to 
the strings as possible without touching 
them . T he exact height can be adjuster[ 
by the two nuts on the bol ts which 
hold the suction cups. 

The Instrument Amplifier 

T he ampliher need no t be an elabor
ate one. A high-hclelity type is prefer-

A viPw of th~ compJeted instrument. 

able , but almost any 2-stage voltage amp· 
lifier with a single outp ut tube will do. 
Th is unit has also been used wi!·h ex
ce llent results with a phono oscillator 
having an extra vo ltage amplifier ahead 
o[ the modulator. 

This pickup was tested on both Ha
wa iian- and Spanish type guitars. It 
does not alter the characteristics o[ ren
dition. Since the Spanish guitar is es
sentia ll y a rhythm instrument, the pick
up should reproduce a not too sustai ned 
tone. ' \/ hen using a ;(tee! gu itar, a sus
Lained to ne is desired and a short, snappy 
1.one would nol be suitable. T his pick
up fulfil s those qual ification s. 

The expe ri111 cnter can build this liule 
gadget at no111inal cost. lt wi ll electrify 
~ln1ost an y guitar and ('vith a few 
cha nges) man y oLher inscrurnents. It 
may be used with any amp lifier used 
for 111usic amplification . 

- Courtesy Radio Craft. 

FlVI Broadcast Interference. 
The in terference t.o British te l ~v i sion 

programmes from American l ;· M slations 
ha ve now bccantc so severe thal 1n any 
of the latter station schedules have had 
to be changed. 

T hi s interference. previously considered 
unlikel y because. ol' the lin e-of-s ight pro
pagation charactcri slics o[ t:he ·v-h-E 
waves, is caused by long range sk ip 
transmission -from the 4:"i . l Mc. trans-

' rnitter. It is thought tha t thi s is only 
a temporary condition brought about by 
sunspot activity-now at the highest point 
ever recorded, and will not recur as a 
se ri ous problem at such long distances 
un til Lhe next sunspot maximum. 
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A.-Applying Ht1uid wax to heat~d gla£s disc. 

K.-The final polish before inspection and 
packing, 
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B.-Thc No. I Control Rocm. 

RECORDS IN 
Modern recording ' practice dates from 1925, when e lectr ica l recording 

made it poss ibl e to record almost anything successfully. The accompany-· 
ing photographs depict some phases of modern methods of making records 
- the use of which has now become an integral part of the modern home . 

The f irst stage in the manufacture of a record is in the preparation 
of the wax disc on which are cut grooves correspond ing to the received 
sound waves. A new method of preoaring these wox blanks hos been per
fected . This cons ists of using high ly finished plate glass discs, which 
when heated to a suitable temperature are coated with a thin film of spe
c ia lly prepared recording wax. (A) The even flow of thi s wax over the 
glass is carefully control led in an air-conditioned chamber, and the plate 
is then gradually cooled until the hardened wox provides a perfect mirrar
like su rface . 

As soon as the recorded wax has been received from the studio ( B), 
it is prepared for electroplating by dusting the surface with a graphite 
powder so fine that it does not affect the delicate sound tracks. This 
conducting surface allows the particles of copper in the plating bath to 
form a thin but strong · " negative" shell on the wax ((). The removal of 
this shel l calls for very great sk ill and experience s ince in the process of 
stripping it off, the wax itself is rendered useless (D). 

The first copper shell is calle.d the "Master" and instead of grooves 
in its surface, it bears the sound waves from the wax in the fo rm of ridges. 
Although records could be p ressed at once with it , the "Master" would 
begin to wear after a limited time. So a second copper shel l called the 
"Mother" is now grown on the "Master" (E ) . This is aga in positive and 
of no use for pres-sing records . The "Mother" is therefore put back into 
the plating bath and a t hird and final she ll deposited . This is known as 
the "Stam per Matrix" and these can be taken from the "Mother" as often 
as required. 

The "Stamper Matrix" is now backed with a copper plate and the 

J .-Bulling the edges of the 
finished record. I.-The pressing completed. 

H .--A section of the record press room. 

\"ii 

C.-Jm mersing cut wax disc in electrolyte. 

THE MAKING 
centre hole dril led. Sample records are pressed from it, and these undergo 
various tests for wea r, musical quality, etc., before the record goes into 
production. 

The pressed record is actually laminated, cons ist ing of a centre care 
a nd two su rfa ce sheets of suJ phite paper specia ll y coa ted with a shellac 
compound ( F). Thi s form of manufacture not on ly gives considerable 
st rength to the record but provides a smoother playing surface . The core 
materia l consists of shellac, copal mineral earths wh ich form a black sub
stance that becomes plast ic when hct and hard at normal temperatures. 

It is m ixed in machines which re ject automatical ly a ny g ritty particles, 
a nd the refined material is .oassed through heated rollers wh ich grade it to 
a uniform thickness and mark the sheets into su itable sizes for 1 0 and 12 
inch reco rds respectively. When the sheet becomes cold and hardens, 
t hese pieces of material a re broken off and refe rred to as " biscuit. " 

The " bi scuit" is taken on tro ll eys to the press ream ( H ) where the 
press man has already f ixed two matrices ready in pos ition to make a 
double-sided record. In the cent re of each matrix he places the requisite 
label followed by the specially treated surface material or coated paper 
sheet (G) . From the heated slab by the press he takes one of the pieces 
cf "b iscuit", rolls it in to a bol l and puts it on the cent re of the lowe r matrix. 

He then pul ls a lever and the . hinged plate bear ing t he matrices close 
with a pressure totalling nearly 100 tons to the square inch. As the pres
su re is applied steam is circuited behind the matr ices ond this is followed 
by water cooling. The press then opens revea ling one of the familiar 
block sh in ing discs ( I) . It is token off from the press and the surplus 
mater ia l broken from the edges. 

Nothing now remain~ but the finishing process of buffing the edges 
(J), polishing the disc ( I( I. affix ing any Copyright Royalty Sea ls and a 
fin a l inspection before packing and passing along to the store. As a 
check on t ne production, records are token from each batch of pressings 
at regular intervals ond tested for wea r. 
Photographs Courtesy : The Gramcphone Co. Ltd., Co lumbia Graphophone (Aust.) 

P ty . Ltd., and Parlophone Co. Ltd. 

G.-Coating the surface sheets with a shellac compoun d. 

D.- Thc neguth·c "sheli" is carefully stripped from the wax. 

E .-Thc ne·gative "Master" is again immersed 
and a positive "Mother" grown. 
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)•' .- ~-Stripping the "Mother" from th~ "Master" negative 



This is the · fifth in ou r ser ie; 
o f Radi o Quizzes to t est your 
general and technical radi o know 
ledge. To obtain your 1. Q. rating , 
take 1 0 pc ints for each question 
you answer correctly, and -5 points 
if only half right. 

As a guide to your abi lity, th e 
scores are: Beginner, 50 % a n:I 
.under; Ex perimente rs and Serv ice
men, 50 to 75 % ; Experts, 75 to 
95%; a n:I Genius, ove r 95 '/o . 

-----.. 

Q.1. - The 11w11ber of 1\ em1.elly-Heavi-
side layers is-

(a) One. 
(b) Two. 
(c) T hree. 

Q .2.- Tec/mically s/Jeahiug a radio wave 
is a-"dislurbance fJroj1aga.led through a 
dielectric or free sfJace having I.he nature 
of a travelling magnetic field al: right 
mio-les lo it." Whether you knew this or 
no~, y ou. should still li e able lo f1ick this 
011e. !!fl hat !!ind of waves can be trans · 
m illed through pipes? 

(a) Ultra short. 
(b) Standard BroadcasL. 
(c) Long waves. 
(d ) Centi metre waves. 

Q.J .-Monel ·111e/al, w l1ic/1 is an allo)' 
so 11 1.eli 1nes used in the co11str11.ction of co·11 -
de11ser plates aud clwsses, is co111 J1oscd of-

(a) Copper, nicke l and iron. 
(b) Copper, nick e l ;me! sil ve r. 
(c) Zin c ancl lead. 
(d) N icke l, brass and platinum. 

. q_ .·1. - l f vou. intended vsi1 1g a r/011./Jle 
/ju/.lou 111icroj1 ho11e for one of /./1ose 
"11.ctu.alily" /101;1e liroa.dcasls , which wonlrl 
IJe tlie /Jes/. way Io connect it into y our 
receiver? 

(a) D irectly across the grid ·a nd cath ode 
of the fir st au d io am plifi er valve. 

(b) To th e grid and ca thode of th e 
de tec tor valve th rough a special 
coupling transformer. 

(c) To the grid and cathode o[ th e 
fi rst a udi o amplifier through a . 
special co upling transformer. 

(cl) D irectl y across th e grid and cathode 
of the detector va Ive . 

Q .5.-A general /mrjJose triode is a very 
useful value a11r/. rn ·11 /Je used for 111a11v 
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circuit af1f1lica/.irms . ! /. is usual to con
nect the filale anrl grid together when it 
1.s being used as~ 

(a) .-\ n RF arnplifier. 
(b) .-\ modulator. 
(c) .-\ half wave rectifier. 
(cl) .- \ n .\ F a mplifier. 
(c) .-\ heat frequency oscillato r. 

()_-6. - A lthoug/1 111osl receivers 110wadays 
onlv require au indoor antenna for effi
cienl: oj1eralion, there are still many who 
fJrefer lo hook uji the im.jJressive ou.ldoo1· 
ty/Je, if 011.ly /;o irn/Jress lhe neighbours. 
Which brings us to our quest ion. Wh y is 
stranded ena111e!led wire preferred by 
111.any for the outdoor antenna? 

(a) It does not corrode so rapidl y. 
(b) It offers a greater surface area . 
(c) I t looks better. 
(cl ) I t is cheaper and lasts longer. 

Q.7.-Now one lo give you a few extra 
111arks. W/1ich of the follow ing electrical 
ajJjJliances is the 11/.ost efficient? 

(a) E lect ri c motor. 
(b) Generator. 
(c) E lect ri c li ght bulb. 
(d ) T ransformer. 

Q.8.- T/i e si1nplesl for111 of electrical 
condenser consists of a f)({ir of conducting 
surf aces se/Jarn.t.ed IJ )'-

(a) A di ss imil ar metal. 
(b) An insulator. 
(c) A low resistan ce. 
(cl ) A vo ltage divider network. 

(J .9.-Cirwlar 111ils a1'C-
G1) Places where logs arc s li ced into 

boards .. 
(b) Li111 its expressing the cross-sectional 

area of wires. 
(c) · .\ set of: mathematical tab les 11 sed 

in spherica I trigonom etry. 

Q.IO.- Freque 11 lly t/1e occasion rises 
when it is necessary lo change a wave· 
length in lllelres lo the equivalent in feel. 
Th e simplest way of doing this is to-

(a) Multip ly the number of metres by 
36. 

(b) Di vi de th e number of metres by 36. 
(c) M 111tiply the number of metres by 

3.28. 
(d ) D ivid e the nu111ber of metres by 

3.28. 
(e) M ul t ipl y the number of metres by 

6.28. 
(f) Divide the nu mber of me tres b y 

(i 28 . 

Q .11.-The word '·broadcasting" occurs 
fa i rly freq11e11tly i11 rndio fml1/ications and 
I he ler111 really 111ea11s-

(a) Any transmission of radio energy 
fro1n a transn1iuing s lation. 

(h) Transmission of entertainment pro
gran11ncs . 

(c) T ran smiss ion directed at n o par
ti cul a r area. 

0.12. - As 11/.0Sl readers kn o11', l11e con
t rot grid in 111.any screen grid valves is 
brvugh.t out i:hrough a meta l ca/1 at the 
toj1 of I.he valve . T he jntrjJOse of this is-

( a) T o make shorter grid leads pos
sib le . 

(b) So that th e meter can be read il y 
conn ected when measuring voltages. 
To keep the grid lead inside the 
va lve awa y from the rest of the 
va lves in terna l leads. 

(d) T o make it easier to conn ect and 
disconnect the g.,- icl l ead. 

Q .13.-lf you have hafJjJened to 1·ead 
the recent article on " FM ·Antenna. Trans
mission Lines," this one should be easy. 
The most efficient means of tra.nsrnitting 
high freq uencies by a wire line is-

(a) Twis ted pair. 
(b) Co- axial cab le. 
(c) Shield ed wire insid e ground shield . 
(cl) W ide ly separated singl e wires . 
(e) T ransposed Jines . 

(.!_. 14 .-The radio COlllfHISS ({S filled lo 
11ws/: aircraft anti shifJs is a very useful 
device . 1-/oroever yon ruo uld /Je wrong 
if y ou said. that it i's-

(a) A compass used by surveyo rs LO clc-
1.ermine a suit.able location for a 
tra nsmitter. 

(b) .-\ loop antenna operated to deter
min e the craft's clirec '. ion [rom a 
transmitter. 

(c) :\ compass whi ch is cor rected by 
means of a radio beam. 

(cl ) A means of determining tb e posi
tion of th e p lane or ship through 
tr iangu lation . 

Q .15.-N ow for a simjJle question in
vol11i11g circu i l: lheor'y . I f a 111w iber of 
valve filamenl:s are connected in series 
across a cormnon voltage source and one 
of them. burns out, the rem.ainder wi/L-

(a) Become brighter clue to decreased 
resistance in circuit:. 

(b) Immediatel y go o ul. 
(c) Remain alight; but become dimmer. 

(Fer answers see page 48. ) 
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ALL-WAVE BATTERY TWO 

A v iew of th e chassis showing the two short wave coils mounted in position. 

The a o'.-dition of two easily constructed short wave coils is all that is 

necessary to complete this smail receiver. The accompanying article gives 

full details of these coils, together with the method of operating the 

rece iver on these higher frequencies. 

ln the previo us issue, the general chas
sis details as well as th e wiri ng· in of the 
broadcast co il were gi1·e 11 for th is sma ll 
receiver. N o doubt many o f those who 
have started LO consLn1cl th e receiver arc 
now in a position LO add the two shon 
wave co ils, a nd hi ll d eta il s of th ese a rc 
now given. 

' Vhil st th e addit ion of these exlr<\ coi ls 
is not a parLicu larly diffi cult Lask , i t will 
b e fo und t hat more care is necessa ry than 
was the case with the broadcast ve rsion , 
if the se t is to opcrale with max imum 
efficiencv. 

U se thi s diagram as a guide when connecti ng 
th~ coil leads to t he wave c hange switch . 

RADIO SCIENCE, . June, 1948 

Before deta iling th e wi·nding· of 1 he two 
short wave co ils. there is one furth er 
point in regard LO the circuit that re
quires mention. Reference 10 the sche
mati c diagra lll wi ll show that there are 
Lwo variabl e <.:o nd cnsers conn ected across 
th e co il s. One of th ese is the ma in tuning 
cond enser- r eferred to as th e band-selling 
condenser and th e other is a !) plate mid
get type . sometimes known as the band
s/jread condenser. 

Band Spread Condenser. 
Th e purpose of this sma ll condenser 

is to en able a smal l sec tion of th e total 
tu ning ra nge to be ex/Janded or widened 
a nd so fac ilitate the tuning in o[ th ese 
short wave sta tions. Due to the higher 
[requencies in vo lved , i t wi ll be readily 
rea lised th a t a small movement of the 
main tun ing condenser will cover a wider 
band of freq uen cies on eith e r coil , than 
wo uld be th e case with the broadcast b and 
co il. Th is m eans Lhe actua l space occu
pied b y an y particular sta tion is ext remel y 
narrow, and consequentl y g-rca lcr care 
mu st be o bse rved with th e movement of 

this condenser 10 accurate ly u1nc in a 
g·i ven station. 

