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SURVEYING BY

By J. WARNER, B.Sc., B.E.

Kaélal/'

Shoran Ground Station Equipment. The transmitter unit is at the left and the monitor and

receiver at the right.

One of the latest but less publicised
uses of radar is its application to aerial
and geodetic surveying.  Whilst a con-
siderable amount of experimental work
has been done in both England and
America during the past two or three
years, it is only recently that work along
these lines has commenced in Australia
and Canada.

In Australia, large inland areas still re-
main to be mapped, and it is probable

THE AUTHOR

J. Warner, B.S¢., B.E. gradu-
ated in Science in 1938 and in
Electrical Engineering in 1940 at
Sydney University. In 1940 he
joined the staff of C.S.I.R. Radio-
physics Laboratory and under-
took radar research with special
emphasis on  transmitter and
modulator design. In 1944 he
was transferred to the Australian
Scientific Liaison Office in Lon-
don for a year where he investi-
gated British developments in
radar, especially in the fields of
navigational aids and survey
applications. Before returning to
Australia in 1946 he spent three
months in U.S.A. investigating
American research in these fields.
Since 1946 he has been engaged
in research for C.S.I.R. into the
applications of radar to surveying.

that radar will be eventually used as an
aid in speeding up and reducing the cost
of this work.

Aerial Surveying

Before discussing the method in which
radar is used it would be desirable to
describe briefly how an ordinary aerial
photographic survey is carried out
and how maps are produced from the
photographs.

The survey aircraft, carrying a precision
camera, is flown at a fixed height along
a series of parallel straight tracks in the
manner indicated in the figure, and photo-
graphs are taken at equal time intervals
at points shown by the crosses. The time
interval is chosen so that on the average
the overlap between successive pictures
amounts to about two-thirds of the width
of the photograph, and the spacing be-
tween aircraft tracks so that up to one-
third lateral overlap results. Thus when
the finished photographs are assembled
into a mosaic as the first stage in pro-
ducing a map we could have a state of
affairs such as that indicated by the over-
lapping squares in Figure 1.

As can be seen any point on the
ground will appear on at least two photo-
graphs. This is desirable so that small
scale differences between the pictures due
to tilt of the air camera, or to varying
aircraft height, can be corrected, and is

essential if ground contours are to be
obtained from a stereoscopic examination
of adjacent air photographs.

In what has been said above, it has
been assumed that the aircraft can be
flown accurately along a series of equally
spaced parallel tracks and that no pic
tures are missed. The former is difficult
when the pilot has few landmarks to
define his course, as the aircraft will drift
due to varying winds. As a result, upon
occasions the tracks are not parallel and
gaps occur in the photo-mosaic that have
to be filled by a subsequent flight. If
the country being mapped has no promi-
nent landmarks it may be difficult to find
the area required and many more than
the necessary number of photographs may
be taken.

Another common cause of gaps is due
to clouds obscuring areas of the picture,
and again in this case, it is necessary to
locate the area and take more pictures.
It is obvious that some form of radio
navigational aid would be very useful in
reducing aircraft flying time and expendi-
ture on film.

Reduces Cost

Such an aid can, in addition, be used
to define the aircraft tracks and thus
allow the degree of overlap between suc-
cessive pictures to be reduced to the mini-
mum required for stereoscopic work., This
results in a worthwhile saving of film
and labour. If, of course, gaps should
occur due to the presence of cloud, the
aircraft can readily return to the desired
spot and no time or film is wasted.

In preparing a map from the air photo-
graphs, scale and tilt corrections must be
made as indicated before, and it is usually
necessary to have on the photographs a
number of easily recognisable points
whose position on the ground is accur-
ately known.  This is cssential so that
progressive errors do not occur when the
photographs are extended for any distance
by fitting corresponding points together.

If new country is being mapped, these
points on the ground, or ground control
points as they are called, must be sur-
veyed by a ground party before the final
map is produced. This ground control is
essential for ncarly all the maps that are
produced from aerial photographs and can
only be avoided if the arca being mapped
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_PATH FLOWN By, _OVERLAPPING |
_SURVEY AIRCRAFT AERIAL PHOTOGRAPHS]

Illustrating the path flown by an aircraft

carrying out an aerial survey. At the right

is the method of overlapping successive photo-
graphs to form the required mesaic,
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RADAR AIDS TO NAVIGATION

'MULTIPLE TRACK RADAR RANGE

By JOHN G. DOWNES, B.Sc., A.M.LE.E.

This article deals with a new radar navigational aid which
has been extensively developed in Australia.

The Multiple
Track Radar Range is a system for guiding aircraft along

well-defined tracks which may be laid down in a permanent

form along any desired air route.

It is proposed in this article to deal
with a new aid to the development of
aircraft which has been extensively de-
veloped in Australia. The Multiple Track
Radar Range is a system for guiding air-
craft along well-defined tracks which may
be laid down along any desired routes
and which are accurate and permanent in
their positions.

Before dealing with this Australian de-
velopment, however, it is necessary to con-
sider in some detail the principles and
operations of existing systems of track
guidance, so that the requirements for a
new system may be properly understood.
The present part of this article will be
occupied principally by these considera-
tions.

Subsequently we proposz to discuss the
idea underlying the Multiple Track
Range, namely, the principle which has
now become known as “hyperbolic navi-
gation,” and we shall then consider in
some detail the ground and airborne

s N so3 ror” s

Fig. 1.—Map of radio range tracks in S.E.
Australia, The heavy arrows indicate track
direction.
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equipments of the new range system and
their method of operation.

The Need For Track Guidance

In a previous article dealing with dis-
tance measuring equipment the need for
a system of reliable track guidance was
mentioned. It is an essential requirement
on civil air routes to-day that aircraft
should be able to follow a clearly-defined
track or “highway” through the air, and
that there should be laid down a net-
work of such tracks linking up the major
airports of the country.  Unless such
tracks, fixed in space, are provided there
is a very real danger that in bad weather
aircraft may become lost and possibly fly
into mountainous country where there is
a serious risk of collision with peaks.
(It is interesting to notice that the exist-
ing track system between Sydney and Mel-
bourne has been intentionally “bent” so
as to keep aircraft clear of the moun-
tainous country of the Great Dividing
Range; this “bending” may be seen in
Figure 1.)

A track system, in addition to ensuring
that aircraft are flying in clear country,
has an additional function in the vicinity
of an airport, for it is here used to guide
aircraft working “procedure approaches”
under conditions of bad visibility. Such
“procedure approaches” involve the air-
craft flying a clearly-defined manoeuvre,
for which track guidance is essential, in
the vicinity of the airport. They find
their application in cases where there are
several. aircraft close to the airport, and
it is necessary to separate them safely
while they land in turn; on other occa-
sions the procedure is followed in order
to give the pilot a clear indication of
the location of the airship when bad
weather has made this invisible to him.

It should be remembered that the im-
portant advantage of a track system over
a direction-finding procedure (such as that
provided by the radio compass) is that
the track system is fixed in space, where-
as the path followed when homing on a

station with a radio compass is not fixed
in this way; the latter path is a straight
line in the absence of wind, but under
windy conditions the aircraft, although
it must eventually arrive at the station
on which it is homing, follows a curved
and possibly quite roundabout route.
Consequently, the radio compass, although
a valuable auxiliary navigational aid, does
not guide aircraft along fixed tracks.

Existing Methods of Providing
Track Guidance

The principal method of providing
track guidance to civil aircraft has, until
quite recently, been by means of the so-
called radio range. Such radio ranges
have taken various forms in different
countries, but they all depend essentially
on radiation from a transmitter in the
form of overlapping coverage diagrams.
Figure 2 illustrates the principle in its
application to the radio range now used
on Australian air routes. The overlap of
the two radiation patterns provides a line
of intersection along which the intensity
of the signal due to each pattern is the
same, and if suitable equipment is pro-
vided in the aircraft to compare the re-
lative intensities of the two signals and
indicate when these are equal, such indi-
cation can be used to fly the aircraft
along the track provided by the inter-
secting patterns.

By suitably orientating the transmitting
aerials the track can be located along any
desired bearing. Usually, because of the
symmetrical arrangement of the aerials,
there emanate from the transmitter either
two tracks, approximately 180° apart, or
four tracks, 90° apart; these systems are
known as two-course and four-course
ranges respectively.