T hi s difficulty , fo rLunaLe ly ca n be sim
p lified by the addition of the band spread 
ing a rrangement. i\s before th e required 
frequency band is tun ed in the normal 
mann er using Lhe /!and -selling condenser 
mann er using the /Ja.11d-setti11g condenser , 
and then by m eans of the sma ll er con
denser thi s ca n b ~ sjHerul over the [ull 
move ment .of th e conde nser. So in e ffect 
t he ac tua l ba nd width is effec tive ly in
creased resul t ing in easier logging of sta
tion .:. 

Winding the Coils. 
T he coil data for the two co ils is indi

cated in th e accompa nying diagra111 and 
panel , and this sho uld be adhered Lo for 
a start. However, at thi s juncture it 
should be pointed out that si nce it is 
practica ll y impossibl e to exac tl y dupli e<lle 
ha nd wound coi ls , th e constru ctor will 
most like ly find th at some sli ght modifica-
1 ions to thi s d a ta a re necessa ry if maxi
mum results on each band a rc to be 
achieved . For thi s reason the data g iven 
should be merely r egard ed ;1s a so und 
working basi s from wh ich an y changes ca n 
be mad e . 

T he coi l formers used arc 7 / 8- inch 
bake li te Lubing, a nd 2} in ches long'. T he 
va rious coil lead Lerniina ls are made by 
attaching o rd inary so lde r lugs to Lhe end 
of th e coil by m eans o[ sma ll eye le t rivets. 
The other end is slo tted as indi cated by 
using a hacksaw and th e a luminium 
mounting strip slides into thi s groove. 

Although there a re several ways o[ 

A close up of the two completed co ils. Note 
mc~hod of fitting the mounting st rip. 
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ALL WAVE 
BATTERY TWO 

001 

·5 

No. 30 S\\ 'G silk covered wire a 11cl this 
shou ld be intcr-wo11ncl al the cold encl 
of the grid winding as show n. When 
both windings arc completed . cover 1hc111 
wi th a co il dope solution LO prevent any 
movemen t of the wrns. ' 

The im portan t point to watch in wind 
ing the coils is t.h at the wire is kept as 
t igh t as possib le at a ll times. The spac
ing between Lh e various turns can be 
eith er judged by eye, or better still string 
of the same diameter as the wire can be 
wound on at rhc same ti me between the 
ttirns, a nd then removed as soon as the 
co il ends arc so ldered in position . 

The circuit is basically the same as that used for broadcast version, with t he addition 
of the :;hort wave coils. 

\\/h en the coils arc completed. mount 
th em in the position indicated-immedi 
ately abcn·e the broadcast co il. and con 
nect the va rious leads to the sw itch. The 
sma ll diagram wi ll assist in doing this , 
and to avoid any possib le errors it is s11g
gcstccl that all lead s on any one coil be 
soldered in place before starting on the 
second coi I. 

winding the coi ls, it is considered th e fol 
lowing is probably the simplest method . 
First of a ll solder one end of the wire 
(a lways start with the grid winding) to 
the requisite terminal lug after threading 
the wire through a hole drilled in the 
coil form. Then secure the loose end of 
the wire to some conveni ent distant point. 
Wind the coil by keeping the wire taut 
at the same time moving towards the dis
tant end of the wire as the coj I former 
is being wrncd in the hand. 

\'\'h ilst this ma y seem somewhat crude, 
it wi ll be found that this method wil l 

allow the wire to be wound more tightly. 
resulting in a better looking coil, than 
would be the case if the former is simply 
he ld in the hand and the wire wrapped 
around it. \ \/hen th e correct number of 
wrns have been wound on the tubing, 
cut the wire, thread it through another 
hole drilled in the former and solder 
direct t.o one of the terminal lugs. 

As tinned copper wire is ·used for the 
grid wind ing, it is a simp le mauer to 
so lder the separate tap lead in position 
after the co il is completed . 

The rea ction winding is wound with 

Making 

Operating the Set. 
\\ ' hen the coils a rc wired in pos1uon , 

and all leads re-checked for possible errors, 
switch the set ON and l11rn the wave 
chang·c switch to th e desired band . It 
should be mention ed that Short \ '\lave sta 
tions arc not on the air at a ll times, and 
conscquenU y reference should be made 
to current short wave notes before trying 
for any particular station. 

a Midget? 
Make it 

Special 
DUAL WAVE 
"Q PLUS" I R5 

with the 
Bracket 

wit la 

"Q PLU'S" . th IS e smallest yet. 

No Half Measures with "Q PLUS" 

"Q PLUS" has Full Size Short Wave Coils
with Full Performance "Ferropreg" B/C Coils 

Insist on "Q PLUS' Coils 

a Beinarlz? 
NOW Available: The New "Q PLUS" Midget 

Permeability Tuned REINARTZ Cnil 
Complete with Recommended Circuits, etc. 

R. W. STEANE & CO. PTY. LTD., Auburn, Vic. 
Trade Enquiries Di rect or to A. J . PHILLIPS AGENCIES, 27 Hunter Street, Sydney - Brisbone - Adelaide. 

Factory Representative ( New Zealand ) : MESSRS. CARREL & CARREL, 41 Shortlond Street, Auc k land, N. Z. 

Please Mention RADIO SCIENCE when Replying to Advertisements. 
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:\ext. advance ,Ill e rcgeneratio11 con1rol 
in a clock-w ise direc ti on until the famili ar 
so und of lhe set oscil lating· is hea rd. Th is 
condition ca n be readily recogn ised b y a 
ru shing or hi ssing noi se, and the poinl 
where thi s oscil lalion begins is lhe mosL 
scnsiti 1·e operating poinl [or the rece iver 
al that pani c11lar band se lling. 

The tuning cl ia l- Lhat is Lhe band 
setting condenser should now be slow ly 
tu rned , a nd al 1.he sa me time keep m ov 
ing th e regenerHion con trol in order LO 

keep the se l oscillating over lhe range. 
I[ the tuning is done slow ly and care
ful ly, it shou ld be possib le to hear some 
type o[ stations- either phone or code. 
gacKmg off 1 he regeneration contro l un 
til just below the point of oscillation will 
a llow the phone station lo come in clearl y, 
whilst for the recep tion o[ cod e signa ls 
the receiver can be left in · an osci ll ati n g 
condition. The Lone o[ lhe code station 
will depend on the lrequency produced 
b y bealing lhe detector against the in
coming signa l [requency, and conseq uentl y 
ma y be var ied within s li g·ht limits by ad 
ju,5ling the tuning condenser. 

As mentioned last month , the presence 
o[ a station will be indi e<1ted by a whistle 
and once th is is hea rd , leave the tun ing 
condenser se t, a nd use the band spread 
condenser as a vernier control for the fin a l 
Luning jn. 

Careful Tuning Necessary 
The main poinl to bear in mind is the 

necessity for carefu l tun ing on al l short 
wave bands otherw ise man y stations wi ll 
be easi ly passed over. However, a littl e 
practice with th e set wi ll soon make th e 
beginner quite prof-icient at station log

g ing. 

8TURNS 
WIN~D COPPER. 
DotJ8J..E5PACE 

')TURNS 
INTER.WOUND 

8 - 13 TURN£; 
JOSWG. 

CLOSE WOUND 

COIL DATA. 

GRID WINDING. 
18- 6.5 Mc 

20T1JRNS 
TINNEO COPPER 
l/AU:r.MCED 

8TURNS 
/NT£R. WOUND 
TA.nED 4 TURNS 

8 turns 18g. Tinned Copper 
Wire. Dcuble Spaced. Winding 
cccupies Y2in . Tap 1.5 turns 
from cold end. 

8-2.5 Mc. 
20 turns 18g. Tinned Copper 
Wire. lh spaced Winding occu
pies 7 /Sin. Tap 4 turns from 
co ld end. 

REACTION WINDING. 
18-6.5 Mc . 

8-1 3 turns 30SWG SC wire. 
3 turns inte rwound with cold 
end of grid winding then bal
ance close wound . 

8 2.5 Mc. 
15 turns No . 30 SWG SC 
wire. 8 turns interwound with 
cold end of grid winding. Bal
ance c lose wound. 

For rderence , th e various dia l markings 
for the differe nt bands sl10ulcl be marked 
on the front panel a s soon as they are 
located, and thi s w ill enable easy recog·
nition at a later date. Hy carefu l tuning 
co il 1 wi ll cover from 18 LO 7.5 Mc
approximatel y ]().!) to 46 metres, and con
sequent ly yo u shou ld be able LO hea r 
stations on the EJ, 25, 3 l and 42 metre 
bands, as well a~ the 20 and 40 metre 
amateur bands. The second coi l provides 

(Continued on page 48.) 

A .front view of the completed receiver. If desired the set can be easily fitted into a 
nmall wooden cabinet. 
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"CONNISEUR" 
crystal pick-ups 

A superb unbreakable cry

stal pick-up guaranteed for 

hr elve months. Designed for 

minimum record wear and 

full tonal brilliance. Equip-

peel with the exclusive 

needles made by the AUS

TRALIAN RECORD COM

P ANY of SYDNEY, either 

sapphire or standard needles. 

* 
THE PICK-UP FOR YOU 

An attractive technical bro

chure is available on request 

so we ad vise you to write to

day, to the SOLE MANU

FACTURERS of the Aus

tralian C01 NISEUR. 

* 
1 KELMAN 
INDUSTRIES 
Department RS. 

Box 40 

Hawthorn, E.2. 

MELBOURNE, VICTORIA. 
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NO TWO 'WEIGHS' ABOUT IT - THEY'RE IDENTICAL 
That is just a way of drawing your attention 

to a particular feature we are proud of at 

Eyelets. Every metal pressing from the first 

to the last of the order . . . and sometimes 

there are millions of pressings • . . is abso· 

lutely identical and absolutely right to 

specifications. You can always depend on 

Eyelets for accuracy, low production cost 

and prompt delivery. Your output will never 

be held up through any fault at Eyelets. 

New pressings to suit your specific need 

... specifications as requeste:i ... and these 

are great advantages • . . or as we say at 

Eyelets, tremendous trifles. Why not get in 

touch with us? 

EYELETS. 
PTY~LTD. 

GREEN STREET, WINDSOR, MELBOURNE 
Interstate Representatives : C. H. R. JOHNSTON PTY. 
LTD., Sydney; F. L. RUNGIE, Adelaide; E. D. WELSH. 

Brisbane: C. R. PALMER. P?rth 

PATON 
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FOR THE EXPERIMENTER 
Batterv Powered 
Signal' Generator. 

_.\ simp le signal generator for receiver 
alignn1ent can be made up using the fol
lo\ving ci rcu!L. Requi ring a rninin1un1 of 
parls the whole un it can be completed 
in ~in evening. Bein.; Oj: crated fronl bat
teries. the unit is sclf-cont;1i 11 cd and port
abl e. 

Tbc coil details ;ire as foliows:
L . 1.- l ;)Q lttrns LaFped al :'JO l11rn 3 fro1n 

gr id end I t in. former. 
L2 .-48 turns tapped 18 turns from grid 

By A. H. NICHOLLS, VK2NI 

Crystal J\Iixer in V.H.F. 
Converter. 

l~~meo o ~ II.EC. 

~ Cl C3 C4 
LINE 

I · l'il.PPROX. . 7 

end I :) in . former. ·01 

The battery-operated signal generator circuit. 
Any of the 1.4 volt triodes may be used in 

this c ircuit. 

Switch to Safety. 
For the sake of a few shillings why 

take the risk of putting the "test finger'" 
inside the rig? 

The c ircuit below is a definite life saver 
in this respect and in addition , acts as an 
HT " on-off" indica.tor. A double pole 
doubl e throw relay and two lamps is all 
that is required. 

Tl1e two resistors shown in diagram 
prevent any inductive surges from blow
ing the pilot lamps. 

TORE.L.Al,I 
VO~TA6E 

This relay operat~d power S!lf p!y will ensure 

"saf~ty" in the transmitter as well as acting 

as a visual "ON-OFF" indicator. 
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200-2!>0 

Crystal mixer circu it fer a VHF converter. 
C l is a 3 plate variable; C2, a 5 plate air 

trimmer; C3 and C4, 3-30 trimmers. 

Jn the circu it shown a fix ed crystal de
lector is used as V.H.F. mixer enab lin g 
more efficient operation Lo be achieved 
than with vau111m Lube circ ui ts . 

,\ G.J0 may be used for frequencies up 
to GO me. but a miniature type 9002 , 6C4, 
9001. or 6AKS would be the logical choice 
for frequencies above this . 

Coupling is adjusted for sufli cient signal 
.> injection , approx imaLely 2in. being opLi
fitmum , . too tight co upling wi ll increase 

noise leve l and decrease signal strength. 
Care must be taken not to allow the 

oscillator lo super-regenerate. Omitting 
the usual RF choke and substituting a 
20,000 ohm t watt resistor ivould ordi
naril y suffice here, but HT vo ltage may 
have to be adjusted. 

The circui t for a combination bass and treble 
ton~ control . 

Bass and Treble Control. 
Here is a well tested and well tried 

dual tone control capable of giving a 
Low and High Frequency boost of up to 
15 Db. 

However, to compensate for this an 
extra stage of gain is required. Substitut
ing a 6F8G or GSN7 in place of one of 
the 6J5 's wi ll offset for the loss by the 
insertion of · the tone controJ. 

Miniature Tube Shield. 
A simple but efficien t miniaLure tube 

shie ld may be made from a piece of 3/ Sin. 
or ~in. copper braid . • The braid is en
larged a nd shaped over a suitable screw 
driver ·handle. The encl is twisted and 
then secured wi th a spot of so lder. A 
long so ld er lug earths the shield to chassis. 

SOLDER. LUG 
FOR. EAR.T'-1 I NG 

I\iethod of making a miniature tube shield 
from copper braid. 

DID YOU MISS THESE 
ARTICLES? 

FEBRUARY, 1948. 
Bui Id the Miniminor Portable. 
Can you Read Circuit Diagrams;> 
Low Cost Amplifier. 
The ABC of Frequency Modu

lation. 
Speaker Network Design Data. 

MARCH, 1948. 
The Miniminor AC Mantel. 
UHF Techniques. 
Convert the AR-301 to FM. 
A Two-Valve Tuner Unit. 
An Abee for Des igning Resis

tors. 
APRIL, 1948. 

High Frequency Heating. 
Dual Purpose Amplifier. 
F.M . Antennas . 
A Versatile Signal Tracer. 

Copies of the above issues are still 
available, and can be obtained by 
writing direct to the Subscription 
Department, Box 5047, G.P.O., 
Sydney. The price in each case 
is l / -, post free. 
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ANALYSIS OF RAD I 0 INTERFERENCE PHE'NOMIENA 
CHARACTER, CAUSE, TYPE OF RECEIVER AFFECTED, WHERE PREVALENT, SERVICE REMEDIES 

TYPE OF INTERFERENCE 

IMAGE RESPONSE 

HARMON IC OF J.F . 

DIRECT 1.F. RESPONSE 

HARMONICS OF 
OSCILLATOR 

COMIJINATION OF I.F. 

HETERODYNE 
OSCILLATOR RADIATION 

CROSS MODULATION 
WlTJ-UN R ECElVEll 

SAME CHANNEL BEAT 

ADJACENT CHANNEL 
IJEAT 

MONKEY CHATTER 

CHARACTER 01' 
INTERFERENCE 

Hetercdyne whistle o r second 
signal when tuned to certain 
stations . 

Heterodyne whistle when tun 
ing a stat ion hav ing same fre
quency as a harmonic of l.F. 

Nan-tunable code with inten
sity increasing toward low 
frequency end or band. 

ReceJ>tion cf Short Vlave code 
or Brcadcast sig nals at points 
in standard Broadcast band. 

Whistle or secon d station (s) 
hea rd on practically all car
rie rs. 

Whistles on a particular 
desired station disappearing 
or changing frequency at 
random. 

Seccnd station(s) appea ring 
in background when tuned to 
des ired station. 

Flutter, waver or growl, heard 
in background w hen tuned to 
desired station . 