In America, radio ranges of this kind
have been operated on the principal air
routes over a period of many years. The
frequencies used lie in the m.f band
(200-400 Kc) and such ranges are still one
of the main navigational aids for civil
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Although the prototype ecircuit used Ameri-
can type valves, they are now being replaced
by the new British sub-miniatures.

sible to reduce to a very considerable ex-
tent the total power consumption of the
new Hearing Aid. The unit for example,
designed for use with a crystal type ear-
piece, normally consumes only 1/10th watt
whilst the total power consumption of
the unit intended for use with the mag-
netic type earpiece is not greater than one
watt. This means that less electrical
energy is consumed by 450 of either of
these extremely compact and lightweight
amplifiers than is consumed by a single 60
watt electric lamp.

In spite of this, however, it has been
possible to retain a reasonably high gain.
For example, with the voltage amplifying
pentode DF70 operating at a potential of
30 volts into a load of 1 megohm, a value
of the order of 35 is obtained. This is
more than is at present demanded by the

National Hecaring Aid circuit which,
operating under optimum conditions, is
capable of showing an overall gain of 250,
equivalent to 48 dbs. without introducing
appreciable distortion.

It will be realised that this is a remark

able achievement in an amplifier unit of
such small dimensions. It may be well
that as a result of this development in
sub-miniature valves, a new world opens
not only to the deaf, but also to the elec-
tronics designer.

%Technical data and photographs in this article were made available through the
courtesy of Mullard-Australia Pty. Ltd.

TENTATIVE OPERATING DATA FOR
SUB-MINIATURE VALVES

% Total distortion 109%.

FILAMENT. DF70
Voltage: 0.625
Current: 0.026 a.

CHARACTERISTICS.

Plate Voltage: 30

Screen Voltage: 30

Grid Voltage: 0

Plate Current: 0.15 ma
Screen Current: 0.05 ma
Slope: 0.176 ma/v
Voltage Gain: 86%

Power Output: —_

LIMITING VALUES.

Plate Voltage: 45
(Maximum)

Screen Voltage:
(Maximum) 46

DIMENSIONS.

Diameter: 10.1 mm.
(Maximum)

Length of Glass: 29.5 mm,
(Maximum)

Length of Pins: 32 mm.
(Minimum)

# Ra is 1 megohm and Rg2 is 8 megohms.

DL71 DL72
1.25 1.25
0.025 a. 0.025 a.
45 45

45 45

1.26 4.5

0.6 ma 1.25 ma
0.15 ma 0.4 ma
0.55 ma/v 0.5 ma/v
6mW.} 23 mW.
45 45

45 45

10.1 mm. 10.1 mm,
38 mm. 38 mm.
32 mm, 82 mm.

MULLARD S

Mullard’s announcement of the develop-
ment of new Sub-Miniature Valves rep-
resents a marked advance in Deaf-Aid
manufacturing technique. It opens up
possibilitie= in all kinds ef electronic
design applications and deaf-aid equip-
ment when size is a limiting factor. The
valves are 10 m.m. (approx. # inch) in
diameter; lengths are: type DF70 — 30
num. (approx. 1% inch) and DL71 and
DL72 output pentodes, 38 m.m. (approx.
11 inch). Three DF70- valves will fit
comfortably in a teaspoon.

It is interesting to note that Mullard
Sub-Miniature Valves have contributed
largely to the successful development of
an All-British Hearing Aid which will be
available to all afflicted persons under
the new British National Health Service
Act. Nearly % million Mullard sub-

Mullard

Mullard - Austrailia Pty. Lid., 3543 Clarence Street, Sydney
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miniatures will be supplied as standard
equipment.

The electrode structure is built up from
a flat glass disc in a manner basically
sirnilar to that employed in the well-
known all-glass technique which has been
perfected in the Mullard laboratories.
This miethod of construction enables a
high degree of rigidity and consequently
freedom from microphony. The lead-out
wires are tinned to facilitate soldered
connections into the circuit.

Reference to the data shown reveals
that the filament current ratings of the
Mullard Sub-Miniature Valves are ex-
tremely low. This advance will be appar-
ent when it is considered that the normal
3.stage amplifier in a hearing-aid con-
sumes a total filament current of only 50
mA, representing a considerable saving
in battery consumption.

PRINCIPAL

Filament Voltage
Filament Current
Plate Voltage
Screen VYoltage
Plate Current
Power Output

6mW.
Further details available on

UB-MINIATURE VALVES

CHARACTERISTICS

DL7t DL72 DF70
1.25 v, 1.25 v. 0.625 v,
25 mA 25 mA 25 mA
45 v, 45y, 30v.

45 v. 45 v, 30v.

0.6 mA 1.25 mA 0.15 mA

23 mW
request.

M
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A Set for the Connoisseur!

7/&2 i&l&t/ WOLUQ

A front view of
completed receiver.

even

MAIN FEATURES

@ High performance on both
broadcast and S/W bands.

® Special negative feedback
circuit and bass
control.

boost

@ New type of detector cir-
cuit.

Here are full constructional details of a new and unusual

seven valve dual
designed for

wave receiver.
the reader who wants
"“different’”” and worthwhile.

It has been specially
something

really

The set has been designed around an
cffective dual wave coil unit, and is cap-
able of excellent results on both broad-
cast and short wave bands. In addition
provision has been made to include a
gramophone pickup for the record en-
thusiast.

To provide high quality reproduction
on both radio and gramophone, the audio
end of the receiver has not been neglected.
In using a pentode audio stage where the
inherent distortion is high, the results re-
quired have been achicved by the use of
negative feedback, in conjunction with a
bass boost controf. This c¢nsurcs a high
quality output with low distortion, and
is quite comparable to a triode stage.

Of particular intercst is the novel de-
tector circuit, featuring a cathode coupled
circuit which will handle any likely sig-
nal input without distortion or overload-

RADIO SCIENCE, May, 1948

ing. Although not a necw circuit, its in-
clusion, together with the feedback circuit
was suggested by E. Holdaway, B.Sc.

The Circuit in Detail.

The valves employed in the circuit arce
all standard types and conscquently call
for little comment. The RF stage uses a
6SK7-G'I", connected up in the conven-
tional manner. It wil be noticed that
the short wave RI plate lead has been
decoupled resulting in slightly greater efhi-
ciency and stability on that band.

The converter valve is an ECH-35, and
the oscillator section is shunt fed using
a .0001 mfd coupling condenser and a .04
meg resistor, in place of the usual series
feed. In addition the plate circuit has
been used as the tuned circuit instead of
the grid circuit. Both these changes are

not radical, but simply ones recominended
for the ECH-35 by the valve manufac-
turers.

The gencral cflect of the plate circuit
tuning is to decrcase any cross modulation
cffects as well as provide increased stability
on the short wave band by reducing fre-
quency drift.  In wiring up the circuit it

. 3 3
- = 5 ot =] :
[S3-1 g e £ o®
@ @ <2 & = o R
-] =2 0.2 S
29 e n -]
52 E o s £
Ohms Ohms Ohms Mid
1.5 400 20,000 5
2.3 500 20,000 851
8.4 1000 40,000 25
12 1200 40,000 .2
15 1350 50,000 .2
40 2250 50,000 .1
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Although somewhat unorthodox, this circuit is capable of excellent resul.s.

should be remembered that the oscillator
coil connections must be reversed—that is
the terminals marked OG and padder,
now become OP and B plus—and vice
versa.

A second 6SK7-GT is employed as the
1.F. amplifier, and this in conjunction
with the two iron core intermediates will
provide ample gain for the circuit. The
RF and IF amplifier screen are connected
together and taken to the HT through a
common resistor network.

The functions of the sccond detector
and AVC rectifier arc combined in the
6SQ7-GT. The AVC control is obtained
from the 6SK7-G'T plate circuit, via the
.0001 mfd feed condenser and the result-
ing voltage applied to the 1F and RF
stages only.

In the latter case, shunt feed is em-
ployed to simplify coil conncctions. Also
a voltage divider consisting of two 1.0
meg resistors is used to reduce the control
voltage applied to this valve.

Unusual Detector Circuit.

The detector circuit employed is some-
what unusual, and whilst by no mecans
new, has not been featured to any great
extent in this country. It was originally
developed in America, by . C. Lveritt
during 1942, and featured fairly promi-
nently in technical journals about that
time.

As can be seen the circuit differs from
the more usual diode detcctor arrange-
ment, in that the diode is now driven
from an RF cathode follower circuit. The
main advantages of this circuit is that it
does not appreciably load the preceding
tuned circuit because of the high input
impedance of the cathode follower stage.

Although the operation of this circuit
is not difficult to understand, the follow-
ing brief remarks will interest thiose mect-
ing this detector circuit for the first time.
As can be seen the modulated signal in-
put is applied to the grid of the valve

18

dances are given in the text.

instead of to the diode circuit. As the
grid is varied at the RI' rate, the plate
current will also vary, which mcans the
potential across the cathode impedance
must also vary in sympathy with the
signal fluctuations applied to the grid.

When the cathode is negative with re-
spect to the diode plate, current will flow
with the result a voltage is developed
across the diode load resistor in exactly
the same manner as in the conventional
diode circuit. The only difference in this
case is that the cathode is being varied
at the signal frequency instead of the
diode.

Necessary feedback resistor changes for different voice coil impe-

The net result of this change is thac
the AC shunting cffect of the diode load is
minimised, and in conscquence this has
been reduced to 0.1 megohm. Also the
shunting effect of following grid resistor
is negligible.

It should be realised that there is no
amplification from this type of detector,
and therefore it is only suitable {or use
in large reccivers where an audio stage
can be convenicently added. ‘The audio
output is taken from the diode load in
the normal manner through a .05 mfd con-
denser to the .5 meg volume control.

385v. HT, 50v. @ 2 amps,,
6.3v. @ 3 amps.

1 Filter choke, 100 ma.

1 RF choke.

CONDENSERS.

25 mfd electralytics.

16 mfd electrolytics 525v. or
600v.

8 mfd electrolytics 525v. or
600v.

.1 mfd tubular.

.05 mfd tubular.

.004 mfd mica.

.00035 mfd mica.

.0001 mfd mica.

.00005 mfd mica.

ESISTORS.
1.5 meg
1.0 meg
.5 meg + watt.

.25 meg ¥ watt.

watt,

A
2
4 watt,

—— DN m —~Dh——=NO N NN

PARTS

1 Chassis 173 x 124 x 2L,

1 3 gang ""H’’ tuning condenser.

1 Tuning dial to match.

1 B/C Aerial, RF and Osc. coil
(H type).

1 S/W Aerial, RF and Osc. coil
(H type).

1 3 bank, 3x3 wave change
switch.

2 455 ke/s. LF.T.'s.

1 Power transformer, 100 ma.

LIST

1 .1 meg ¥ watt,
2 .05 meg ¥ watt.
1 .03 meg 1 watt.

1 .025 meg 1 watt,

1 .04 meg 1 watt.

2 .02 meg ¥+ watt.

I .02 meg 1 watt.

1 2000 ohm % watt.

2 1000 ohm 1 watt.

1 1000 ohm wire wound 20 wat
1 800 ohm ¥ wctt.

1 500 ohm % watt.

3 300 ohm wire wound 3 watt.
1 150 ohm wire wound 3 watt.
1 100 ohm carkon.

1 50 ohm % we ¢,

1 .5 meg potenticmeater,

1 .025 meg potentiometer.

VALVES.

2—6SK7-GT, 1—FECH-35, 11—
6SQ7-GT, 1-—65J7-G1, |1—
EL33, 1—5Y3-GT.

SPEAKER.

Output  transformer, 7000 ohms
load.

SUNDRIES.

7 octal sockets, 2 phone jacks, 2
terminals, 6 Philips oir trim-
mers, shielded wire, hook up
wire, solder lugs, nuts and bolts,
4 knobs, 5 dial lamps and
holders, maunting strips, power
flex, rubber grommets.
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: Here is the fourth radio quiz to test
your general radio 1.Q. To obtain your -
rating, take 10 points for each ques-
tion answered correctly and 5 points
if only half right.

As a guide to your ability, the
scores are; Beginner, 507, and under;
Experimenters and Servicemen, 50 to
75% ; Experts, 756 to 95 ; and Genius,
over 957(.

R

Q.1.—Most modern broadcasting stations
nowadays employ a vertical lype of an-
tenna.  An important advantage of Ulis
type of acrial system is—

(a) Less space is required for its erec-

tion.

(b) Extends the service area of the
station.

(¢) Provides a radio beacon for air-
craft.

Q.2 —Whilst on the subject of broad-
cast transmitlers, here is another prob-
tem. During construction pholographs
frequently indicale the presence of radiat-
ing ground wires surrounding the an-
lenna system, and the purpose of these
is to—

(a) Keep the tower from sinking too

far into the ground.

(h) Improve the radiation from the
antenna.

(¢) Act as a lightning arrester and
prevent the mast from being struck
by lightning.

Q.3.—In  broadcasting and  general
sound work the term “VU” is often en-
countered. This is—

(a) A measure of volume level.

(b) 2\ unit of sound absorption.

(¢) A measure of ficld intensity.

Q4.—If a wvoltage doubler is a walve
used in a circuil to increase the voltage
apprimately two-fold, a wvoltage multi-

plier—
(@) Increases the circuit voltage many
times.
(b) Increases the apparent grid bias
voltage.

(¢) Increases the range of a volimeter.

(d) Increases the cffective plate cir-
cuit voltage.

Q.5.—As most readers know, the audio

transformer is an effective method of

22

coupling two stages in a receiver.
aclual operating conditions, pulsating
direct current is fed through the pri-
mary of the transformer and this resulls
in the secondary winding producing—
(a) .\ higher voltage pulsating direct

current.

(b) A higher voltage alternating cur-
rent.

(¢) A higher voltage non-pulsating
direct current.

() A higher amperage alternating
current.

(¢) A higher amperage non-pulsating
direct current.

Q.6.—Now one for the home recording
enthusiasts.  In making recordings on
acetate blanks the proper depth of the
cut should be—

(a) 0.015 inch.

(b) 0.025 inch.

(¢) 0.0015 inch.

(d) 0.0025 inch.

(e) 0.0005 inch.

(fy 0.005 inch.

Q.7.—1f you were able to answer the
previous question, then you should also
know that the ratio of cut depth to cut
width should be—

(a) 5:1.

(by 2:1.

(¢) 1:2.

(d) I:1.

(e) 1:5.

Q8.—The final RF stage of Australian
broadcast transmitters uses which of the
Jollowing types of modulation—

(a) Irequency.

by Phase.

(¢) Amplitude.

(d)y 110%.

Q.9.—O0ne form of coaxial has the space
between lhe inner and onter conductor
filled with gas under pressure. 1The
purpose of lhis gas is to—

(a) Keep the moisture out.

(b) Raisc the inductance of the cable.

(¢) Incrcase the capacity between the
two conductors.

(d) Provide a ready means of detecting
any clectrical leaks in the outer
conductor.

Q.10.—The long distance radio com-
munications we now consider common-
Place are really made possible by the
reflection of waves from an ionised layer

Under

surrounding the earth.  This layer is
usually referred to as lhe—

(a) Heviside layer.

(b) Kennely-Heaviside layer.

(¢) Heaviside layer.

(d) Kennelly-Heviside laver.

(¢) Kenneally-Heavyside layer.

() Kennelly-Heaviside laycr.

Q. 1l.—Reference Lo many wvalse diia
sheets show that cevtain valves are listed
as “general purpose valves”  Although
this means that such types are suitable
for more than one purpose, for which
of the [ollowing applications are they
unsuilable _

(a) RF amplificr.

(b) AF amplifier.

(¢} Power output.

(d) Detector.

(¢) Rectifier.

(I} Oscillator.

Q.12.=The “tank” circuit of a tlrans-
mitter is—

(a) The watercooling system for the

valves.

(b) Any tuned circuit in the trans-

mitter. :

(¢) The circuit which is coupled to the

antenna circuit.

Q.13 —Recently a greal deal of con-
troversy has centred around the validity
of some of Marconi’s early claims, but
you should hnow that he was—

(@) The man who invented radio
waves.

(by The first person to demonstrate
radio.

(¢) The first man to span the Atlantic
Occan by radio.

Q.14.—~Two of the following, in a diluie
form, will be found in an “4” storage
battery. Can you name them?

(a) CO,-

(b) Na,OH

(c) H.S

(dy H,S0,

(e) CioHs

(fy C.Hy,

Q15— is usual to couple the grid
and  plate of a Uiode logether when
the valve is to be used as an—

(a) RY amplifier.

(b) A beat frequency oscillator.

(¢) A half-wave rectifier.

(d) An AM amplifier.

(¢) A modulator.

(For answers, see page 46.)
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done by using a DPDT type of switch,
since it allows the filament circuit to be
open at the same time.

The output Irom the 1T4 is taken
through an RIC, hypassed on the plate
side by means of a .0001 mica condenser,
to the 354 grid via the 0.002 mid coup-
ling condenser and 0.5 meg grid lcak.