Steady 10 kc. note or whistle. 

Unintelligible modulation 
super imposed on des ired sta
tion, having character of 
inverted s peech. 

CAUSE 

Strong Signal at a freque n cy 
tw ice I .F. above desired station. 

Second harmoni c of station. 
Comb ines with oscillator fun
damenta l forming a spurious 
I.F. 

Commercial s hore to s hip code 
s ignal having freqcency in 
l.F. range 1·eachi n g input .to 
l.F. system. 

Osc ill ator harmonics . combin
ing with SW s igna ls and pro
ducing the required I.F. 
Especially prevalent on loop 
receivers due to secondary 
of loop . 

Differences in frequency of 
two strong stations equal to 
I.F. of receivel'-the two sta
ti ons mix ing within the re
ceiver to form a constant 
spu rious I.F. 

Radiation of receiver hetero
dyne osc illator, due to oscil
latcr strength, unus ual coup l
ing, reso nant antenna, or 
transmission via power line. 

St rong in terfer ing station 
m odu lati ng car rier of des ired 
station with in a non-linear 
circuit or e le ment of t he 
receiver, or pick-up and de
tection taking place in the 
au<lio system. 

Second station assigned to 
same channel, but differing 
very s ligh t ly in carrier fre
quency. 

Adjacent channel carder beat
ing with carrier to wh ich 
receiver is tuned. 

S ide band of a djacent chan
nel over lapping- s ide band and 
ccmbinin g with carrier of 
desired st.c:'ltion. Also caused 
by h;umonic from over
'TlOdu lation of adjacent station . 

TYPE RECEIVER 
AFFECTED 

Superheterodyne only, 
(l) With limited number o( 

tuned circuits ahead of 
firs t detector. 

(2) With low impedance HF 
resonant antenna circuits. 

Superhete rodyne on \y. 
Selectiv ity does not affect. 

WHERE PREVALENT 

Locality strong- broadcast sta
tions near high en d o[ band. 
Vic ini ty lG!0-1750 kc . a nd 
l 700-2000 kc. 

Vic inity of station ope rati n g 
at tw ice T.F . 

Superhetercdyne only. Coastal areas neal' location of 
( 1) With limited selectivitty commerci a l s tations. 

ahead of l.F . input and 
relatively hig h l.F. gain. 

(2) With high impedance LF 
a nten n a system. 

Superheterodyne only. 
(I) With loop antenna. 
(2) Having cscillator rich in 

harJmonics . 

Rurally and whe re SW s ignals 
of proper frequency are in
tense. 

Super heterodyne only. Metropolitan areas ge neral ly. 
Having limited selectivity 
a head of first detector. 

Supel'hetcrcdyne only. 
( I ) Wi t hout good shi.Jlding. 
(2) Without RF stage. 

TRF a nd superheterodyne 
(!) Witht li mited or no se lec

tivity a head of .lst tube. 
(2) With exposed grid circu it' 

and wiring associated with 
ear ly tuned circuits. 

(3) With out Var-mu input 
valves. 

Receivers with high sensiti
vity and extended bass 
response. 

TRF and superh eterodyne . 
Esoecially those with limited 
selectiv ity a nd wide range of 
audio response. 

TRF a nd superheterodyne. 
Havin g wide band selectivity 
and audio response. 

Metropol itan al'eas generally. 

Meti-opolitan areas. Vicinity 
c [ very st1·ong stations. 

In areas remote from a 
usuable a!:iso rtment of strong 
stat ion s and whe1'ever s ignal~ 
from two stat. ions on same 
channel a1·c comparable in 
st1·ength. 

Local it ies w here adjacent 
chan nel station is strong 
compared lo desired s tation. 

Local ities where adjacent 
is strong. 

by extended 
response of 

channel s tation 

I 
A lsc aggravated 
high frequency 

I transmitter. 

SUGGESTED SERVICE 
REMEDIES 

(l) Wave t r ap tuned to inte r
fering- station. 

(2) Re-align LF. 

( 1) Wave frap tuned to stH-
ti on. 

(2) Wave t r ap tuned 0 sta-
ti o n 2nd harmonic 
mixer grid ci rcu it. 

(3) Re-align l.F. 

(I) LF. wave tra p. 
(2) R e-align I.F. 

in 

(3) Orient loop for minimum 
in terference. 

(.l) U se wave trap on inter-
fering station. 

(2) Orientation of loop. 
(3) Re-align loop circu it . 
( 4) Reduce osci llator coil 

exc itat ion. 

( 1 ) Check by track in g o( RF 
a nd a n tenna circuits. 

(2) Reduce s ize of effective
ness or antenna. 

(3) lnsta l wave trap and 
tu ne to fl'equency of one 
of interfering stations. 

(4) Shift I.F. 

( l ) Filter power line. 
(2) R educe Osc. grid leak. 
(3) S hif t l.F. 

(l) Wa ve trap in antenna 
tun<-""' to stat ion causing 
t rouble. 

(2) Filte1· power line. 
(3) Shield gri<! leads and 

wiring of first stages . 

( J ) Use directive or loop 
a ntenna. 

(2) Reduce bass response. 
(3) Hedu ce sensitivity of '::>et.. 

(1) Suppress adjacent stat.ion 
with s harply tuned wave 
trnp . 

(2) Re-align recei~er care
Cully. 

(3) Reduce high fre((uency 
response. 

(4) Use directive antenna. 

(1) 

(2) 

Accurately re-align rec-e iv
el' to make more selective. 
"Reduce hi$.!h frequen cy 
audio response. 

Chart compiled from R.C.A. T echn ical Data. 



A page of radio servicing hints and notes of prac

tical value to the radio serviceman and technician. 

All of us have, at some time or another 
been puzzled by the operation of a cer
tain circuit in a receiver awaiting repair. 
Consequently details of an obscure fault 
recently found in a superheterndyne re
ceiver should prove of interest. At the 
time the symptoms exhibited were 
inability to receive any stations and as 
the tuning condens.~r was rotated only 
weak heterodynes were heard. 

Adopting a standard. serv1cmg pro
cedure, the power supply was first checked 
since none of the other stages could 
operate properly if there was any trouble 
here. Standard testing methods with the 
usual meters will readily show up most 
of these tmubles in a few minutes. 

The next logical step is to inspect the 
audio system. Whilst again meters can 
be used to determine the vol tages and cur
reiit drains on the various valves, a com
plication present itself. The valves may 
be receiving their proper voltages, but 
what about the audio signal circuits? 

To check these we must first introduce 
the first intangible an a-f signal. This 
may be done in many ways but probably 
the simplest method is to place the finger 
on the control grid of the a-f valves. This 
will usually produce a satisfying "buzz" 
in the speaker indicating the audio stages 
are operating properly. Next to examine 
is the second detector. 

Diode Voltage. 

This is the usual diode de ector circuit, 
lihe operation of which may be compared 
to the high voltage rectifier checked in 
the power supply. Although not a full 
wave rectifier, it still presents a similar 
circuit. A transformer feeds a diode, a 
d-c voltage is developed for the A VC line, 
an a-c or a-f voltage feeds the audio sys
tem, and any r-f is bypassed in the filter 
circuit. 

Although there is nothing muyh here 
for the meters to check the voltmeter was 
placed across the diode load. The reading 
was 68 volts! Where did that come from? 
Possib il ities of a shorted duo-diode-triode 
or possibly p late voltage coming through 
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from the i-f transformer of the previou:; 
stage are considered, but rejected as the 
meter shows a negative voltage. 

Normal action of the diode provides 
such a voltage for AVC use, but at much 
lower values. A very high signal input 
could cause this voltage, but once again 
this was ruled out as being unlikely. 

As a check the set was tuned in-no 
stations could be received, but instead 
a few weak heterodynes were coming 
through. This sounded like oscillation in 
ither the r-f or i-f stages of the .receiver. 

And it was. A powerful oscillation in the 
i-f stage preceding the diode was being 
fed into the diode circuit producing the 
abnormal voltage across the diode load re
sistor. 

Potential Souce of Oscillation. 

As a potential oscillator the · i-f stage 
contains all but one of the essential ele
ments. The tuned grid and tuned plate 
circuits only require grid to plate capaci
tance in the tube for feedback to produce 
oscillation. This is normally prevented 
by the screen grid when it is properly by
passed, but if the screen condenser' open
circuits the stage will oscillate causing the 
trouble mentioned. 

Not all oscillation in the i-f stage will 
cause the relatively high voltage at the 
diode load. Quite often the stage will 

"only oscillate weakly allowing the received 
station to come th:rough with fair volume 
but with a heterodyne whistle at each 
side of the carrier. 

In this case the actual part causing 
the condition may be an open bypass 
condenser in the screen, cathode, grid re-

If the i-f stage oscillates, the diode will rec
tify the r-f current, and produce a high n ega
t ive voltage across t he diode load resistor. 

turn or plate circuit. In some sets the 
open cathode condenser may not cause 
an oscillating condition, but rather a loss 
of volume due to the small amount of 
degeneration in the unbypassed cathode. 

Small Transmitter. · 

The relatively powerful oscillation that 
shows up ,,., the diode load resistor is 
most often found in straight a-c receivers 
where the plate voltage is much higher. 
Here the oscillation may occur at a fre
quency determi ned by the grid and plate 
i-f tuned circuits, roughly the i-f fre 
quency. or the frequency may be deter
mined by the constants in that portion of 
the plate ' power supply, that now· be
comes part of the tube's plate circuit. In 
this instance the grid circuit will prob
ably resonate through the grid. return 
filter resistors and condensers in the AVG 
line. Variable with each receiver, this 
would probably take place at a rather low 
frequency. 

Occasionally a set is found with an 
oscillating i-f stage that will nol respond 
to the "substitution" treatment outlined . 
When this occurs, it m'ay be found thar 
a slight detuning of one of the trimmei
condensers of the i-f stage will eliminate 
the oscillation and allow nearly normal 
operation. 

Decrease I.F Coupling. 

This trouble has been most often en
countered in receivers that employ a high 
gain i-f stage that is operating .rather close 
to the point of oscillation. As a remedy 
some technicians decrease the coupling of 
one of the i-f transformers by moving the 
windings further apart. This may not 
be practical in some cases and an easier 
method would be to slightly increase the 
value of the cathode resistor. 

In this case it is assumed that variable 
operating conditions in the field have 
caused the oscillation and that it is not 
due to a breakdown in the set. If the 
lowest voltage section of the voltage 
divider opens a somewhat similar action 
may take p lace due to the increased ter
minal voltages to the tube. 
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UJJ. :J :Jechni£tued 
By 

HARRY N. EDWARDES, B.Sc., B.E. 

The Klystron, described in this article is a centimetre wave 
generator employing the principle of velocity modulation. It 
is the only tube practicable for low power continuous 

The Klystron is a centimetre wave 
generator employing the principle of 
velocity modulation. Velocity modula
tion generators date from 1935, when 
A. Arseniewa-Heil and 0. Heil described 
"a novel method of generating short, 
continuous electromagnetic waves of high 
intensity" in a German journal of Phys!cs. 

R. H. and S. F. Varian in the U.S.A., 
however, are credited with the inven
tion of the Klystron in which they com
bined the principle of velocity modula
tion with resonant cavities to produce 

. centimetre oscillations. The ttame Kly
stron was derived from a Greek word 
klyzo meaning the "breaking of waves on 
a beach". 

Fig. 1.-This diagram indicates the general 
construction of a Klystron. 

The Sperry Gyroscope Co. manufactured 
tubes based on the Klystron principle. 

A later development was the Reflex 
Klystron, in which a single resonant cavity 
was used in place of the two cavities 
of the original klystron. These reflex 
oscillators h ave been produced in large 
quantilies in · England, U.S.A., Canada 
and Australia and were used extensively 
as local oscillators for microwave radar 
systems. 
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operation above 3000 Mc. 

Reflex klystrons have also been used 
in microwave test equipment as sources 
for signal generators, spectrum analysers 
and test oscillators for impedance and 
aerial pattern measurements. 

The modern magnetron is capable of 
supplying high pulsed powers, but the 
klystron is the only tube practicable for 
low power continuous wave operation 
above 3,000 Mc/ s for the above applica
tions. Further uses for klystrons lie in 
the field of communication and radio 
relaying and present day developments 
are towards the production of higher 
power klystrons for this purpose. There 
will doubtless be other applications of 
microwave ,techniques requiring either 
high power klystrons or c.w. magnetrons. 

Description of the 
Klystron Tube. 

The construction of the klystron as de
veloped by the Varian Brothers is illus
trated in Figure 1. This diagram repre
sents a· section . through the axis of the 
tube. 

At one end there is an indirectly 
heated cathode which acts as a source 
of electrons. Between this cathode and 
the anode at the other end of the tube 
there are five grids through which the 
electron stream passes. The first grid 
G1 is termed the accelerating grid and 
is maintained at a high D.C. potential 
relative to the cathode. The other four 
grids permit the electrons to pass through 
two toroidal or doughnut-shaped cavities 
which act as U.H .. F. tuned circu"its. 

J 
PART 4. } 

~~-T~H~E-K~L Y~S_T_R~O~N-~~t 
The cavity grids are all a t the same 

D .C. potential, but serve as a link in 
the interchange of radio frequency energy 
between the resonators and the electron 
stream. 

The anode or collector is at the same 

Fig. 2.-Development of a cavity resonator. 

potential as the cathode and removes 
electrons after they have completed their 
tasks with the grids. 

Cavity Resonators. 

In order to understand the operation 
of the klystron, some consideration of 
the properties of cavity resonators is 
necessary. 

Although Lord Raleigh first described 
resonant cavities in 1897, they have been 
used in only recent years. As mentioned 
in previous articles, cavity resonators have 
been applied as tuned circuits in U.H.F. 
triode oscillators and magnetrons. 

A mathematical analysis of different 
shapes of cavities was carried out by Dr. 

CATMOOE 

BUNCl-IER 

DRll=T 

SPA.CE 

MIOOE 

::-;-:-:-:r ~~-=-=-rr · ....... · ...... . 

T IME. --. 

Fig. 3.-The "bunching" action of the elec
trons passing through the valve. 
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Fig. 4.-A Sperry type 410 R/2K30 Klystron. 
The fine tuning knob is on the left, whilst 
the cooling fins, co-axial output connectors 

and feedback loop are also visible. 

Hensen in the U.S.A. and the Varian 
Bros. made use of his results in their 
klystron development. They called these 
practically closed metal vessel rhumba
trons, from the Greek rhumba meaning 
rhythmic oscillation, the termination tron 
denoting the place where such oscilla
tions occur. 

The toroidal cavity resonator can be 
considered as being developed from a 
coil and condenser circuit as indicated 
in Figure 2. The lumped circuit theory 
cannot be appliecl strictly in this case, 
however, since the dimensions are of the 
same order of magnitude as the wave
length. The concept thus serves purely 
as an analogy. · 

Instead of the conventional quantities of 
self inductance capacity and resistance 
which are used for lumped circuits, the 
concepts of "Q", frequency and shunt 
impedance are employed in the theory 
of rhumbatrons. 

It is possible to obtain values of "as 
high as 50,000" with cavities, although 
those used in klystrons have Q's of about 
1,000. Cavities are practicable only in 
the microwave band because the size 
increases with wavelength. 

Main Advantages. 

As well as having high Q's cavity re
sonators incorporate other desirable 
features. There are no leads or thin 
wires to cause losses. No dielectric is 
required so that dielectric lbsses are eli
minated. Radiation is impossible because 
of the totally enclosed self-shielding 
nature of cavity resonators. 

Resonant cavities may be of any shape; 
the spherical form has the highest Q, 
while cylindrical cavities are most con
venient for magnetrons. However, the re
entrant toroidal cavity was used in the 
klystron for the following reason. 