It should be noticed that this grid leak
is connected to the B minus return and
not directly to carth. 'This is because a
back Dbias system is used to obtain the
grid voltage for the 354,

The 1,000 ohm vesistor connected from
the B minus Jead to carth provides the
necessary bias voltage thus obviating the
need for a separvate C battery.

Receiver Layout.

The layout of the components on the
chassis can be scen by referring to the
photographs and the chassis diagram. The
main  tuning condenser, wave change
switch and  bandsprcad condenser arc
mounted in the position shown on top
of the chassis.  The coil bracket and 1'T'4

-

IN THE NEXT ISSUE.

The concluding part of this
article decling with the winding
and wiring in of the short wave
coils will be presented in the next

issue.
MAKE SURE OF YOUR COPY
NOw !

valve bracket are rivetted near the rear
of the chassis, making sure the valve socket
clears the broadcast coil.

The reaction control, DPDT and phone
jack are all mouniled under the chassis
T'he phone jack must be insulated from
the chassis and this is most easily donc
by drilling a 5/8in. hole, to take a rubber
grommet. Then mounting the phone
jack in this grommet will hold it quile
firm.

The various components are wired in
taking care to keep the leads short and
direct. The switch conncctions are shown
in the separate diagram and should cause
little trouble. The moving arms connect
to the acrial lead, grid lead and reaction
lcad respectively.  Then the [first con-
nection of cach switch section is taken to
the respective lead on the coil socket.

Operating the Set.

When the sct is completed and all con-
nections have been re-checked, connect up
the batteries and switch on. Evidence
of correct functioning wil be indicated by
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a squcal as the regeneration control is ad-
vanced. If this noise is not heard then
it is suggested you immediately re-check
the coil connections as probably the re-
action winding lcads have been reversed.

As the control is further advanced
without any stations being tuned in, a
slight rushing sound will be heard before
the squeal commences, and it is at this
point that regeneration begins. Any fur-
ther advance of control is both unneces-
sary and undesirable.

With the aerial and earth conncected
to the set rotate the main tuning con-
denser and it should be possible to hear
the local stations. If there is a whistle
in the sct as each station is approached

and passed, this indicates that the re-
ceiver is oscillating slightly. Under these
circumstances, the amount of regeueration
should be reduced until the detector is
on the verge of but not quite oscillating.
This condition will be found most suit-
able for the reception of any modulated
carrier such as that of broadcast stations
or any amateur phone work.

Although the tuning scale is graduvated
from 0-100 some readers may prefer to
mark the position of the stations on the
aluminium front panel, or to paste on
a piece of paper with these markings.
Either method will enable the position
of cach station to be quickly and -easily
located for future use.
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ANTENNA 3_ m TRANSMISSION

LINES

An analysis of Two-Wire and Coaxial Lines, with Data on
Types of Line, Line Impedance, Characteristic Impedance,
Resonant and Non-Rescnant Lines, Standing Waves, Quarter

Wave and Half-Wave Lines.

The transmission Iine is a major factor
in v-h-f antenna systems. Its characteris-
tics determine the manner and effective-
ness in which a signal is conducted or
guided from the antenna to the recciver.

There are four common types used for
the transfer of r-f cnergy, namely: two-
wire, four-wire and coaxial lincs, and wave
guides. The two-wire and coaxial lines
are most often employed in home receiver
installations.

Transmission Line Impedance

If the length of a transmission line is
short compared to the wave length of the
r-f voltage it carries, then the opposition
presented to this r-f voltage is chiefly at
theload connected across the receiving ter-
minals. 1If the line is long compared to a
wavclength, the line itself may present
even morc opposition to the r-f voltage
than the actual load. This is because a
long line (compared to a wavelength) ex-
hibits not only resistance but also reac-
tance to the flow of a-c.

This reactance is in the form of serics
inductance and shunt capacitance uni-
formly distributed over the length of the
line, as shown in Fig. 1. This can be
understood if we think of cach conductor
in a parallel line as being a simple air-core
inductor unwound. We know that cvery
current-carrying conductor has both an
clectromagnetic  and  electrostatic  field
about it. It follows that every conductor
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Fig. 1—The gdistributed constants of a trans-
mission line.
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carrving an alternating-current must be
an inductor and thercfore, must present
an inductive rcactance to the flow of this
a-c.

The distributed capacitance can be
accounted for by considering the two con-
ductors of a transmission line as two plates
of a capacitor upon which an r-f voltage
is impressed. From a study of Fig. 1 we
note, therefore, that the distributed induc-
tance opposes the r-f voltage transfer over
the line and the distributed capacitance
acts as a shunt across the line, thus short-
circuiting part of the signal or power from
the load connccted at the receiving end
of the line. Both of these cffects repre-
sents a loss between the sending and re-
cciving end of the line and must be carc-
fully taken into account when working
with the transmissioin of v-f cnergy at
100 mc.

Characteristic Impedance

One of the most important propertics
of an r-f transmission linc is commonly
referred to as its charvacteristic impe-
dance Z; (Impedance is the resultant of
the d-c resistive, inductive and capacitive
components with an a-c circuit).  The
characteristic impedance of a line is im-
portant because the load value at which
minimum line losses occur is determined
by the ratio of Z_ to the Joad impedance.
‘T'he characteristic impedance, Zo, may be
defined as: the impedance a line of infi-
nite length would present to an electrical
impulse induced in the line.

We can obtain a picture of how this
characteristic impedance is determined by
studying Fig. 2. Hecre we have a purcly
resistive network made up of the resis-
tances indicated. If only the first section,
ry, Ts is connccted across 100 volts, the
current flowing will be 0.01 ampere and
the resistance will be

I 100
R = —— = —— = 110 ohms
1 91

If three sections are connected across
100 volts the current will be 2.06 amperes
and

100
== —— or 48.4 ohms
2.06

Similarly it can be shown that the re-
sistance of 6 scetions is 38.6 ohms. At this
point it will be noted that the resistance
has decreased less than 10 ohms even
though the number of scctions in the cir-
cuit have been doubled. This leads to
the assumption that if a sufficient number
of sections were added a point would be
reached where an increase in the number
of sections would not decrease the total
resistance of the circuit by any noticeable
amount. It can be shown mathematically
that the total resistance of such a circuit
composed of an infinite number of scc-
tions is 37 ohms.

I SECTION 3 SECTICNS G SECTIONS
o i1 10! 1010 10
T : - “ .
ha(] ‘: I 1 INFINITE
3 1 \
100 2i 1002 1003, 1063 1003 1003 NOOF
loov *213) i {SECTIONS
s i
1 ; ! :
[ [ .

Fig. 2—Parallel-series resistance network of
an infinite number of sections.

Although the mathematics for calculat-
ing the characteristic impedance of an r-f
line is much more involved than this re-
sistance network example, it should be
cvident that the same rcasoning applies
to both cases. In other words, an infinitely
long line must present a cerlain impe-
dance (o an applied r-f voltage.

Resonant and Non-Resonant Lines

Every (ransmission line regardless of
physical construction may be classed as
cither resonant (tuned) or non-resonant
(untuned). If it is terminated in its
characteristic impedance it is non-resonant
or untuned. Non-resonant lines are usu-

RADIO SCIENCE, May, 1948



ally emploved for receiving antennas.  Al-
though a perfect match is difficult to ob-
tain in practice, a close approximation is
possible. It is important to remember
that the line must be tcrminated in a
pure resistance; a reactive component in
the terminating load will cause reflections
of voltage and current even though the load
itnpedance in ohms cquals the characteris-
tic impedance. The reactive component in
a load can be tuned out in order to ob-
tain a pure resistive effect.

Standing Waves

If the load is not resistive and matched
to the line impedance it reflects signal
back into the linc. The combination of
the outgoing and reflected signals produce
what are commonly referred to as standing
waves on the line. An r-f voltmeter may
be used for mcasuring the voltage waves
and an r-f ammeter inserted in series with
one conductor for measuring the current
wave providing the linc is carrying suffi-
cient power when used for receiving pur-
poses; therefore, it is necessary to couple
an r-f oscillator to measurc the standing
waves. It is important to remember that
even though the maximum and minimum
points of the waves are stationery (as long
as the load docs not vary) that the actual
voltage and current are alternating at the
r-f frequency. There is no d-¢c component
of either voltage or current.

The presence of standing waves on a
transmission line indicate a mismatch be-
tween the line and the load. If the load
does not match the line the length of the
line becomes critical.  The ratio of mis-
match is approximately ecqual to the
standing-wave ratio, providing there is
little or no reactive component in the
load impedance.