If a cavity is resonating and electrons 
are passed through the cavity in the 
direction of the field where it is strong
est, these electrons are ·accelerated and 
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extract energy from the cavity. Con
versely electrons passing through against 
the field are decelerated and deliver 
energy to the cavity or excite it. 

For efficient exchange of energy the 
electrons must pass through the cavity 
before the field changes in polarity. If 
a resonating spherical cavity were used, 
for example, theory has shown that the 
electrons could not get through before the 
field reversed, even if they travelled at 
the speed of light. 

In order to provide a much shorter path 
for the electrons passing through a cavity 
a re-entrant shape of the type depicted 
in Figure 2d, Q, is necessary. This shape 
gives rise to a very strong field between 
the two surfaces G, G, as shown in Figure 
2d. This field is in a direction at right 
angles to these surfaces, and it is in this 
direction that the electrons move in the 
klystron. For the electrons to pass 
through the cavity the G, G, must be 
perforated or made in the form of grids, 
as indicated in Figure 2e. The spacing 
between these grids must be such that 
the electrons will pass across the gap in 
less than half a cycle. 

Klystron Operation. 

The cathode assembly or electron gun 
as it is usually termed, supplies a beam 
of electrons which is speeded up by the 
first accelerating grid G,. This tech
nique is employed in cathode ray tubes. 

Assume now that the first rhumbatron 
is resonating so that a high frequency 
field exists between its grids. Electrons 
passing through the cavity at different 
times in the alternating cycle will be 
speeded up or slowed down to varying 
degrees from their mean speed. As a 
result, electrons leaving G3 at different 
times through the cycle will have dif
ferent speeds. 

These electrons which were speeded up 

1'UNING 
PLUNGER 

Fig. 5.-A sectional drawing of the CV3li. 

Fig. 6.-A Sperry type SRC 8 High Power 
Reflex Klystron. 

move closer to those which were slowed 
down as they move along the drift space 
after G3 • As a result the electrons be
come arranged in groups or bunches and 
the first rhumbatron is called the 
buncher. 

This bunching action of the electrons 
is illustrated in Figure 3. Each vertical 
row of dots in this diagram represents 
the positions occupied by electrons at dif
ferent instants of time throughout the 
cycle. The differing speeds of electrons 
which passed through the buncher at 
different times are indicated by the dif
ferent slopes of lines drawn through dots 
representing the same electrons. 

The length of the drift space is such 
that the bunching effect is most marked 
at the grids G, and Gs of the second 
rhumbatron. The. density of electrons 
between G, and Gs varies .at the same 
frequency as the bunching. In other 
words, the electron stream is intensity 
modulated at the second rhumbatron as 
a result of velocity modulation at the 
buncher. 

The "Catcher." 
This stream of electrons of varying 

density produces an oscillating field across 
the second cavity and causes it to reson
ate if it is tuned to approximately the 
frequency of the intensity modulation. 
Thus the second cavity is able to extract 
energy from the electrons and for this 
reason is termed the catcher. 

If the energy extracted is greater than 
that necessary for the bunching opera
tion, the extra radio frequency energy 
comes from the D.C. energy which ac
celerated the electrons initially. This is 
the case in the klystron because the energy 
required to organise the electrons into 
bunches is much less than that available 
from them by virtue of this organisa
tion in bunches. The klystron therefore 
functions as an amplifier. 

If some of the energy from the catcher 
is fed back to the buncher in the correct 
phase, self-sustained oscillations may be 
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factors which prevent this being realised 
in practice are de-bunching, secondary 
electrons and resonator losses. Also it is 
possible in practice to coRvert into elec
tron enerSo/ in the beam only about 70 
per cent. of the D.C. energy supplied 
from the accelerating voltage. The ex
citation or feedback in an oscillator also 
ca uses losses. 

Losses in the resonators are minimised 
by using low resistivity m;:1terial such as 
copper or even silver or gold-plated 
metal. 

Tuning of Klystrons 

Fig. 7.-A representative group of Klystrons. 

The Varian Brothers in their experi
mental klystron found it necessary to 
adjust the two cavities to the same fre
quency by mechanical deformation. In 
the tubes produced by Sperry adjust
ments were provided on the two cavities 
in order to obtain equal resonant fre
quencies as well as to permit tuning over 
a range of frequency. Portions of the 
cavities were made in the form of cor
rugated diaphragms. Two sets of screws 
were provided for adjustment of the 
inclivicluaJ cavities and coarse tuning, 
while a single vernier screw deforming 
both cavities equally supplied a fine 
tuning control. The resonant frequeacy 
of the cavities is varied by virtue of the 
change in capacity across the gaps of the 
rhumbatrons. produced as in the case of a triode feed

back amplified. Coupling loops in the 
two cavities connected by a co-axial line 
as indicated in Figure 1 serve as a feed
back circuit. Control of the phasing is 
possible by varying the potential between 
{be accelerating grid and cathode. This 
varies the mean speed of the electrons. 
.R.F. output may be obtained from the 
catcher by means of a coupling loop and 
co-axial line. 

The Midget Three 
Gang Variable Con
denser reviewed in 

·" Aroµnd the Indus
try," RADIO SCl
·ENCE May issue. 

After delivering their energy to the 
catcher the electrons move on to the anode 
or collector. Since they are not all 
brought to rest or to a very low velocity 
their remaining energy is converted into 
heat in the anode. Klystrons are fitted 
with radiating fins to dissipate this heat. 

Calculations made by Webster showed 
that the ideal efficiency of a Klystron 
amplifier was 58 per cent., assuming per
fect grids and other parts_ Among the 

Limits are set to the frequency range 
available by this method of tuning. 
Firstly, if the spacing is too great the 
condition that electrons must traverse 
the gap between grids in less than half 
a cycle is not fulfilled. Secondly, if the 
spacing is too small the klystron will not 
operate due to the decrease in shunt 
impedance or alternatively the tuning 

(Continued on page 46.) 

ROBLAN COMPONENTS 
Now available to YOU everywhere are 
ROBLAN midget two and three gang 
variable condensers, which are of higher 
quality and lower price than any other 

manufactured in Australia. 

* 9-370 mfd -+- 2%. 
*High Q - admirably suited for broadcast and S.W. 

equipment. 
* Ball bearings ensure long service life. 
* Insulation of highest grade imported British bakelite. * Tracks with standard H type dials. 
* Lowest priced 3 gong on the market. 

Manufactured by ROBERTSON & LAWSLEY PTY. L T.D. 
LEICHHARDT, N.S.W. 

Trade Enquiries to ELE'CTRONIC INDUSTRIES 

Please Mention RADIO SCIENCE when Replying to Advertisements. 
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SERVICE SBEET 

A.W.A. 

RADIOLA MODELS 

614-T 

ELECTRICAL SPECIFICATIONS 

FREQUENCY RANGES: 
( l ) 1600-540 Kc/s. 

(2) 4- 1.5 Mc. 

(3) 10-3.7 Mc. 

(4) 15-9.5Mc. 

(5J 23-14.7 Mc. 

INTERMEDIATE FREQUENCY: 455 Kc. 
POWER SUPPLY: 

200-260 volts, 50-60 cps. 

.. , 

i-~s 
uul' co I 

~- \ • "''(W(O •~O .. 

!.PIH0ll l,_C. A,.0 ... to HOl ... t 

•Hfl · ClOC•WtU (~"'O) 

40<> 
C9 CIO C1 1 
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t.J'8(. 

VALVES: 
Converter 6J8G 
IF Amplifier 6SK7GT 
Det. AVC and 6SQ7GT AF Amplifier 
Power Output 6V6GT 
Rectifier 5Y3GT 

LOUDSPEAKER: 
7 inch, 1500 ohm FC, V Coil 
Impedance, 3 ohms. 
12 inch, 1500 ohm FC, V Cail 
Impedance, 2.2 ohms 

POWER OUTPUT: 4.5 watts 

6SK7GT 

' n : RMINAL 

711-C 
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ALIGNMENT PROCEDURE 
When using a signal generator or modulated oscillator with the tuning of the 

receiver fixed, two frequencies can be tuned from the test instrument, one 0.92 Mc/s 
higher in frequency than the other. In all cases· the desired frequency is the lower 
of the two. 

For all alignment purposes connect the ' ~ low" side of the signal generator to! 
the receiver chassis. 

Perform alignment in the proper ord.er as shown in the chart, starting from 
No. 1 and following all operations across, then No. 2 etc. 

Keep the volume control in the maximum clockwise position and regulate the 
output of the test instrument so that a minimum signal is introduced to the: 
receiver to give a standard indication on the output meter. This will avoid AVC 
action and overloading. 

When the receiver has been satisfactorily aligned, seal the adjusting scr,ews 
with a small quantity of. cellulose cement. 

AHgn· 
ment 

Order. 

10 

II 

I] 

13 

14 

15 

10 

Test Inst. 
Connect to 

Receiver. 

6JBG ¢~p. • 
bJBG Cap.• 
bJBG C a p.* 

6JaG1 Cdp.• 

A c: ri4I 

A c rio l 

Aorial 

Ac rio.l

Ac rial 

Acr iul 

Aerie l 

A&rial 

Ac,;.:11 

Ac riot 

Acr iu l 

rroquency 
Settin g. 

4SS Kc/s 

<55 Kc/s 

'455 Kc/s 

455 Kc/~ 

~no Keh 
1500 Keh 

1500 Kc:/ s 

l .b Mc/s 

3.b M c/s 

J.b M eis 

4.0 Meis 

9.5 Meis 

9.7 Mc/s 

14.0 ~els 

14.0 Meis 

15.0 Meis 

Recheck 8- 16. 

ALIGNMENT TABLE. 

Band 
Sti ttinq. 

Sroa dcfl st 

Broddcast 

Broad ca st 

ll ro.idcd st 

l 
Calibrafon 

Scale 
Sc tti"ng . 

O" 

O" 

o" 
o" 

Recheck I , 2. 3 a nd 4. 

Broadcost. 70° 

87oodc:.!lst I 55 ° 
B roudco~ I 155" 

Recheck 5. b. 7. 

1.1.s Meis 

4-1.S Mc/s 

4. 1.s Mc/s 

10-J.7 Mc/s 

10-3.7 Meis 

15-9.5 Mcb 

15-9.5 Meis 

JS-9.5 Mc/s 

23 - 14.7 Mc/s 

16° 

1-47° 

14 7° 

18 ° 

160 ° 

2 1° 

153° 

15) 0 

19 ° 

Circuit to 
~d j ust. l Adjustment 

Symbol. 

2nd l.f. Transforme r Core l20 

2nd 1.F. Transformer Core l19 

Isl 1.F. Transformer Core LIS 

1st 1.F. Transformer Core ll7 

Osc i11a tor1 

O scillei to r 

Aer ial 

O scillalort 

Oscillator 

Ao rial 

Osc illa lort 

Osc illator 

Osc illator 

Osci llator 

Aerial 

Oscillator 

Core LIS 

Cl7 

Cl 

Coro LI) 

C14 

C2 

C ore LI I 

c1i 

C o re L9 

CB 

Cl 
C ore L7 

A com pro mise in ad just ments between 13. 1-4, IS and lb 
may be made fo r best res ul ts on bo th bands. 

Adj us t to 
Obta in . 

Ma x. Peo ~ 

Mox, Peak 

Ma x. PcC»k I 

Ma• . Pea ~ 

tAd x, Pea~ 

Calib ra t io n 

Max. Peak 

Max. Pea k ~f'; 

Cali bra t ion 

Max . Peak 

M <u. Pea k 

Calibra ti o n 

Calib ra t ion 

C alibration 

Men. Pe ak 

Calibration 

" W it h G rid Ct ip connected. A 0.00 1 uF capacito r shou ld be co nnected in series with lhe "High" side of the test in strumen t. 

t Rod the t l!ni ng control back a nd forth through tho signal. 

The colum n head e d "Calibration Scale Setti ng" refers to tho 180° scole on the g11nged tuning capo citor d rum drivo . 
Chc d th e setting o f the d rum before ta king rc.Jding s. The zero mark should be opposite the poi nter wi th lh o tunin g 
ca pacitor fully dosed. 

SOCKET VOLT AGES 

Control Grid Cathode to Screen Grid Plate to 
Chassis 
Volts 

Valves 

6J8G Converter 

Oscillator 

to Chassis 
Volts 

-2.6 

6SK7GT IF Amplifier -2.6 

6SQ7GT Detector, A VC 

and AF Amplifier 0 

6V6GT Power Output 0 

Chassis 
Volts 

0 

. 0 

0 

12.5 

to Chassis 
Volts 

85 

85 

260 

260 

150 

260 

100* 

240 

5YSGT Rectifier 770/ 385 volts, 70 mA Total current. 

Plate 
Current 

mA. 

1.3 

5.0 

6.5 

0.6 

45 

Heater 
Volts 

6.3 

6,3 

6.3 

6.3 

Measurements taken with the receiver connected to 240 volts AC supply. Range switch at 

"Broadcast" and no signal input. Volume control maximum clockwise. Voltmeter, 1000 

ohms per volt; measurement taken on highest scale giving accurate readable deflection. 

*This reading may vary, depending on the resistance of the voltmeter used. 
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TUNING DRIVE CORD 
REPLACEMENT 

Jhe accompanying diagram shows the 
route of the cord and the method of 
attachment. Whilst fitting the cord, 
keep it taut and adjust the length so 
that the tension spring measures ap
proximately 2" long when fitted. The 
spring should be sheathed to prevent it 
rattling against the drum. 

FRO NT VI EW OF DRI VE 

SERVICE WINDOW 
A "Service Window" is provided in 

the base of the table model cabinet. 
The window is covered by a perforated 
gr ille fastened by four knurled nuts. 
With the grille removed, it is possible 
to perform most service operations with
out removing the chassis from the cabi
net. 

D.C. RESISTANCE OF 
WINDINGS 

Winding D.C. ,Resistance 
in ohms 

Aerial Coils
Primary (Ll) 
Secondary (L2) 
Primary (L3) 
Secondary (L4) 
Primary (L5) 
Secondary (L6) 

Oscillator Ooils
Primary (L7) 
Secondary (LS) 
Primary (L9) 
Secondary (L10) 
Primary (L11) 
Secondary (L12) 
Primary (L13) 
Secondary (L14) 
Primary (L15) 
Secondary (L16) 

I.F. Transformer Windings 
Power Transformer T2-

Primary 
Secondary 

Loudspeaker Input 
Transformer

Primary, XAI 
Secondary; XAI 
Primary, TX20 
Secondary, TX20 

18 
4 
3.5 
2 
2.5 

.5 

.5 

* .6 

* .6 

* 
.6 

1.6 
1.75 
7 
8 

16 
520 

600 

* 420 

* 
Substitution of materials during 
manufacture may cause variations, and 
it should not be assumed that a com
ponent is faulty if a slightly different 
reading is obtained. 
*Less than 1 ohm. 
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A.W.A. MAGNETIC PICKUP AVAILABLE 
The A.W.A. studio pickup E52211, is 

an Australian made general purpose unit 
primarily intended for playing standard 
commercial recordings. 

In designing this pick-up it was con
sidered two features were essential, name
ly, the use of standard 5/8-inch phono
graph needles, and the provision of a 
needle screw of sufficient diameter and 
size to be easily manipulated. The mag
netic system is based upon the so-called 
"constant flux" balanced moving iron 
armature principle. 

Although such an arrangement is usu
ally characterised by somewhat higher dis
tortion and lower needle compliance than 
is the case in moving coil types, these 
disadvantages were considered to be only 
partly inherent, and such is apparently 
the case since they have been largely over
come in the E5221 l. 

The result of this design is shown by 
the nature of the frequency response. The 
characteristic is smooth throughout the 
range, the practical upper limit may be 
taken as being 7,000 cps and the overall 
distortion figure is extremely low. The 
average weight for tracking is 1.5 to 2 ozs., 
and this is adjustable by means of a ten
sion spring screw located at the rear of 
the pick-up arm. 