Emax
The standing-wave ratio = ———
Emin
where Emax is the voltage at the peak of
a wave and Emin is the voltage minimum.
A standing-wave ratio less than 2 to 1 is
to be desired for a satisfactory non-reson-
ant line. For example, if an r-f voltmeter
indicated a voltage peak of 12 volts and a
voltage minimum of 4 volts—
12
the standing wave-ratio would = —
4
or 3 to 1. This indicates that the load
impedance is either 3 times greater or
one-third the characteristic impedance of
the line.

Line and Load Impedance

Previously it was stated that the signal
was reflected back along the line unless
the load impedance equalled the line im-
pedance and was purely resistive. Also,
that the impedance presented (o the r-f
generator by the line, plus the load, equals
the load impedance only when the two are
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LINE SECTION CHARACTERISTICS
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Fig. 3—Characteristics of line sections.

matched. This suggests that the line ter-
minated in other than its characteristic
impedance might be used either as an im-
pedance matching transformer, or as re-
active (inductive or capacitive) elements in
an r-f circuit.

If a linc is terminated in a short cir-
cuit, there is no load resistance in which
to dissipate the energy, therefore, it is re-
flected back toward the r-f gencrator. The
standing waves of voltage and current
along the line arc 90 deg. out of phase,
which also indicates that no power is be-
ing dissipated. It will be noted that a
voltage minimum and a current maxi-
nmum occur at the shorted end. This is
fogical since high current and low voltage
are to be expected at a short circuit.

If the line is terminated in an open cir-
cuit, the voltage and current loops arc re-
versed and a voltage maximum and cur-
rent minimum appears at the open circuit
end. Again these are the conditions to
be expected at an open circuit and indi-
cate that no power is radiated.

The foregoing discussion dealt with a
line of specific length. It was emphasised
that location of the voltage and current
maximums were determined solely by the
value of load impedance at the recciving
end of the line. If a linc is shortened by
one-quarter wavelength the impedance
seen Dby the generator will be reversed from
a high to low impedance, or vice versa,
as the casc may be, regardless of whether
the line is terminated in a short or open
circuit. A quarter-wave section of line,
thercfore, presents either a high impe-
dance when shorted or a low impedance
when open circuited.

Resonant Circuit Effect

1t is apparent that the characteristics of
a quarter-wave scction of line, are similar
to a resonant circuit. For cxample, a
parallel tuned circuit presents a high im-
pedance at one frequency; a shorted
quarter-wave line also presents a high im-
pedance at one frequency. Likewise, a
series tuned circuit presents a low impe-
dance path for r-f at its resonant fre-
quency and an open quarter-wave is prac-
tically a short circuit to r-f induced at its
input end. The characteristics of open

and shorted sections of line are shown in
Fig. 3. These characteristics repeat when
multiples of an clectrical half-wave arc
added and are inverted as odd numbers
of clectrical quarier-wave sections arc
added.

If the input frequency applied to either
a parallel or scries resonant circuit in-
creases, the circuit becomes inductive. If
the frequency is decrcased below the res-
onant frequency, the same circuit becomes
capacitive. Quarter-wave  transmission
lines behave in exactly the same manner.
Fig. 3 shows this relationship for both
quarter and half-wave lines.

From the foregoing discussion it is evi-
dent that transmission lines may be used
as: (1) Impedance matching transformers,
(2) voltage or current transformers, 3)
parallel or series resonant circuits, and (4)
phase inversion transformners. (A quarter-
wave line shifts the phase 90 deg.).

Propagation Constant

Because 1-f encrgy travels morc slowly
on a wire than in free space, the wave-
length is shorter on the wire than in
space.

“I'his is because the:—

velocity
wavelength is equal to ————
{requency.

The velocity of an r-f wave in free

space is cqual to the velocity of light or

300,000,000 meters per second.  There-
fore, .
300,000,000
a wavelength in meters = ———————
f

when f is in cycles per second. The elec-
trical length, previously mentioned, then
differs slightly from the length in terms
of the free space wavelength. The capaci-
tance effects between the wires themselves
and bewwcen cach wire and ground de-
crease the velocity of propagation on the
linc. The insulating material between the
wires have a diclectric constant greater
than air, which increases the effective ca-
pacitance, which also affects the wave
velocity. The factor by which the velocity
in a line is reduced from the velocity in
free space is called the propagation con-
stant. Tt is always less than one.
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The propagation constant for some com-
mon lines are:—

Parallel line (open, bare) 0.975
Parallel tubing 0.95
Parallel line (polethylene insulated

300 ohm {-m leadin) 0.85.
Coaxial line (air insulated) 0.85
Coaxial line (rubber insulated) 0.60
Twisted pair 0.60

Most manufacturers give the propaga-
tion constant on every spool or roll of
line intended for r-f transmission. To find
the wavelength of a certain frequency on
a specific line multiply the wavelength in
free space by the propagation constant.

Analysis of Different
Types of Lines

The following types of lines are recom-
mended for use as antenna lead insi—

(1) Parallel polethylene insulated line.

(2) Coaxial plastic insulated line.

(3) Shielded pair, rubber covered line,

(4) Twisted pair.

The parallel polethylene insulated line
has become the most popular type trans-
mission lines for f-m antenna lead in in the
average home. It is econormical, easy to
install, has low losses (about 1.5 db per
hundred feet) and is available in a variety
of impedances (Zo) including 300 ohms,
which is the RMA suggested standard in-
put for f-m reccivers. For relatively short
lead ins (75 to 100 feet) this line is very
satisfactory.

Coaxial Lines

The chief purposc of coaxial lines is to
keep down radiation losses. In two-wire
parallel lines, the electric and magnetic
fields extend out into space thus causing
radiation losses and noisc pickup from
other sources. 1n a coaxial line, how-
cever, no fields extend outside the outer
conductor.  All fields exist in the space
Dbetween the two conductors. The coaxial
line is, therelore, perfectly shiclded. (This
is not actually true in the flexible coaxial
line, for there is some lcakage through
the flexible metal braid of the outer con-
ductor). Losses also occur in the rubber
or plastic insulation used between the
inncer and outer conductor,

Shielded Pair

Shiclded pair lines usually consist of
two parallel conductors scparated from
cach other and surrounded by an insulat-
ing material, usually plastic, and contained
in a copper braid tubing which acts as a
shield for the conductors. This copper
braid is usually covered with a protective
coating of rubber to protect it from mois-
ture and mechanical damage.

The most important advantage of the
the shiclded pair is the fact that the two
conductors are balanced to ground; that
is, the capacity between cach conductor
and ground is uniform along the entire
length of the line. To appreciate this im-
provement, let us consider the open pair
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or unshielded linc. If radiation in such a
line is to be prevented, the current flow
in cach conductor must be equal in am-
plitude to set up equal and opposite mag-
netic fields and thereby cancel out.

This condition can be obtained if the
line is well in the clear of all obstructions;
but suppose that the line runs ncar some
ground or conducting surface, and that
one of the two conductors is nearer that
obstruction than the other. A certain
amount of capacity will exist between the
two conductors and the conducting sur-
face over a length of the line, depending
upon the size of the obstruction. This
capacity acts as a parallel conducting path
for cach half (conductor) of the line,
causing a division of current flow be-
tween cach conductor and the interfering,
or stray capacity. Since one conductor is
nearcr the obstruction than the other, the
current will be greater on one linc than
on the other; therefore, incomplete can-
cellation will result and radiation will take
place.

Since the spacing between the two con-
ductors of a shielded pair is considerably
less than that of an unshielded pair; the
characteristic impedance of the line is low-
er. Also the propagation constant of a
shielded pair is usually lower than that
for an open line.

The twisted pair, as the name implies,
consists of two insulated wires twisted to
form a flexible line without the use of
spacers. It generally is used as an un-
tuned line for low r-f (standard broadcast
band). It is not used at the higher fre-
quencies because of the losses occurring
in the rubber insulation. Its chief ad-
vantage is that it may be used where more
efficient types of lines would not be practi-
cal, due to mechanical problems of instal-
lation and increased cost.

Summary on Choice of Lines

(1) An open or unshiclded pair is com-
monly used as a lead in for fm receiving
antennas if the run is less than 100 feet
and cconomny is a factor.

(2) Coaxial lines are used as an unbal-
anced line where it is convenient to
ground one leg of the circuit and where
radiation losses from an unshielded pair
might be excessive. A practical applica-
tion of a flexible coaxial line is as a lead-
in for an a-m antenna in which the lead in
must pass through a high noise area.