The complete unit is attractively fin
ished in fine black crackle and satin finish· 
chrome, and has a standard output im
pedance of 200 ohms. 

Full technical details as well ·as response 
curves for this unit are now available 
from Amalgamated Wireless (A/sia.) Ltd., 
York Street, Sydney, and all enquiries 
should be forwarded direct to this address. 

The A.W.A. E52211 Pickup. 

IMPROVED ROLA SPEAKER 
A noticeable improvement in small 

speaker design has been effected by the 
Rola Co. with the introduction of their 
new 6-inch model-the Rola 6K. 

This is fitted with a field magnet which 
is somewhat larger than that used on its 

The Rola 6K Speaker. 
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predecessor-the 6H and is made of the 
well-known anistropic Alnico. This larger 
magnet produces a greatly increased mag
netic flux across the air gap and achieves 
a power sensitivity of 3 db greater than 
the 6H. In actual tests the additional 3 
db produced a signal which actually 
sounded almost twice as loud as that of 
the 6¥. 

The speaker can handle up to 6 watts 
input and has a fundamental diaphragm 
resonance of 110-120 cps. The greater 
sensitivity and improved transient re
sponse makes this speaker particularly 
suitable for the smaller battery and vibra
tor powered receivers where these im
proved characteristics show up to an ad· 
vantage. 

Supplies are now available from most 
radio retailers throt!ghou t all States, and 
the speaker can be purcqased either with 
or without the requisite speaker trans
former. 

MIDGET POWER 
TRANSFORMER 

The latest addi-· 
tion to the FN 
range of miniature 
components is a 
new power trans
former, measuring 
only 2!in. x 2,!in. x 
2~in. It has been 
designed for either 
vertical or horizon
tal mounting, the latter use necessitating 
the removal of the two flanges required 
for vertical mounting. 

The main specifications are: 
Primary: 240 v AC 50 cps. 
Sec. 1.: 150/ 150 v 30 ma. 
Sec. 2.: 6.3 v 2 amp. 

Supplies are now available from the FN 
Radio and Electronic Co., Cremorne, 
N.S.W. 

NEW M.P.S. PRODUCTS 
The recent introduction of a slow mo

tion drive particularly suitable for use 
with radio or test equipment should in
terest all radio experimenters. The dial, 
which is an MSP product, features a direct 
drive on one section witQ. a 55 to 1 ratio 
vernier on the other, and is fitted with 
a heavy celluloid pointer. Dial cards can 
be easily made allowing calibrations to be 
carried out according to personal require
ments. 

Another MSP product now available to 
the general trade is a series of small 
rotary switches. These are made in vari
ous combinations, the ones illustrated 
being: 1 pole 2 positions, 1 pole 3 posi
tions, and 2 pole 3 positions, and are very 
useful tor special switching operations 
where the larger type unit would be out 
of place. 

Further particulars can be obtained on 
application to Manufacturers Special Pro
ducts Pty. Ltd., 47 York Street, Sydney. 
samples made available by U.R.D. Pty. 
Ltd., Phillip Street, Sydney. 
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B.R.S. HOME RECORDING UNIT 
From the Birnbach Radio Co. comes 

details of their disc recording and play· 
back unit-BRS model Rl2. This all 
Australian model is capable of excellent 
recording and reproduction and may be 
used in conjunction with any amplifier 
or high gfade radio capable of an output 
of It watts. 

The fully enclosed traversing mechan
ism is operated by worm and quadrant 
gears making it impossible for this to be
come out of adjustment. In addition to 
recording for immediate playback on 
acetate base discs up to 12 inches, it is 
also a high quality pick-up unit. 

The cutting arm is counter balanced by 

an adjustable spring whilst the cutting 
head is a moving iron type performing 
the dual function of recording and play
ing back and this has a good response 
up to 6,000 cps. 

Further enqi,iiries should be forwarded 
direct to the manufacturers representa
tives: A. E. Harrold, Brisbane, Birnbach 
Co. Pty. Ltd., Sydney. Byer Industries 
Pty. Ltd., Melbourne. L. S. Wise & Co., 
Adelaide. 

MULLARD LSD-3 FLASH TUBE 

Of special interest is the recent intro
duction of the Mullard Flash Tube type 
. LSD-3. This is a three elettrode gas dis
charge tube designed to provide light 
flashes of 100 to 200 micro-seconds dura
tion making it admirably suitable for nor
mal high speed press or studio photo
graphy. 

The gas has a pure Zenon gas filling 
and will give satisfactory results with 
operating voltages as high as 2,700 volts. 
The minimum operating voltage is 1,000 
volts. The oscillatory trigger voltage re
quired is 1,500 volts and this can be ob
tained from a suitable spark coil. The 
maximum energy discharge is 100 joules. 

Technical data is now available on 
request from Mullard-Australia Pty Ltd., 
Clarence St., Sydney. 

SOBBJf 

Q PLUS MIDGET COi.LS 

As the result of the erection of a ne" 
factory by R. W. Steane and Co. Pty. Ltd .. 
and the consequent increase in produc
tion, all 'Q Plus' midget coils and IF 
transformers are now readily available . 

The Aerial and RF coils illustrated 
here, the oscillator coil( scheduled for 
early release) and the companion product 
-midget IF transformers are all intended 
for use in receivers where high sensitivity 
and compactness are required. 

The overall size of these units is some
what smaller than that of the new minia
ture series of valves, and are fitted with 
a single hole mounting on the base. They 
are all slug tuned and intended to cover 
the stan~ard broadcast band with 455 kc. 
IF trans'Eormers. 

Further enquiries should be directed to 
the manufacturers, Messrs. R. W. Steane 
& Co. Pty. Ltd., Auburn Victoria. 

OWING TO STOCKTAKING AND REMOVAL TO A NEW 
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STORE', WE ARE UNABLE TO OFFE'R OUR CLIENTS ANY 

DISPOSAL GOODS TH IS MONTH. 

Walch . Oal for rurlber Releases 
Meanwhile, by arrangement with the proprietors, a large variety 

of Disposal Goods are available at 

No. 5 ROYAL ARCADE, SYDNEY 

PARAGON BllDIO 
Please Mention RADIO SCIENCE when Replying to Adverti.;ements. 
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TRANS-TASMAN 
By J. R • . FOX DIARY 

N.Z. Mobile Recording Unit 
The New Zealand Broadcasting Sei:

vice's Mobile Recording Unit is prob
ably the most unique of its kind in the 
Southern Hemisphere, if not in the world. 
Using an ex-Royal New Zealand Air 
Forse checkers van, the mobile unit has 
been converted into an up-to-date record
ing unit. The reconstruction took place 
at the technical workshops of the N .z. 
B.S. in Wellington, where the greater 
part of the equipment also has been 
manufactured. 

The truck being used on an actuality outdoor 
broadcast. Lloyd Photo . 

Unusual Broadcasts. 
Commencing its operation in Septem· 

ber, 1946, the unit has travelled over 
a wide area which includes Wairarapa, 
Hamilton, Thamas Valley, Taranaki and 
most recently was at Dunedin during the 
Centennial Celebrations of that city. 

The main purpose of th~ Mobile Re· 
cording Unit is to gather material for 
programmes where there are no radio 
stations located, and many interesting 
broadcasts have been recorded by the 
unit. Perhaps one of the most unusual 
was at Coromandel, when a recording 
was required and the relay lines would 
not reach to the point of the broadcast. 
However, this difficulty was overcome by 
using an ex-army ZCl transceiver from 
the broadcast spot to the recording van. 
In another instance, when collecting 
material for a broadcast from the Waihi 
coal mines, over 2,000 feet o[ cable was 
fed down the mine shaft. 

Hydraulic Jacks. 
For recording the van is placed on a 

level footing by four hydraulic jacks 
which are operated from the driver's seat. 
Spirit levels installed on the dashboard 
give the true level of the vehicle, which 
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takes an average of two to three minutes 
to be placed in position. 

At the rear of the van is a large com
partment which houses the relay· and 
power cables. The relay lines are on six 
drums and can be run out to a distance 
of 3,000 feet . A trailer, with generating 
plant, can be attached if required . 

In this new regular monthly 
feature our correspondent will re
port news of radio activities in 
New Zealand. It will contain 
items of interest to both the New 
Zealand and Australian reader 
and is a feature which should 
prove very popular. 

New Zealand readers are in
vited to contribute any items con
cerning radio, broadcasting, DX
ing and amateur radio activities 
for inclusion in this section. All 
letters should be forwarded direct 
to: Mr. J. F. FOX, 4,1 Bird Street, 
St. Kilda, Dunedin, S.2. N.Z. 

Recording Machines. 
Each cable comes into a two stage pre

amplifier, thence to a mixing panel which 
fee<ls the recording amplifiers and moni
tor. The recording amplifier is of the 
push pull type operating under class A 
conditions and giving 20 watts output. 

The two recording machines which en
able continuous recordings to be made 
run "at 33.7 or 78.95 revolutions a minute. 
They can be adjusted to . cut the acetate 
discs at 104 grooves to the inch , taking 
up to 15 minutes, 112 grooves-16 min -

A close·Up of one of the recording units. 
Note the holes around the turntable edge 
which form the built-in stroboscope used for 

checking the speed of the machine. 
Lloyd Photo. 

utes, 120 grooves-17 minutes and 128 
grooveS--19 minutes. Each cutting 
machine is provided !with a built-in 
stroboscope, which is formed by two 
complete circles of holes cut around the 
edge of the turntable. When viewed 
under a 50 cycle light the 'holes appear 
to be stationary, thus allowing the sr.eed 
of the machines to be accurately checked 
and maintained. 

The ·fine precision work involved in 
the making of these recording machines 
is indeed a credit to the technical staff 
of the N .Z.B.S., and proves that in New 
Zealand we have the men ;and facilities 
for turning out first class radio equip
ment. 

2LT SPECIAL N.Z. BROADCAST 

Advice has been received from the man· 
agement of Station ·2LT, Lithgow, New 
South Wales, that they wil broadcast a 
special programme dedicated to New Zea
land DXers. Subject to the P.M.G.'s ap

' proval, the transmission will be heard on · 
Sunday mor.ning, July 4th, from 12.30 to 
1.0 a.m. New Zealand time (10.30 to 11 
p.m. AEST, July 3rd). 

DXers are requested to listen for this 
special broadcast and send in a report 
to the station, whose address is: Lithgow 
Broadcasters Pty. Ltd., P.O. Box 21 , Lith
gow, New South Wales. 

Station 2L T transmits on l 080 kilocycles 
with a power of 100 watts. 

Radio Directory. 
Of ;great interest to all DX'ers is the 

i·ecently received sample copy of the first 
edition of the "World-Radio Handbook 
for Listeners." This is published and 
edited by Mr. 0. Lund Johansen, of 
Copenhagen, Denmark. ' 

Mr. Johansen is to be congratulated on 
compiling the handbook, which contains 
information that no DX listener should 
be without. Station addresses, call signs, 
frequencies , powers, slogans, announce
ments, programme highlights, interval 
signals, names of leading personalities of 
each station and a broadcast and short
wave log are a few of the highlights 
of this outstanding booklet. 

Readers interested in obtaining a copy 
of this publication should write to the 
Australasian agent, Mr. Arthur T . Cushen, 
212 Earn St., Invercargill, New Zealand. 
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ON THE BROADCAST BAND 
HAWAIIANS PROVIDE' EXCE'LLENT SIGNALS 

From many parts of the Commonwealth and New Zealand 
reports have been received at our listening post regarding 
the excellent signals now being heard from stations located 

in the Hawaiian Islands. 
Around 2 a.m. (EST) appears the best 

time to listen for these stations when 
they may be heard presenting their early
morning programmes. It should be re
membered when reporting reception of 
these transmitters that, al though Hawaii 
is not such a great distance from our 
country, the appearance of the inter
national date line between Australia and 
Hawaii results in a time difference of some 
20 hours; thus, 2 a.m. in Eastern Australia 
corresponds to 6 a.m. (previous day) in 
Hawaii. 

Many listeners may be surprised at hear
ing the Japanese language used from some 
Hawaiian stations, but the number of 
Japanese employed in these islands is 
apparently great enough to warrant the 
inclusion of radio programmes in their 
tongue. Generally, however, programmes 
from Hawaii are of the American type, 
with swing and hillbilly music being 
featured, and, strangely enough, very little 
island music has been heard. 

KMVI 550kc Wailuku is heard fairly 
well around 2 a.m., this being one of 
the several stations in this group reported 
by Mr. Moore, of Brisbane. 

KGMB 590kc, Honolulu, an old-timer, 
uses Japanese around 2 a.m., and must 
not be mistaken for the Tokyo Station 
JOAK, operating also on the same fre-

quency, and which has usually closed 
down by this time. KGMB is heard also 
at some locations around 7 p .m., with its 
late-night programme, this time in the 
English language. 

KPOA, 630kc, Honolulu , one of the best 
signals in this group, is heard with pro· 
gramif{e in English. · 

By 
ROY HALLETT 

QULA, 690kc, Honolulu, probably the 
strongest signal from Hawaii around 2 
a.m. This station suffers interference here 
from 6WF (also on 690kc), until the 
latter station concludes its night trans
mission at 2 o'clock. This station verifies 
correct reception reports with a very 
attractive QSL card. 

KGU, 760kc, Honolulu, heard in Eng
lish, suffers interference from All India 
Radio's VUT Trichinopoly, on 758kc. 

KHON, 1380kc, Honofolu, another of 
the Japanese language group, at 2 a .m. 

New Zealanders hear KIPA Hilo, lllOkc, 
opening at 2 a.m. EST, but as 2UW Syd
ney is on the same channel with a 24-hour 
service, it is not likely KIP A will be heard 
well in this country. Mr. Art Cushen 
has just received his verificatioq from this 
one. 

NEWS OF ASIATIC STATIONS 
Reception of signals from the Philip

pine Islands should prove fairly successful 
during the coming winter months. Best 
time for listening is around I a.m., when 
these stations are heard with late-night 
transmission. American-type programmes 
may be heard from this group also, as 
well as presentations in Togalog (the 
language used by a great proportion of 
the Islands' population) and in Spanish. 

KZFM, 710kc, Manila, has been heard 
by several DX·ers in th1s country. 

KZRH, 750kc, Manila, an old-timer, be
ing popular amongst Australian DX-ers 
for many years, provides one of the best 
signals from the P .I. at our listening post. 

KZPI, 800kc, Manila, presents pro
grammes almost entirely in English. 

KZMB, 950kc, Manila, reported from 
several locations. · 

KZOK, IOOOkc, Manila, operates mainly 
in Togalog, working in association with 
KZPI. 

KZBU, 1250kc, Cebu City. Mr. Cushen 
and others hear this one till 2 a.m . 
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Operating under the call sign "Radio 
Malaya," stations operating at Singapore, 
l333kc and 570kc, and Penang, 1270kc, 
have been heard by Mr. Art Cushen and 
others around I a.m. Latest airmail in
formation from Singapore states that other 
stations operate from Malacca, Kuala, 
Lumpur, and Seremban, also under the 
same call. · 

Two new Indians reported by Mr. Rex 
Gillett, Adelaide, likely to be heard here 
include: Patna, 1131kc with 5kw, and Cut
tack, lkw 1355kc. 

VUY Dacca, 1167kc, is one of the 
strongest signals heard at present from 
India. Try around I a.m. for th is aHd 
other Indians, with programmes in Indian 
native languages and occasional features 
in English. 

A fairly strong signal is now being heard 
at present late at night on 870kc from 
WVTR, the American Armed Forces 
station in Tokyo, Japan. Shortly after 
the Allies entered Tokyo, WVTR's call
sign was heard on 590kc. 

NEW N.Z. STATION 
The National Broadcasting Service has 

just announced plans for "he erection of 
yet another uni~ in their chain, this time 
at Timaru, on the East Coast of New 
Zealand's South Island. Studios will be 
installed temporarily in the top storey 
of the Timaru· Gas Co. building, whilst 
the transmitter, Australian made, is to 
be installed at vVashdyke, right on the 
coast, some two miles from the studios. 
The aerial will be supported by a 206-ft. 
steel lattice-type tower. 

The two-kilowatt transmitter will be 
operated by remote control from the 
studio, with regular checks at intervals 
by the station engineers. This type of 
operation is not permitted by the P.M.G. 
in this country, and is only used in this 
and similar cases in N.Z. in an attempt 
to limit station expenses. The station call
sign will be 3XC and the frequency 1160 
kilocycles. It is hoped to have 3XC on 
the air by the ~nd of this year. 

READERS1 REPORTS 
Several interesting verifications have 

been received by readers during recent 
weeks. Mr. Ray Rooke, of M~nly, Sydney, 
has added the card from KSL Salt Lake 
City, 1160kc, to his collection, and is quite 
pleased with the card which carries a 
photo of station equipment. 

* Mr. Moore sent us along the letter he 
received verifying his reception of KSDJ, 
1170kc, San Diego, Calif., U.S.A., for our 
inspection. KSD.J uses RCA audio equip
men~, with an RCA BTA5F transmitter. 
During daylight hours a power of 5kw 
is used, but in the evening the power is 
reduced-in this case to !kw-to avoid as , _ 
much as possible interference to other 
U.S.A. stations operating on the same 
channel. Aerial system includes three self
supporting towers in line 70 degrees (T) . 

* Mr. A. J. McDonald, Cronulla, was 
pleased with our list of New Zealanders, 
particularly as it is so difficult to hear 
individual call signs during the morning 
session. Many of these stations relay the 
same programme, and consequently, when 
station identification is eventually given, 
little detail is provided. This reader re
ports also an Oriental signal on 590kc, 
which is almost certainly JOAK Tokyo. 

* Mr. Stuart Kerr writes us from Mary-
borough, Vic., reporting reception of what 
appears to be a new Philippines station 
on 920kc. This is possibly an outlet now 
being used by "The Voice of America," 
from Manila. 
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Conducted by Ted Whiting 

IMPROVED CONDITIONS ON ALL BANDS 
With the advent of winter reception 

conditions are rapidly improving and 
good listening is available on all bands 
used in Short Wave Broadcasting. It 
will be found that during this coming · 
month many stations will be heard in 
the daylight hours which have been non
existent during the summer months. 

We do urge our readers to keep a 
strict watch on all bands at this period 
of the year, a watch which will be well 
rewarded by good catches. 

Excellent conditions have prevailed on 
the 6 M/G band, the stations of note 
now being heard on those frequencies 
being the South Africans in the early 
morning. The band will be found to be 
open from 4 p.m. and remains in that 
state until well after daylight. No doubt 

many changes have yet to be made in 
schedules and more stations will be 
operating on this band by the time this 
appears in print. 

The 8 M/c frequencies are again pro
ductive of some good signals mostly from 
the Central Americas, but conditions are 
not yet at their peak on these frequencies, 
possibly the best time will be July. We 
hope in our next issue to give prominence 
to this band and will compile a list of 
stations to be heard at around 8 M/c. 

Above 20 M/c. 
Many readers have receivers which 

will receive signals on the 13 metre band, 
and it will be found that, at night 
especially, good signals are to be heard. 
The B.B.C. have made good use of this 

NEWS OF THE AMATEUR BANDS 
As these notes are written there is 

much activity on the new band, 140-144 
M/c. band-new equipment will require 
adjustment and experience on the band 
will have to be gained. This shou.ld re
sult in good contacts being made and 
who knows over what distance? 

The Six metre band has been for the 
most part rather deserted, no doubt due to 
the above activity, but when signals are 
likely to break through it is customary to 
hear many on the band. While primary a 
local band there seems no doubt that 
long distances will be covered with more 
or less regularity, and at present it would 
be wise to populate the band in anticipa
tion of such events. 

Ten is rather patchy these days, few 
overseas stations being heard at their 
usual level, but locals have been working 
the usual W, ZS and G signals at times. 

Conditions on Twenty have improved, 
the usual continuous hetrodyne being 
evideqt at the week-end. However in the 
less busy periods some fine signals are 
heard, W signals are good in the after
noons and night periods. 
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Mote stations' are heard on "80", inter
state and ZL stations coming in well, 
although many are debarred from using 
this band by the fear of BCI. 

Loggings for the past month include:-
14" M/c Band.-England: G2DPZ,. PU, 

ABB, PO, PW, XV, DPZ, .G3CSJ, PD, 
PO, GW, AQX. G4AD, ADK, MH, MJ, 
HO. G5GK, XN, RW, UX. G6XR, 
GW, BC. G8CN, IG, NY, AW, 
MX. Scotland: GM8MF, KQ. Can
ada: VE3HI, ZL, LL, AL, VE4GE, 
VE7JK, EF, BO, VO, DJ, ZL, ZAA, ADJ, 
VE8MH. · Trinidad: VP4GR. Holland: 
PAOMZ, UN, RU, Dw. Newfoundland: 
V02AT, PT, AB. Luxembourg, LXIDU. 

7 M/c Band.-Mexico: XEIIA. Fiji: 
VR2BA. 

28 M/c Band.-New Zealand: ZL2FY, 
ZLlON, ZL2DW, ZL3HZ. America: 
W6EZP, PKI, VCN, QR, SPV, ETY. Fiji: 
VR2AP. Africa: ZS5DU, BZ, ZS60Y, 
ZE2JA. 

21 M/c Band. - W6BTY; VK2AFE, 
2ADC. 

50 M/c Band. - VK2FO, 2HO, 2JU, 
2NP; 2WJ, 2EM, 2XG, 2BG, 2MQ. 

band and the transmitters in use at pre
sent are all heard here in the evening 
hours. Hours of operation are as fol
lows: GSH, 21470kc, 8 p.m.-3.15 a.m.; 
GSJ, 21530kc, 4 p.m.-6 p.m., 8 p.m.-10.15 
p.m., 1.15 a.m.-4.15 a.m.; GST, 21550kc, 
4 p.m.-8 p.m., 12.15 a.m.-3.15 a.m.~ 4 a.m.-
7 a.m.; GRZ, 21640kc, 11.30 p.m.-1.30 a.m.; 
GVR, 21675kc, 3.30 a.m.-7 a.m.; GVS, 
21710kc, 6 p.m.-11.15 p.m., 2 a.m.-7 a.m. 

Other stations of interest are those 
on the 11 metre band, and heard here 
regularly at good level. The details are: 
GSK, 26100kc, 8 p.m.-11.15 p.m. and GSS, 
26550kc, 9 p.m.-12.15 a.m. 

We will be interested in reports on 
your reception on these bands, as there 
is a possibility that more stations will 
make use of these frequencies in the 
coming months. 

"RADIO AUSTRALIA" NOTES 
Interesting news has been received from· 

Radio Australia recently, their DX ses
sion filling a long felt need. It is re
ported in their session that the stations 
of the Broadcasting Corporation of Japan 
will now verify. Reports should be ad
dressed to Mr. R. H. Nimo, Chief Liaison 
Section, Broadcasting Corporation of 
Japan, Tokio. Recent schedules are to 
hand. JKC, 7257kc, 5.55 a.m.-Midnight; 
JKF, 9655kc, 5.55 a.m.-5.45 p.m.; JKF2, 
4910kc, 5.45 p .m.-Midnight; J09K, 9550 
kc, IO a.m.-Noon, 2 p.rri.-3.20 p.m.; JKA, 
7285kc, 6.55 a.m.-9 a.m., 10.20 a.m.-11 
a.m., 12.20 p.m.:1 p.m., 5.55 p.m.-11.30 
p .m.; JKG, 9690kc, 6.55 a.m.-9 a.m., 10.20 
a.m.-11 a .m., 12.20 p.m.-1 p.m.; JKG2, 4930 
kc, 5.55 p.m.-11.30 p.m.; JVW, 15225kc, 8:30 
a .m.-5.50 p.m.; JVW2, 9505kc, 5.45 p.m.
Midnight; JVW3, 15235kc, 8.50 a.m.-5.30 
p.m.; JVW4, 9560kc, 5.45 p.m.-Midnight. 

Further reports from this source indi
cate that Warsaw is heard from 4 p.m. 
until 6 p .m. on 9530kc, news in Polish 
is heard on the opening of the station 
at 3 p.m. The Polish National Radio 
is heard on 7010kc in a transmission to 
Iraq, Persia and Turkey between 1.30 
a .m. and 2 a.m. 
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LISTEN F 0 R THESE ST AT I 0 NS 
West Coast American stations in the 

A.F.R.S. network are 
0

heard well in this 
country, and no doubt the times of opera
tion will be of interest. KCBA 15150kc, 
KCBF 11810kc, KWIX 9570kc, 1.15 p.m.-
6.45 p.m.; KCBA 15330kc, KCBF 9700kc, 
KWIX 11860kc, 7 p.m.-12.30 a.m.; KGEX 
17780kc, KNBX 15250kc, 3.30 p.m.-6.45 
p.m.; KWID 11900kc, 3.30 p.m.-9.30 p.m.; 
KGEI 15120kc, 3.30 p.m.-8.30 p.m.; KGEI 
9530kc, 8.45 p.m.-12.30 a.m. 

* * * A new station operated by Radio 
Malaya, but carrying an alternative pro
gramme, is heard on 6120kc between 9.30 
p.m. and 1 a.m. Opening signature tune 
of this transmitter is "Wings Over the 
Navy" and 'the announcements are in 
Malayan and other Eastern languages. 

* * * Schedules of the Italian Short Wave 
stations are as follows: European Service, 
6085kc and 9630kc, 1.45 a.m.-6.45 a.m.; 
Latin American Service, 15120kc and 
9630kc, 8.30 a.m.-9.50 a.m.; North Ameri
can Service, 15120kc and 9630kc, 9.55 a.m.-
11.10 a.m. 

News in English is heard from Athens 
on 7295kc at 2.30 a.m. Despite many 
reports to the contrary, this station will 
verify and all letters should be addressed 
to National Broadcasting Company of 
Greece, National Broadcasting Institute, 
Athens, Greece. 

* * * Radio Belgrano, Buenos Aires, has been 
reported heard at 8 p.m. for a brief period 
on 9545kc, but unfortunately is badly 
jammed by a Russian station on the same 
frequency. We would advise readers to 
tune for Radio Belgrano at 11 p.m. as 
reception is more likely at this time. 

* * * Notes from our diary include one on 
a change of frequency to 6105kc by Radio 
Tabriz, whiGh is in operation from 12.30 
a.m.-3.30 a .m. A transmission in English 
is heard at 3.20 a.m. Often heard at good 
level. 

Radio Bucharest is looking for reports 
on their transmission. The station oper
ates on 9250kc, and should be heard at 
4 a.m. at the best level. We heard this 
station several times last year at 4.30 p.m., 
but cannot say whether the station is on 
the air at that time no~ 

* * * The British Forces station at Benghazi 
should be in operation by the time this 
issue reaches the streets. The frequency, 
you will recall, is 11850kc and will oper
ate from 4 p.m.-6 p.m., 10 p.m.-Midnight 
and 2 a.m.-4 a.m. The announcement 
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states, "This is your Forces Broadcasting 
Station, Cyrenecia." 

* * * Radio Teheran, Iran, operates several 
frequencies at the present time. EQA 
895kc, EQE 4790kc and EQD 6155kc are 
on the air from 9.30 a.m.-11.50 a.m. and 

• 8 p.m.-1.30 a.m.. Reports from W.A. 
state that this station is heard at 6.15 p .m. 
with a fine signal. EQA 895kc, EQC 9680 
kc and EQB 15100kc are operatir.g from 
4.30 p.m.-6.30 p.m. 

* * * Test transmission have been heard 
Samoa. The station using the call 

ZM2AP was heard on 7947kc between 4 
a.m. and 4.30 a.m. Reports on ZF2AP 
should be addressed to Box 23, Post 
Office, ''\lestern Samoa. 

* * * Guatemala City, TGWA, is again heard 
on 9760kc at 2 p.m., carrying the custo
mary Spanish type programmes and clos
ing on Sunday at 4 p.m. and often as 
late as 5 p.m. XERQ, 9615kc, is also 
heard at closing at 4 p.m. on Sunday 
with their customary service, and other 
stations to be heard at good level at the 
same time are XEWW, 9500kc; XEBT, 
9625kc; XEHH, 11880kc. 

NEWS FROM AMERICAN CORRESPONDENT 
We have to hand some interesting notes compiled by Ken B.oord, and 
kindly passed 'on to. us by Miss Sanderson. Mr. Boord is the Short Wove 
Editor of "Radio News" and resides at Morgantown, U.S.A. His notes 
ore dated 13 I 4 I 48 .and the follawing comments should interest readers. 

News in Spanish for listeners in Spain 
is broadcast by local transmitters in Spain 
on the broadcast band and in addition 
on the following frequencies: 11.30 p.m., 
37.7m, 42.07m, 42.83m; 6.45 a.m., 32.02m, 
37.7m, 42.07m, 42.83m, 49.45m; 9 a.m., 
42.7m. For listeners in South America a 
service is radiated daily at 9.50 a.m.-Noon 
on 32.02m. 

Unfortunately no details of call signs 
are given, and any communication with 
regard to reception of these , stations 
should be addressed to K. M. Dobeson, 
12 Pelham Road, Southsea, Hants, Eng
land. 

CQM4, Bisseau, Portuguese Guinea 
now verifies with an attractive card. 
Power is lKw, Telefunken transmitter, 
direction.al aerials operating on 7948kc, 
schedule 7.30 a:m.-9 a.m. 

The new transmitter at Copenhagen 
should be in regular service at any time. 
A station has been heard in U.S.A., which 
may have been this new one testing, on 
21560kc at 1.40 a.m.-2 a.m., American 
recordings and announcements in a 
Scandanavian language were heard. This 
one should be a good catch, and we feel 
sure the station staff would be delighted 
to hear of reception of their transmis
sions in Australia. 

ZOY, Accra, Gold Coast, is heard regu
larly on 7290kc till close at 4 a.m., this 
station also verifies. 

HH2S, Port-au-Prince, Haiti has Eng
lish programes on Thursday as 10.30 a .m.-
11.30 a.m., will not be heard in Australia 
on its frequency, 5940kc, but New Zea
land readers should look for this one. 

Listeners in U.S.A. are hearing Radio 

Eiraan, Ireland on l 7840kc at 4.30 a.m.· 
4.50 a.m. with news etc. New high power 
transmitters are being constructed and · 
will result in this station being heard in 
this country also. 

Beirut is now operating on 8030kc and 
has an English session at 1 a.m.-2 a.m. 
daily. Possibly schedules ol' this station 
will be rather spasmodic in view of the 
circumstances in this area. 

Oslo Radio, Norway has advised that 
the new lOOKw transmitter will be used 
in the near future now that the new 
aerial is completed. The frequency will 
possibly be 11850kc in the transmission 
now carried on 9610kc at 11 a.m.-Noon. 

Another new station, this one located 
at Instanboul, Turkey, will operate with 
100 KW in the spring with services direc
ted lo America, Far East, Australia, Africa 
and Western Europe. The pro.iected 
wavelengths to be used will be chosen 
from the following, 41.19m, 32.89m, 
19.78m, 16.87m, and l!l.85m. 

The new schedule of the Canadian 
stations as given by Mr. Boord gives a 
little information. CFRX, Toronto, was 
to leave the air, but due to popular de· 
mand is still in operation. This one may 
be off the air for a few days in early 
July when new beamed antennas will be 
installed directed on Northern Canada. 