(3) The shielded pair is used where ra-
diation losses from an unshielded pair
would be excessive, but where it is desir-
able (o maintain a balanced line. The
cost per foot of the shielded pair is greater
than either the open pair or the flexible
coaxial line.

(4) The twisted pair is nsed as a lead in
for centre-fed or balanced a-m antennas
designed for maximum noise suppression

at nominal cost.

% This article first appeared in “Service’” and
is reprinted by special arrangement with the
publishers.
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ANODE

SLOTS J

Fig. 10.~Linders’ ‘“anode-tank-circuit” incor-
porating the tuned circuit in the anode.

radiating surface which was available; the
short circuiting end of the anode was
made very large in order to dissipate heat.

The Multi-Segment
Anode Magnetron.

The operation of the multi-segment
resonant cavity magnetron can be ex-
plained by a concept similar to that em-
ployed in the case of the split anode elec-
tronic magnetron.

Considering two gaps on opposite sides
of the-cathode, assuming that the alter-
nating voltages across them are of the
same amplitude and are in phase, the
motion of the electrons would be the same
as for the split anode case. Fig. 11 illus-
trates this motion; the paths of the two
classes of electrons, together with the
“D.C.” electron path are drawn. If the
fields due to the alternating voltages be-

tween alternate segments were of opposite
polarity as depicted by the curves sur-
rounding the sketch (Fig. 11) a rotating
field system or travelling wave of voltage
on the segments would result. The effect
would be for the field to move round in
synchronism with the electrons so that the
favourable decelerating eclectrons would
deliver energy continuously.

If tuned circuits in the form of resonant
cavities are connected between the segments
they will receive the energy from the elec-
trons. A small amount only of this energy
would be necessary to provide the neces-
sary field. The alternate anode segments
would of necessity be of opposite polarity
at any instant so that the required rotat-
ing tangential field would be provided at
the cathode.

Energy may be led to an external cir-
cuit by means of a coupling loop in one of
the cavities which are all fairly closely
coupled together.

The higher efficiency of the multi-seg-
ment resonant cavity or iravelling wave
magnetron results from the greater over-
all rate of exchange of energy and the
use of higher Q. circuits in the form of
resonant cavities.

Other Modes Possible.

A phenomenon which occurs in multi-
segment magnetrons, however, is the possi-
bility of other modes, associated with dif-
ferent numbers of repeats or cycles of the

alternating field round the anode system.
For example, 4, 2 and 1 cycles are pos-
sible with the 8-segment anode depicted
in Fig. 11. Those are analogous to har-
monics in a triode oscillator and result in
oscillations at different frequencies corres-
ponding to slightly differing voltage and
field conditions. The mode considered
above corresponds to 4 cycles and is called
the “T” mode because there is 180 deg.
or o radians phase change between seg-
ments.

Sayers in 1941 discovered that strapping
of the segments by means of wire bridges
reduced the tendency to moding. Higher
modes could occur in strapped magnetrons

DISTRIBUTION
___OF VOLTAGE

~

Fig. 11.—Electron orbits in a multi-anode

(1) DC; (2) Decelerated; (3)
Accelerated.

magnetron.

Radio Science.

10.7 mcs. |.F.'s available.

Construct Your First
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We have a few more R.A.A.F. Radar Receivers Type AR301 suitable for simple
and inexpensive conversion to a F.M. Receiver as described in the March issue of
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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.

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

Keep the volume control set 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 AYC

action and ovzrloading.

ALIGNMENT TABLE.

ign. Test Ins. Calibrati .
?r:;ar; Co:-xec;\sto Frequency Band agcglaemn Circmfif to Adjustment Ad|u57. te
Order Receiver. Setting. Setting Setting. Adjust. Symbol. Obtain.

] 6JBG Cap.* 455 kc. Broadcast 0° 2nd LF TFrans. Core L36 Mazx, Peak

2 618G Cap.” 455 ke, Broadcast 0° 2nd LF. Trans. Coe L35 Max. Peak

3 6J8G C:E.' 455 ke. Broadcast 0° Ist 1.F. Trans. Core L34 Max. Peak

4 8J8G Cap.* 455 ke Broadcast 0° kst LF. Trans. Core L33 Max. Psak

Re-check 1. 2 3, and 4.

5 Aerial 600 ke. Broadcasi 19° Oscillator? Core L3I Calibration

b Aerial 1500 kc. Broadcast 168° Oscillator Cl4 Calibration

7 A::;:I 1450 kz B:Z:dc:s’ 158° Radio F"-r:quency C28 Max. Peak

8 Aerial 1450 ke. Broadcast 158° Aerial Cclo Max. Peak

Re-check 5. 6. 7, and 8

9 Aeria) 17.8 Mc. 22.3-17.7 Mc 8% Oscillator Core LI9 °| Calibration

] Aerial 17.8 Mc, 22.3-17.7 Mc i8° Kadio Frequencyt C26 Max Peak

" Aerial 17.8 Mc. 22.3-17.7 Mc 18° Aerial c8 Max. Peak

1?2 Aeriat 200 Me. 22.3-17.7 Mec 149° Oscillator ciz J Calibration

13 Aerial (52 Mec. 19.0-15.0 Mc 27° Oscillator Core L21 Calibration

14 Aeria) 118 Mc. 15.0-11.7 Mc 25° Oscillator Core L23 Calibration

15 Aenal 11.8 Mc. 150-11.7 Me 25° -Radio Frequencyt C25 Max. Peak

s Aerial 11.8 Mc. 15.0-11.7 Mc 25° Aerial Co Max, Peak

1 Aerial 9.5 Mc, 12.0-9.4 Mc 24° Osciliator Cora L25 Calibration

B Asrial 9.0 Mc. 97-3.6 Mc 156° Oscillator Cis Calibration

19 Aerial 990 Me 9.7-3.6 Mc 156° Rodio Frequency’ c27 Moax. Peak

20 Acriat 9.0 Mc. 9.7.3.6 Mc 156° Aerial Cs Max. Pesk

2 Acrial 4.0 Mc 9.7-3.6 Mc 19° Oscillator Core 127 Calibration

Re-check 18, 19. 20 & 21
2 Acriat 1.6 Mc. 4.0-1.5 Mc I 15° Oscillator Core 129 Calibration
23 Acrial 3.7 Mc I 4.0-1.5 Mc 163° Oscillator CcI9 Max. Peak
Re-check 22 and 23

Finally, re-check broadcast band. This is necessary only if the setting of Ci2 hbs been alfered

T Rock the tuning control back and forth through the signal.
* With grid clip connected.

A 0.001 uF capacitor should be connected in serizs with the “high™ side of the test instrument

The column headed "Calibration Scale Setting” refers to the 180° scale on the ganged tuning capacitor drive drum. In
taking readings on this scale, read from the right-hand edge of the pointer, that is, the edge nearest the rear of the chassis.

Check the setting of the drum before taking readings.
for fully closed

Tha zero mark should be opposite the pointer with the tuning capaci.

€K UP OPERATING LEYER

ADJUSTING Disg

HEIIQN SEALW -

WAIK LEVER:
CUAGRAM OF AUTO-SWITCH FITIED 10 TypE £ BARIQGRAM UMl

RUEBER BUSH

PHONO, MOTOR STOP ADJUSTMENT

The patent stop and switch is fully auto-
If stop fails to operate at finish of
record, there is probably insufficient friction
between lever A and lever B. This may be
rectified by turning the friction screw in an
anti-clockwise direction. If there is still in-
sufficient friction it may be that oil is pre-
sent on the felt friction pad. If so, remove
the pad and wash it in petrol to remove the
oil.

matic.

‘When the stop operates early, i.e., before
needle reaches the end of the record, the
trouble is either due to excessive friction or
to rubber bush on the trip lever being worn.
Friction can be reduced by turning the fric-
tion screw clockwise.

As this adjustment is very sensitive, the
screw should not be turned more than a
quarter of a turn at a time. Excessive fric-
tion may cause a knocking sound to be heard
in the loudspeaker and undue wear on the

records.

‘When the rubber brush iz worn this may
be turned around on its pin to expose a new
face to the striker.

CHASSIS REMOVAL AND REPLACEMENT

(1) Turn the Phono-range switch to the 22.8-
17.7 Mc position and then remove the
three control knobs from the front of
the cabinet.

To remove the two knobs at the side of
the cabinet, proceed as follows:

bly at two points—the sheath to the top
left-hand corner of the dial assembly
(viewed from the rear), and the core to
the band indicator. Loosen the thumb
screws at these points and free the cable
from the assembly.

Table Madel: (4) The chassis is held in the cabinet by four
The knobs pull straight off. Do not bolts. Remove these and withdraw the
loosen the set secrew in the lower knob. chassis from the cabinet.

Console Model: (5) Replacing the chassis in the cabinet is a

The %knobs are not removed but the
spindles to which they are attached are
parted at the couplings within the cabi-
net.

(2) Disconnect the dial pointer from the drive
cord, first unscrewing the thumb nut, and
disconnect the cable from the loudspeaker.

(3) Disconnect the Bowden cable which actu-
ates the band indicator on the dial scale,
The cable is connected to the dial assem-
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direct reverszl of the above instructions,
but care must be taken to connect the
dial pointer to the drive cord as follows:

(a) Turn the tuning contro! to bring the
ganged capacitor plates into full mesh.

(b) Connect the dial pointer to the drive
cord with the pointer in a position
opposite the setting mark on the dial
scale which is approx. 5/16in. to the
right of the 550 ke. ealibration point.

SIMPLE SHORT WAVE CALIBRATION
ADJUSTMENT

The short wave calibration may be adjusted
slightly, without removing the chassis from
the cabinet for full alignment, by adjusting
four cores, L19, L21, L2383 and L25 after a
station of known frequency is received.

The correct procedure is as follows:
(1) Set the dial pointer so that calibration
is correct on the medium wave band.

(2) To adjust the calibration of the 22.3-
17.7 Mec. band, tune in the known sta-
tion, and to shift the pointer position
to the left turn L19 clockwise or vice-
versa until the station can be tuned in
at its assigned frequency.

(8) The adjustments for the 19.0-15.0,
15.0-11.7 and 12.0-9.4 Mc. bands are
similar, using L21, 123, and L25 res-
pectively.
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FOR THE EXPERIMENTER

Sensitive Relay

The 6]5 or similar triode valve can be
connected up to provide a sensitive relay
control. The plate voltage is not critical
and should be adjusted to the value which
gives best operation.

The relay is actuated by touching the
control, whilst still standing on the
ground. This means that the unit can
be wired to window catches, door knobs,
etc., to make a sensitive burglar alarm.

6J50R
SIMILAR, TYPE

CONTROL
CONTROLLED
arcurT

(34
[

A 6J5 or similar triofle is suitable for actua~
ting the relay in this circuit.

Homemade Pilot
Light Socket

A handy pilot light socket can be made
up from the large type of grid clip shown
in the drawing. A 3/16 inch hole is
drilled in the top of the clip for the fila-
ment lead. A bakelite washer, { inch in
diameter, and having a 1/16 inch hole
is cused to prevent short circuits. The
filament lead is then threaded through
this, and soldered to form a ‘“knob,” en-
suring positive contact with the base of
the lamp. :

It will be probably necessary to slightly
bend the tips inwards to allow a firm
clamping of the pilot lamp screw bulb.

W BAKELITE WASHER
WITH Y16 HOLE

uEs

Y6 HOLE 1N
TOP OF CLIP

SOLDER
P4

o HEATERS

A large grid clip if modified as shown will
make a useful pilet lamp socket.
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By A. H. NICHOLLS, VK2NI

T Jo

LFT,

AuDIO
h 3 +200V

Here is the method of comnecting a tuning
indicator valve for use as a combined detector
and signal indicator.

Dual Use for Magic Eye

Many uses have been made of the ver-
satile “‘magic eye” valves in the past, and
here is one application which should in-
terest many experimenters. The types
6Eb, 6G5, EM1, etc., can be connected as
shown in the diagram to make a suitable
detector and yet still operate as a signal
indicator.

The valve can be mounted in the usual
manner on the front panel of the receiver,
but care should be taken to avoid over-
long leads, especially those from the
second LF.T. and to the audio output.

Ohm’s Law Reference Card

Here is a handy device to keep by
your side when doing any circuit cal-
culations involving Ohm's Law. Draw out
a circle on a piece of cardboard approx.
3” in diameter, and inside this transcribe
another circle about £” smaller.

Divide the circles into four quadrants
by drawing two lines at right angles
through the. centre point, and then sub-
divide each quadrant into three sections
as shown. This enables three differént for-
mulae to be written in for the I (Amps),
R (Resistance), E (Volts) and W (Power)
calculations.

;e/j TS -
e | R

,b Alm

dx/ %\

. DIAL LAMP
“rtupe HOLDER.
P mm— 5
-
BTip G 150ma
FLEX
LEAD

This diagram gives full details for construct-
ing a handy continuity tester.

Low Resistance
Continuity Tester

A simple continuity tester can be made
up by fitting a dial lamp holder in an
} inch piece of tubing. One connection
is taken direct to metal tip, and the other
to the heater voltage via the flexible lead
and clip.

By clipping this on to the heaters in

a receiver the continuity of coils, IF’s,

electrolytics, speaker fields, output trans-

formers, etc., can be easily and readily
checked.

Ohm’s Law calculations can be simplified by
the use of this card.

WING NUT SOLDER

AND STOVE
80oLY

/2 THICK
WODD BLOCK

HOLE FOR
LARGER OPENING

A SIMPLE VYCE

A makeshift vyce can be fashioned from
an old hinge about 3 inches long. This
is mounted on a piece of }-inch wood
with flat head wood screws. A machine
screw and wing nut then completes the
assembly and this handy vyce will be
found useful for all kinds of small work.
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Extremely erratic reception has been
evident on all bands during the past
weeks, and although many of our favour-
ite stations have suffered the ravages of
the Sunspot disturbances, many signals
are heard for bricf periods which do not
normally appear at these times.  This
sporadic reception is a feature of such
disturbances, and the Short Wave listener
should at all times be on the alert for
such signals.

There is no evidence at present that
this disturbance will end in the imme-
diate future, and no doubt in the com-
ing weeks we will receive many interest-
ing logs from our readers.

South Americans

We are now approaching the time of
the year when signals from the Central
and South Americas are to be heard at
ever increasing level, and would suggest
our readers pay particular attention to
the frequencies around 9000kc and those
in fact down to 6000 kc. The former is
a useful band in the afternoons. On
Sunday stations from those countries are
heard until closing at 4 p.m., and in some
cascs until as late at 5 p.m.

A few suggestions would be COBC 9363
kc; COCX 9270kc; COBQ 9236kc; COBZ
9026kc; COKG  8955ke; COCQ  8825ke;
COJK 8725ke; COCO 8696kec; COCH 9437
kc; all located in Cuba; HI2G 9223kc In
Dominican Republic, and that consistent
XEWW 9500 kc, together with XEFT
9548kec, XETT 9557ke, XEYU 9606 kc;
XERQ 9615ke, XEBT 9625ke, XEQQ 9680
kc, located in Mexico. We would be
pleased to hear your reports on any of
these stations, and in addition attractive
ards are reccived from many of these
stations.

DX Session

We would again remind readers of the
weekly DX Session heard from Radio Aus-
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Conducted by Ted Whiting
SUNSPOTS AFFECT RECEPTION CONDITIONS

tralia at 3.25 p.m. Sundays, the 25 metre
band transmission being excellent, and in
which some fine information is broadcast.
All times given are GMT.

We are indcbled to Graham Hutchings,
DX Editor of Radio Australia, for the
following dctails. ~ We' are giving the
times in Australian EST.

VPO3, Barbadoes 10605kec, is heard
rather infrequently until closing at 7.45
am. with broadcasts of topical sporting

events such as Cricket and Races. The
closing announcement states that VPO3
opens at 12.35 a.m. Sunday EST.
Jerusalem is heard now on 6075kc until
closing at 7 am., the 7220kc {rcquency
not now being in service. It is worthy to
mecention Lhat some reorganisation in the
Forces Broadcasting Service in Ialestine
has taken place, and as far as is now
known the 7220kc frequency is the only
one heard here at the time of writing.

READERY

Radio Australia

Mr. Rooke, Manly, N.S.W., informs us
that in a recent announcement over a
news session, a new Short Wave station is
being constructed at Perth, the power
10Kw. This will be used in service to
Northern Australia as a supplement to the
present 2Kw outlet.

OLR2A, Prague, is heard at 6 a.m. on
6010kc, news in Irench at 6.15 a.m. and
news in English at 6.45 am. and 8.45 a.m.
OLR2A fades at about 7 a.m. in these
parts.

HC]JB, “The Voice of the Andes” heard
well at Manly operating on 12455kc, 9970-
kc and 15110kec. At the time they were
participating in a special DX programme
from 4 p.m. until 10 p.m. New verifica-
tion cards are being issued by this station.