The International Service Summer 
Schedule; Europe daily, 11 p.m.-8.5 a.m. 
on CKNC, 2.5 a.m.-8.5 a.m. on CKCS 
15320kc. Carribean Area in English, 
on 12.30 a.m.-2 a.m.. To Australia and 
New Zealand in English, 6.45 p.m.-8.!15 
p.m. Sunday on CHOL 11720k.c: and 
CHLS 96IO~c. 
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READERS1 REPORTS 
Hr. Gillett, Prospect, S.A., the winner of 

the ' DX Contest of the Australian DX Radio 
Olub 1947-8 writes of his successes. Inci·· 
dentally, Rex compiled a total of 750 points 
in the contest, verifications being received 
from 52 countries numbering 123. This was 
a very fine performance indeed and we in 
turn offer our congratulations. 

From South Africa, Mr. Gillett relays news 
of the South African Air Force station, ZRB, 
heard here at times on 9100kc. Weak signals 
were heard from ZRB at 11.45 p.m., but at 
the end of transmission at 4.55 a.m. the level 
was very good indeed . 'I'he programme con
sisted of recorded music and English and 
Afrikaans announcements were beard. 

The complete schedule of the Sooth Afn· 
can Broadcasting Corporation, J ohannesbnrg 
is to hand. Two programmes are emitted. 
the "A., programme in English, and the "B" 
programme in Afrikaans. 

Johannesburg No. 3 5Kw B: 
3450kc not in operation. 
4895kc, 1.50-7 .5 a.m. 
6007kc, 2.45-4.30 p.m. daily; 3.55-4.10 p.m. 

Sunday. 
9523kc, 6.15-10.10 p.m.; midnight-1.40 a.m . 

daily; 6.15 p.m.-1.40 a.m. Sunday. 
11710kc, not in operation. 

Johannesburg No. 4 IKw A: 
4800kc, 2.45-4.30 p.m.; 2 .20-7.5 a.m. 

daily; 3.5~-4.10 p.m. Sonday. 
9870kc, 6.15-10 .10 p .m.; mldnight-2.10 

a .m. dally; 6.15p.m .-1.40 a.m. Sunday. 

Johannesburg No. 5 2Kw A: 
4373kc, used on all sessions. 

The latest schedcle from TAP, Ankara, 
Turkey, 9465kc. News in Urdu, Persian, 
Arabic, English, French, Greek,' Roumanian, 
Serbo-Croat, Bulgarian, German and Magyar 
at intervals between 2 a.m. and 6 a.m., these 
being listed as Foreign Language broadcasts. 
other transmissions are on Monday 7.30-7.45 
a .m., Post Bag, in English; Tuesday and 
Friday, 7.30-7.46 a.m., Special Broadcast for 
England; and fortnightly on Wednesday from 
7 .30-7.45 a.m., a special broadcast for U.S.A. 
The circular states that "your letters an4 
the qu..,tions you raise will be answered both 
over the air and by mail. All correct and 
detaned reception reports are verified on one 
of our new illustrated QSL Cards". 

-er -tr * 
A further New Zealand reader sertds along 

an interesting report giving · details of two 
stations located in the Philippine Is., KZPI 
on 9500kc operates from 8-2.35 a.m., pro
grammes being in English and Talalog main. 
ly. KZOK, 9690kc, "The Friendly Station" 
also operates on the same sr.hedule. Both 
transmitters are operated by "The Philippine 
Broadcast!no: Corporation, 5th Floor, Roees 
Building, Manllla," and wfll verify en eor
rect reports. 

Mr. A. T. Cushen, lnvercargill, N.Z. sends 
along a fine log also. In it he mentions 
many stations in which readers will l>e in
terestei. 

ZOY, Accra, Gold Coast, 4900ke signs otI 
at 4 a.rn., . after news and comment. 

HH2S 5948kc, Port-au-Prince, Haiti!; this 
one hear<jl from 9.80 p.m. dally. 

Forces Broadcasting Service, Jerusalem; 
heard at good level till 7.5 a.m. daily. 

The American Forces Network have now 
withdrawn the short wave outlet, this being 
replaced by the German station , "Radio 
Munchen," located at Munich. The trans• 
mission is heard on 608o'kc from 3 p.m. 
daily, while the 14Voice of America" takes 
the transmitter over from 2 a.m.-8 a.m. 
daily. Radio Munchen verifies, address report 
to Of!\ce of Military Government for Bava
ria, Rundfunkplatz 1, Munich. 

Another station reported is CS2WD. Lis
bon, Portugal. This outlet is heard at fair 
level at 5.80 a.m. 
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Club Notes 
HURSTVILLE DISTRICT 
AMATEUR RADIO CLUB 

C.W.A. Rooms, 378 Forest Road, 
Hurstville, N.S.W. 
President: F. Tregurtha. 
Secretary: C. Coyle. 

The last General Meeting saw the re
turn of the President (VK2FT) from a 

• two months' sojourn in Tasmania and 
New Zealand. '°He was very enthusias.tic 
about the Hobart Branch of the W .I.A. 
in regard to the loyalty of its members 
(its membership being almost 100 per 
cent. of Amateurs in Tasmania) and its 
organising ability. Members travelled a 
hundred miles or so· to be present at the 
Anniversary Dinner and to take part in 
the Field Day held the next day, and the 
latter, in particular was extremely success-
ful as a D/F hunt. · 

The programme for the Club's activi
ties during the ensuing month has now 
been drawn up, and all members and any 
intending members are requested to make 
a note of the meeting dates as well as 
the place. 
lst June: GENERAL MEETING. 
8th June: Transmitte_r construction 

Power supplies. (At C. Coyle's Home.) 
15th June: Club Rooms. Lecture by Mr. 

E. Walton, on the "Poulsen Arc as an 
early-day Transmitter." 

22nd June: Club Rooms, Lecture by ·Mr. 
J. H. Larkin, A.M.I.R.E. Design En· 
gineer, Paton Electrical Pty. Ltd. 
Special "Questionnaire Lecture" on vari
ous types of test equipment. 

29th June: Transmitter Construction 

Miss Sanderson, of Malvern, Vic. submits 
a fine report, which although a little late for 
May issue has lost n6ne of its interest. We 
are pleased to give prominence to many of 
the stations logged. 
Chile: 
CE1180 12000kc 9.45 p.m. Chimes on an
nouncement and call clearly spoken. 
CE1190 l1900kc 10.15 p.m. Opene at 9.80 

p .m. with anthem. News in Spanish. 
Egypt: 
SUX 7865kc 6.45 a.m. News in Arabic and 

music. 
Ecuador: 
HCJB 5999kc 8.15 p.m. Special DX pro

gramme, good signal. 
HCJB 9950kc 3 p.m. Religious type pro

gramme, good one. 
H<'JJB 15110kc 4 p.m. Special DX programme 

also heard on this frequency. 
France: 
Paris 9!)60kc 3 p.m. News in French, fine 

sh~nal at this time. 
Germany: 
Munich 11870kc 7.30 a.m. American News

letter. 
Munich 7290ke 7.15 a.m. News in German 

at this time. 
Leipzig 9730ke 4 p.m. News in German, fine 

signal. 
Guatemala: 
TGWA 9760kc 2.16 p.m. Fair in Spanish 

news, call announced on opening and 
Closing. 

Haitii: 
HH3W 10130kc 10.15 p.m. Good one, now 

on increased power, news in Freneh. 

and News 
. (either -at C. Coyles house or at the 

Club Rooms, depending on progress 
made at previous meeting). 

THE EXPERIMENT AL RADIO 
SOCIETY OF N.S.W. 

Members of the society were in a 
reminiscent mood on the evening of May 
6th, on the occasion of the 18th Annual 
Re-union of the Society. 

These re-unions are eagerly anticipated 
by members and on such occasions many 
old acquaintances are renewed year by 
year. 

Subsequent to the excellent repast pro· 
vided, the customary toasts were proposed 
by Messrs. Luckman VK2JT, Picknell, 
Warren VK2QX, Hayes VK2AJL and 
Blades VK2VP. These were duly re
sponded to by Messrs. Holt (P.M.G. Dept. 
Wireless Branch) Sullivan (Gladesville 
Club), Wilson VK2VW (Kingsford Club), 
Coyle (Hurstville Club), Jones (St. George 
Club), and a representative of the Waver
ley Radio Club; Halworth (A.W. Valve 
Co.). Hume (Phillips Valves). Hutchin
son (W.l.A.). D. • B. Knock VK2NO 
(A.R.W.), W. N . . Williams (R. & H.) and 
C. E. Birchmeier (Radio Science). 

A transmitter condenser was won by a 
representative of the Newcastle Amateurs 
who spoke of the formation of a new club 
in that area, the other prize, an 815 tube 
was won by Mr. A. Appleby VK2BF 
(W.l.A.). 

The next meeting of the Society will 
take place on May 20th, when the elec
tion of officers for the ensuing year will 
take place. 

Poland: 
Warsaw 6210kc 6.46 a.m. English news, 

interval signal of piano notes. 
Warsaw 9530kc 4 p.m. Announces as Polski 

Radio, news and music, same interval 
signal. 

Palestme: 
Damascus 12000kc 6a.m. News in Arabic, 

good signal. 
Portugal: 
CQM2 7947kc 8 a .m. Powerful signal, neW& 

and music. 
Spain: 
EAJS 7037kc 6.45 a.m. "Radio Natlonaf 

Espana", male and female announcers,. 
good signal. 

Sweden: 
SBP 11700kc 4.30 p.m. News and music, 

good signal. 
Switzerland: 
HEl5 11815kc 1.15 p.m. English news ~nd' 

melodies from Swit?erland. 
HER5 11715kc 4 p.m. News in French, easily 

identified. 
South American: 
LRM 6180kc 8 p.m. Opening at good level , 

news, etc. 
LRR 11880kc 8.30 p.m. Fai'r signal in Span

ish, news. etc. 
LRS 9315kc 10.15 p .m. Under interference, 

but good signal. 
ZYB8 11765kc 8.15 p.m. News in Sp~nish ;. 

fair strength. 
Yugoslavia: 
9420kc 4 p.m . "Radip Belgrade". Female

announcer, news in French. 
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U. H. F. TECHNIQUE'S . 
(Continued from page 36,) 

may be too critical to be of any prac
tical value_ 

Another method of tuning is by means 
of plugs screwed into the outer walls 
of the cavity. As they are screwed in, 
the volume of the cavity decreases and 
the resonant frequency increases. This 
method is probably simpler mechanically, 
although it is not as suitable for dual 
cavity control as the other method. 

Reflex Klystron Oscillators. 

One of the requirements of the original 
double cavity klystron was that both 
cavities be tuned to exactly the same 
resonant frequency. As well as placing 
close mechanical tolerances on the cavities, 
this required an elaborate tuning mech
anism. This disadvantage led to the de
velopment of the reflection or reflex kly
stron oscillator in 1939 in England, where 
attention was being focussed on the 
problem of making oscillators for the 10 
centimetre region. 

In the reflex klystron a single cavity 
performs the function of both buncl1er 
and catcher. By providing a reflector or 
repeller electrode at a negative potential, 
the electron beam, after passing through 
the cavity and becoming bunched, is re
versed and returned through the same 
cavity whicll then acts as a catcher. 

Figure 5 is a sectional view of the 
English CV35 reflex klystron. A feature 
of this tube is the absence of any grids. 
The electron gun consists of an indirectly 
heated cathode with a focussing electrode 
together with a cathode screen. This fa 
connected to a separate pin on the base 
and may be used in modulating the out
put. 

The rhumbatron resonator consists of 
two portions, one inside and the other 
outside the glass envelope. The former 
consists of two copper spun diaphragms 
0.010 inch thick, sealed to the glass and 
projecting outside the envelope, whilst 
the cavity is completed by a hollow cy
lindrical piece of metal to which the 
diaphragms are clamped. In production 
the outside resona tor parts were made 
of diecast metal and were plated with 
copper and gold. 

Tuning of these tubes is by means of 
plungers screwed into the outside wall 
of the cavity-two for coarse tuning and 
one non-contacting type for fine con
trol. A frequency range of 6-8 per cent. 
is available with these controls. Power 
is taken out by means of a loop coupled 
into the cavity. Instead of grids across 
the centre portions of the resonators, the 
CV35 has SI!J.all single holes, and the 
electrons are focussed into a very nar
row beam, An essential. in the construe-
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tion of this type of tube is accurate centr
ing and alignment of the electrodes. 

The output at 10 cm. is about 400 
milliwatts for a current drain of 10 milli
amps and an efficiency of about 3 per 
cent. For good frequency s'tability a well 
regulated power supply is essential. 

Towards the end of the war reflex 
klystrons for K band (about 1.2 cm) were 
developed in England and America. Some 
of these are illustrated in Figure 6. 

High Powered Klystrons. 

Recently the Sperry Co. has developed 
high power reflex klystrons for com
munication applications. Power outputs 
of 4.5 watts are available from tubes 
operating at frequencies up to 8,000 Mc/s. 
One of these tubes is illustrated in Figure 
7. This is a type SRC8 suitable for the 
range 5,500 co 7,800 Mc/s. 

Another application of the klystron in 
communication and relay work is an r.f. 
amplifier. 

Modulation. 
For communication it would be neces

sary to modulate klystrons. Both ampli
tude and frequency modulation is pos
sible with . klystron oscillators. For 
amplitude modulation a control grid is 
required. The CV35 is provided with a 
cathode }creen for this purpose. A cer
tain amount of frequency modulation 
accompanies amplitude modulation by 
this method. 

Frequency modulation is obtained by 
means of a variation of either the ac
celerating voltage or the reflector voltage. 
This is accompanied by amplitude modu
lation. By a combination of both the 
above methods the unwanted modulation 
may be eliminated and pure amplitude 
or pure frequency modulation obtained. 

In conclusion, it may be pointed out 
that the klystron, which has had a much 
shorter and Jess varied history than the 
magnetron, is not capable of such high 
efficiency as the magnetron, but is more 
easily tuned and more suitable for low 
power CW operation. 
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ELECTRONICS IN INDUSTRY 
(Continued from page 11.) 

shears except when the operator's hands 
are out of the way. 

In similar fashion interrupted light 
beams can be made to operate burglar 
alarms, detect smoke and fire, stop ma
chinery when over-travel occurs. 

Traffic signals at highway intersections 
can be arranged to count the number of 
vehicles on each road and allocate the 
green clearance time in proportion to the 
d_ensity of traffic on each intersecting high
way. 

Quality Control. 
Many of the devices already described 

are also used in the final quality control 
of manufactured goods. The greatest elec
tronic advance in this direction is perhaps 
increased employment of X-ray radio
graphic inspection. Production parts may 
be rapidly checked for internal faults 
and micro film records kept. A typical 
production arrangement using this tech
nique is shown in Figure 11. 

Recent advances in industrial X-ray 
have produced · a thickness gauge for 
sheet metal rolling mills. In this sys
tem, the absorption of X-rays by a 
standard thickness of metal is compared 
with the absorption obtained in an iden
tical manner from a moving strip of the 
same nominal thickness. Variations in 
thickness give rise to corresponding varia
tions in absorption. The electrical quan
tities developed by the effect of depart
ures from standard thickness may be 
amplified and used to screw down or 
open rolls to correct errors. This device 
detects and correct thickness variations 
so rapidly that the strip mill can oper
ate at a linear feed velocity of a mile 
a minute! 

Scope for More Industrial 
Uses of Electronics. 

The cross section of typical ind us trial 
electronics application just described is 
but a small sample of the vast pattern 
of the science as it affects industry to
day. Yet many more fundamental con
tributions will surely be made in the 
next few years as scientists get down more 
and morfi to .the real needs of industry 
and as the present important research 
programmes reach maturity. 

Most problems being solved to-day in
volve the dovetailing of separate but well 
proven principles integrated in a different 
manner to meet new requirements. As 
each new fundamental contribution is 
added, it increases very greatly the pos
sible permutations and combinations of 
arrangements available to meet the in
creasing diversity of applications of the 
science of Industrial Electronics· 
~'All Photographs supplied lty · c•urtesy 

Westinghouse Rosebel')' Ltd. 
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M.E.M. (Bordertown, S.A.) after seeing the 
first two issues has decided to become a per
manent subscrilter and enclosed a two-year 
subscription. 

A.-Your subscription is appreciated a nd 
this has been attended to by our Subscription 
Dept. As you say, the subject of acoustics 
is a very involved science and it is hard to 
do it justice in just one or two general 
articles . We intend keepin g your suggestion 
in mind, and as soon as the opportunity 
(and time) permits, we hope to do something 
about speaker baffles, etc., along the lines 
you mention. 

W.J.H. (Malvern, Victoria) appreciates the 
recent list of Service Valve Equivalents, and 
suggests that an article dealing with 
Grounded Grid RF amplifiers should be topi
cal. 

A.-Your suggestion has been noted, and 
it may be possible to publish details of this 
type of circuit. Its use is now becoming 
mor.e widespread and agree that it should be 
of interest to most amateurs. ' Thanks for 
the appreciative remarks. 

E.B.H. (South Yarra, Victoria) asks about 
forwarding technical articles for publication. 

A.-Technical articles of the type you men
t ion will always be considered for publication 
in the magazine. If you care to forward them 
along, we will advise you of their suitability 
or otherwise. If accepted -for public~tion, you 
will be paid for them at our current rates 
for such material. 

F.E. (Alphington, Victoria) suggests we 
publish an article dealing with the construc
tion of a tape recorder. 

A.-Although no doubt such an article 
would be interesting, the main drawback at 
'the moment is the availability of suitable 
components. For instance, it would be diffi
cult to obtain suitable electric motors and 
as far as we know the special type of mag
netic tape required is not yet available in 
quantity in this country. Under such cir
cumstances an article of this type would only 
have a limited appeal, although it may inter
est some manufacturer in the possibility of 
this type of equipment. 

K.McK. (Bondi Junction) has read all con
structional articles to date with great interest 
and hopes to try some of these circuits in 
the near future. 

A.-Thanks for the interesting letter. The 
Dual Wave Seven described in the May issue 
will probably suit your purpose, although it 
is somewhat larger than the type you sug
gest. We are pleased to hear of your friend's 
success with the Miniminor Portable------<!xcel
lent reports have already been received from 
many other centres regarding this small re
ceiver. A pickup could be fitted to the com
mercial receiver you mention, although the 
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TECHNICAL QUERY SERVICE 
Readers are invited to send in any 

technical problems either dealing with 
our circuits or of a general nature, 
and an earnest endeavour will be made 
to assist you through the medium of 
these columns. For convenience, keep 
all letters to the point, with questions 
set out in a logical order, as space is 
rather limited. 

All technical enquiries will be dealt 
with in strict rotation and t he replies 
will be published in the first available 
issue of the magazine. Address all 
letters to RADIO SCIENCE, Box 5647, 
G.P.O. SYDNEY, and mark the enve
lope "Mailbag". 

results would not be particularly satisfactory 
in view of the small size of the speaker. 
Probably the best place to connect this would 
be by arranging a switch in the diode load 
circuit. This would mean that the pickup 
would feed directly into the 6V6G grid-not 
a very efficient arrangement, but still work
able especially if a high output crystal 
unit is used. 

J.E.H. (Mt. Isa, Q'Id.) asks if Geiger
Muller tubes are available for private use, 

A.-To the best of our knowledge this type 
of tube is not yet commercially available to 
the general public. Most of the tubes im
ported into this country are mainly for use 
in the various Government and other scien
tific labora tories . 

R.M. (Moorooka, Brisbane) is interested 
in hearing aid circuits and asks . if we can 
supply these, 

A .-Unfortunately, we have no circuits of 
this type on hand, and consequently cannot 
offer you much assistance. It should be 
remembered there are many forms of deaf
ness, and the circuit that suits one type 
may be entirely unsuited for another person. 
Because of this it is preferable to obtain 
competent advice before using such a unit, 
otherwise it is possible to actually do more 
harm than good. 

B.C. (No Address) sends in several sugges
tions. 

A.-A page of standard technical infor
mation as you mention would certainly pro
vide a handy reference chart for the begin
ner. We will examine the possibility of 
drawing this up, and if feasible will certainly 
include it in a future issue. Test equipment 
will also be described from time to time, and 
no doubt you will see the article you ~quire 
in later issues. Your remarks concerning the 
magazine are appreciated. 

R.G.J. IWest Hobart, Tas.) writes: "Hav
ing found much interest in your first and 
second editions of RADIO SCIENCE, I have 

constructed the Low Cost Amplifier which 
was featured in your first issue. The ampli
fier is housed in a rather robust box together 
with a 12 inch speaker, and I can assure yoa 
that the results from record reproduction in 
my opinion are unequalled • • •0 

A.-Thanks for the letter, R.G.J., and we 
are pleased to hear of your success with the 
small amplifier. There have been several en
quiries for the larger tuner unit, and it is 
hoped to feature something along the lines 
you suggest in an early issue. 

A.M. (C/ o, Post Gllice, Wagga) is inter
ested in the Fremodyne FM circuit described 
in the March issue of RADIO SCIENCE, and 
requests some additional information. 

A.-This particular article was based on 
an overseas report and consequently is the 
only information we have regarding it. Since 
it is a Hazelt ine patented circuit, no details 
of the tuning condensers or coils were in
cluded. The valve used in the circuit is the 
dual triode 12AT7-a type not yet available 
in this country. 

J.B. (Marrickville, N .S.W.) asks several 
questions regarding the fitting of an exten
sion speaker to his present set. 

A.-There should be little difficulty in wir
ing in the extra speaker, and for preference 
this should be a permanent magnet type. 
This means that only two leads will be re
quired as against the four needed in the 
case of the electro-dynamic type, and also 
there will be no field excitation troubles. 
The accompanying diagram will assist in 
making the correct connections, and this 
arrangement will permit either or both 
speakers to be operated simultaneously, with
out any serious mismatching. The output 
transfcrmer should be suitable to match the 
two voice coils in parallel, i.e., have half 
the normal secondary impedance. The switches 
are s ingle pole double throw type and operate 
so that when one speaker is disconnected, a 
dummy load is connected in its place. The 
value of this "R" should be approx. 25% 
greater than the voice coil impedance, and 
capable of dissipating at least half the 
maximum power output of the receiver. 
Although some power is lost in the resistor 
when only one speaker is operating , the cor
rect load impedance is maint.ained resulting 
in correct operating conditions and minii:num 
of distortion. 
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R.J.N. (Cessnock West) writes an appre
.:iative letter and includes· several suggestions 
for the magazine. 

A.-Many thanks for your letter, R.J.N. 
It wa8 read with great interest. We would 
'be pleased to hear of your results with the 
"Signal Tracer" as soon as you complete it. 

The Service Data Sheets :will continue as a 
-feature and we agree on their value to the 
.serviceman. You may ca~e to contribute 
s ome of your own servicing problems to the 
·section "For Your Notebook," as undoubtedly 
many other readers would be interested in 
them. Although the policy of the magazine 
is restricted to only the radio and electronic 
-field, it is possible that details of construe~ 
ing suitable cabinets would not go amiss. We 
would be pleased to see the photographs of 
your own efforts in this direction whenever 
y ou find time to send them along. 

C.E.R. (Neutral Bay, N.S.W.) forwards a 
-subscription and writes: "I have been ob
·taining copies of RADIO SCIENCE stnce 
11ubtication commenced and consider it to be 
Australia's best radio magazine, and am 
'becoming a subscriber so that I shall not 
miss future copies. It is my idea of what a 
radio magazine should be and hope future 
·issues will continue to contain items espe
cially suited to the average hobbyist on vary
ing subjects. . . . The magazine's present 
·standard is wonderfulty high and I look for
ward to following your programme of ad
·vancement . . ." 

A. Thanks for the subscription and appre
ciative remarks. You may rest assured that 
·future issues of RADIO SCIENCE will main
tain or better the present standard. Your 
suggestion regarding the test equipment 
·articles has been noted, and it is anticipated 
·that something along these lines will appear 
'in an early issue. 

R.A.K. (Wellington City, N.Z.) writes an 
-appreciative Jetter and being an Official DX 
·Listening Post is specially interested in the 
·Short Wave pages. 

A. Your letter is appreciated, and pleased 
·to hear you enjoy reading RADIO SCIENCE. 
·As we are now including a page of N.Z. news 
you may care to contribute some items to 
.our correspondent, Mr. J. Fox. Should you 
·have any difficulties ·obtaining future copies, 
·why not subscribe direct to us! The rates 
are 12/- per year, or 21/- for two years, both 
'including 1>99tage to your address. New Zea
land Money Orders are negotiable in this 
.conntry, and you should have little difficulty 
on obtaining this from your local Post 
·Office. 

L.S. (Albert Park) acclaims the magazine 
and is particularly interested in amplifier 
.circuits. 

A. We note your interests in audio equip· 
ment and would be pleased to hear of your 
..xperiments with the speaker network data 
you contemplate trying out. The article on 
"Baffle" design has been suggested by sev
.eral other readers, and we will endeavour 
to · pnblish an artlce on this topic. The Car 
"Radio is also receiving consideration-how
ever, i..n the meantime the Caravan Five in 
this issue may interest you since it can be 
. operated from a 6.0 volt battery. 
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A.E.W. (Booker Bay) draws our attention 
to the very obvious error in the "Ohm's Law 
Reference Card" shown in the "For the Ex
perimenter" page in the May issue of RADIO 
SCIENCE. 

A. Yes, A.E.W., you are quite correct. 
The first formula in the "R" quadrant 
should read E/I and not as E/R as shown. 
Apparently irrespective of the amount of 
checking and re-checking, even. the most ob· 
vious mistakes (afterwards) still often slip 
by. 

W.B.W. (Waverley, N.S.W.) intends build
ing up the Signal Tracer described in tlte 
April issue, and asks whether an 0-1 Mil
liammeter could be used in this circuit. 

A. The meter you have on hand will be 
suitable for this circuit, sinoe it is only in
tended to provide to visuai indication of re
lative signal strength, and not any particu
lar voltage or current reading. We would 
be pleased to hear of your results with this 
equipment. 

G.L.S. (Albert Park) suggests that we 
publish undernea~ wiring diagrams of all 
circuits described. 

A. As your Jetter is the first one in several 
hundred to mention this subject, it appears 
most likely that these wirfug diagrams are 
not popular or required as is often expected. 
We have purposely refrained from publishing 
them, since all necessary information is given 
in .. the schematic diagram, and this coupled 
with. the many excellent photographs of the 
completed receiver is generally sufficient for 
the average home set constructor. In view 
of this, we consider the extr.a space re
quired for these diagrams can be put to 
better use by providing additional reading 
matter. 

F.M. (Strathfied) recently bought his first 
issue of RADIO SCIENCE and is appreciative 
of the scope of the c11ntents. 

A: Thanks for the interesting letter, F.M. 
We are pleased to hear you enjoy reading 
the various articles. If you require the first 
two issues of the magazine these are now 
available from our Subscription Department, 
price 1/- each, post free. 

A.B. (Queenstown, Tasmania) sends along 
a subscription and suggests that an article 
dealing with intercomm. systems be pu)>. 
lished. 

1 

A. Thanks for the suggestion and sub· 
scription. We realise the increasing popu
larity of this form of office intercommuni· 
cation, and will try and include some de
tails. as well as circuits in an early issue. 
The small speakers you mention would be 
quite suitable for use, and could operate as 
both a speaker and/or microphone, by using 
suitable switching. 

K.R.M. (Camberwell, Victoria) sends along 
details of a valve circuit tester which Jae 
finds very useful in service work. 

A. So far we have not .had the oppor
tunity of looking very closely at this cir
cuit, but. will keep it by for future refer· 
ence. At first glance it .seems as thongh 
it could be useful around the service bench. 
Your remarks concerning the magazine are 
appreciated . 

R.W. (Ascot, Brisbane) is a radio me
chanic in the Australian Regular Army, and 
would like to see some articles dealing with 
general receiver fault finding. 

A. Your suggestion has been noted, and it 
may be possible to provide some informa· 
tion of this type. However, in the meantime 
"For Your Notebook" and the page of ser
viCe data included in this issue shonld be of 
some interest. We appreciate the s\Jbscri;p
tion, and trust your promotion comes along 
as anticipated. 

ANSWERS TO QUIZ 
A.1 (b) They are usually referred 

to as the E and F layer. 
A.2. (d) Theoretically waves of any 

length can be transmitted throu2"h 
a wave guide. Since the dimensions 
of the guide increases rapidly with 
a decrease of frequency, it is enly 
practicable to "pipe" the very lligh 
frequency w:aves. 

A.3. la). 
A.4 (b). 
A.5. (c). 
l\..6. (a) and (b) are 

answers although (d) 
warrant some marks 
bound up with (a). 

A.7. (d). 
.A.8. (b). 
A .9. (b). 
A.10 (c). 
A.11 (c). 
A.12 (c). 
A.13. (b). 
A.14. (a) and 
A.15. (b). 

(c). 

the correct 
would also 

since it is 

ALL WAVE BATTERY TWO 

(Continued from page %9.) 

an overlap on the first coil and it covers 
from 8 to 2.5 Mc-that is approximately 
37.5 metres to 120 metres. 

As mentioned earlier, it is rather diffi
cult to wind two sets of identical coils by 
hand, and, in addi.tion, the actual coil 
coverage and set operation is governed to 
some extent by associated components. 
Because of this it may be necessary to 
experiment with the coils to achieve maxi
mum results. 

For example, if a receiver proves in 
practice to be lacking in selectivity, then 
try moving the position of the tapping 
on the coil. This will improve the selec
tivity but at the same time may result in 
a slight loss of gain, so here some form 
of compromise may be necessary. 

Then again if the set does not oscillate 
properly over the entire band the sensi· 
tivity will be poor and it will be gener· 
ally impossible to hear code signals. If 
it is found that the receiver does not 
oscillate near the low frequency end of 
the band, then the reactions turns should 
be increased, or moved slightly closer to 
the grid winding may assist. On the other 
hand if the reaction is uncontrollable, it 
may be necessary to remove turns, increase 
the distance between reaction and grid 
windings, or reduce the applied voltage. 

If the set does not oscillate at all, then 
the most likely cause is inco1Tect reaction 
connections, and the cure in this case is 
to simply reverse the two leads. 
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THEN A.W.A. HAS A 

PRECISION INSTRUMENT 

TO MEET YOUR NEEDS 

For over a quarter of a century, A.W.A. Laboratories 

hove been producing a wide variety of precision elec

tronic instruments de5igned essentially for research and 

industry. 

A large staff of engineers is constantly engaged in the 

development of new and improved types of test instru

ments to meet wider ranges of application. 

A.W.A. offers the choice of a far greater range of 

apparatus than ever previously available in Australia. 

In addition, a representative selection of high quality 

!nstruments by Morconi Instruments Ltd., England, is 

available. 

An invitation .is extended to Electrical and Radio Engi

neers, Designers and Manufacturers to call or write 

and discuss any measurement problem with the Com

pany's Test Instrument Engineers. 
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AUSTRALIA'S FINEST SPEAKER 

Only in Rola )peakers will you find all the most 
modern features or speaker construction. 
lllustra~ed is Rola model SM, a highly efficient 
eight inch speaker with a generous - sized 
magnet or Anisotropic Alnico and an lsocore 
transformer. Retail price £2.6.3 

Available through all Rola distributors. 

LOUDSPEAKERS WITH ANISOTROPIC ALNICO 

Rola Co. (Aust.) Pty. Ltd., The Boulevard, Richmond, Victoria 

and at 116 Clarence Street, Syd ney, New South Wales 
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