FZI, Brazzaville carries English necws
regularly at 245 am., 6.45 a.m., 8.15 a.m.,
10 am, 2.30 p.m. and 10.15 p.m., fre-
quencies in all cases is 11970kc and 9440kc.

Vatican City, HV], heard at the same
location at Midnight on 15095kc in Eng-
lish. The suggestion it that another fre-
quency of 9660kc is also used in parallel.

New Zealand Report

Mr. Fox, Dunecdin, reports some good
ones—reception in N.Z. being the S.W.
listener’s dream. Mr. Fox has logged over
800 stations and has verification cards

REPORTS

from some 500 of these. Among his log-
gings arc CS2ML Portugal, which is now
operating with 50 kw; Radio Douala, 7950
ke, heard well at 8 a.m.; LLG, Oslo, Nor-
way, 9610kc, 2.30 p.m.-3.30 p.m., with news
at 3 pm. LKQ, 11735k, is heard in paral-
lel with LILG, but suffers from American
interference at this time. Incidentally,
these stations are also heard at 9.30 p.m.

OIX2 9495kc is heard broadcasting a
church service at 4 p.m. Sunday, and OIX4
15190kc is good when not under inter-
ference from VLAG at the same time. The
location of these stations is, of course,
Finland.

HCJB Ecquador has been testing on
5995kc until 2 p.m., using a power of 500
watts—no chance of hearing this one in
Australia at this time.

Radio Tetuan, EA9AH 6067kc, opens at
3.30 p.m. Mr. I'ox reports that signals
are weak to fair.

Mr. Penhall of Merrylands sends in a
list of stations heard on a two valve
receiver, all on the speaker. These in-
clude HCJB Ecquador, 12455 ke, closing
at 3.50 p.m. and on 9958kc at 9.50 p.m.;
CKCS, Sackville, 15820kc, at 7.30 aam.;
OCT2, 9740kc, fair signal at 7.30 am,;
Radio Nacional de Espana, 9369kc, 6.30
a.m.; YVIRX, Venezuela, 4800kc, at mid-
night; YV5RM, 4970kc; I'ZI, Brazzaville,
11970 ke, 6.45 a.m.; CR7BV, 4870kc, prior
to 6 am. Very nice work,
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LISTEN FOR THESE STATIONS

Belgian Congo

Radio Congolia, OQ2RC, 8010kc, is now
on the air from 3 am.4.30 am. carry-
ing local programmes. Reports are re-
quested and should be addressed to P.O.
Box 63, Leopoldville, Belgian Congo.
OQ2RC, 15,325kc. is apparently in
parallel with the former mentioned fre-
quency and no doubt reports will be
appreciated on this outlet also.

Moscow

News and comment can be heard from
Moscow in their English transmission
opening at 1045 p.m. daily. This trans-
mission is carried on no fewer than seven
outlets operating on the announced fre-
quencies of 6160kc, 7200kc, 9540kc, 9570kc,
11720ke, 15170kc, and 17770kc. All out-
lets are heard at quite good level, no
doubt, owing to the higher power in use.
Many transmissions from Russia are to be
heard, but owing to the frequent changes
made by the Russian authorities, we hesi-
tate to mention them in these notes.

Latin Americans

From San Paulo, Brazil, ZYB8 is fair
listeninig at 8.15 p.m. on their frequency of
11765kc. This transmission is heard daily,
and in some locations may suffer from
interference from Eastern stations. This
station verifies with an attractive card.
The address is ZYB8, P.O. Box 252, San
Paulo, Brazil.

CE1190, Valpairaiso, Chile, on 11900kc
is audible at 9.30 p.m. after KWID closes.
This reception is, however, brief at pre-
sent, as the transmission fades out shortly
after. Next month this (ransmission
should be heard at increased level.

From Mr. Cushen, Invercargill, N.Z.,
comes the news that HI2T, Cuidad, Tru-
jillo, Dominican Republic, is heard on
9740kc until 3 p.m. daily at good level.
The frequency of this one has been
changed from 11900kc. HI2T has also
been heard opening just prior to 10 p.m.
at fair level.

Munich

The American Short Wave Station at
Munich has announced the following
schedules and frequencies, most of which
are to be heard in this country and which
will be heard at excellent level in the
coming winter:

6170kc .. .. .. .. .. .. 4am-5 am.

7250kc ..2.15 am.-3.15 am.,

515 am.-8 am.

9540kc .. . 915 p.m.-8 am.

11870kc .. .. 2.15 am.-8 am.

15150ke .. . 330 am.5 am.
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Asiatics

XURA, Taipeh, Formosa, has reverted
to the former channel of 7220kc after
being heard on 6150kc. The schedule is
7.30 p.m.-12.15 am. For those interested
in the lower frequencies, XURA also
operates on 670kc, 750kc, 1020kc, and
1190kc. The 750kc transmission is one of
100Kw and operates from 8.30 p.m. un-
til 12.40 a.m.

Voice of Free Indonesia is heard on
11855kc at from 9 p.m., carrying a pro.
gramme consisting of Western-type music
and news bulletins in Indonesian — very
good signal at most times.

The Macassar station so frequently
heard has changed frequency from 11000
ke to 10842 kc, operating at the same
times and the call is YHN.

Radio S.E.A.C.

The station of South East Asia Com-
mand, Kandy, Ceylon, is heard with a
fine signal on opening at 6 a.m. Indian
Time, 10.30 a.m. our time, the announcer,
Geoflrey Ellis, stating that transmission is
taking place on 17730kc, 15120kc, 9520ke,
6075kc and 3390kc. SEAC closes on Mon-
day at 2.15 a.m. and other days at 3 a.m,
The two former frequencies are very good
in the forenoon, 9520kc is fine in the
afternoon and the latter two at night,

All India Radio Schedules

The Summer schedule for All India Ra-
dio, Madras is 7260kc, Monday to Saturday
11.30 a.m.-1.30 p.m., Sunday 11.30 a.m.-
2 p.m.; 9590kc Monday to Friday 5 p.m.-
7.30 p.m., 830 p.m.-9.30 p.m., Saturday
5.30 p.m.-7.30 p.m., Sunday 5.30 p.m.-9.30
p-m.; 4920kc Daily 10 p.m.-1 am.

Austrian Heard

Further loggings from Mr. Cushen and
the DX Bulletin, to whom we are much
indebted, states that KOFA, Salzburg, is a
good one on 7220kc, from 4 p.m. daily.
This “Blue Danube Network” station,
operated by the Armed Forces Radio Ser-
vice, is much improved since the Jeru-
salem station on the same frequency
closed. News is heard at 4.30 p.m.

Norway

LLG, Oslo, Norway, is outstanding in
the new transmission. Using a power of
100kw, LLG is heard with musical pro-
gramme from 4.30 p.m.5 p.m., followed
by the time signal, news, and a devo-
tional broadcast, the station closing at 5.30
p.m.

Damascus

One of Mr. Cushen’s latest verifications
is from Damascus which states that the
station is only a temporary one using 500
watts. Three powerful transmitters are
under construction and should be in op-
eration in the near future. No doubt this
portends an extension of the service which
in the meantime is 8 p.m.-5 p.m., 10 p.m.-
11 p.m. and 2 am.-6 am. All programmes
are conducted in Arabic and the General
Director, Post Telephones and Telegraphs,
Damascus, Syria will appreciate reports on
the emissions.

Swedish DX Session

Radiojanst conducts a regular DX
session from Sweden, which is very in-
teresting. The transmission for Australia
is heard at 5.45 p.m. Saturday over SBO
6067kc and SBT 15155kc, for Europe on
Sunday 1 a.m. on SDB2 10780kc and SBT
15155kc, and finally for North America on
SBU 9535kc and SDB2 10780kc. Reports
on this transmission will be welcomed by
Radiojanst, Kingsgaten 8, Stockholm, Swe-
den.

Rhodesia

7QP, Lusaka, Northern Rhodesia opera-
ting on 9710kc is on the following schedule
1 am.-3 am. daily, with English pro-
grammes on Wednesday and Sunday. The
Sunday schedule is 7 p.m.-8.30 p.m., 1.30
a.m.-2.30 am. on 7820kc and 3940kc in ad-
dition.

Antartica

Another rare station mentioned in
Graham Hutchings' bulletin concerns
LQX, Guna Is., South Shetlands, no doubt
the station of the Argentine expedition
which was recently so much in the news.
LOX was heard at 3 a.m. on 1233kc in con-
tact with Buenos Aires, and from Decep-
tion Island a further transmitter was in
use with the call LQX2 on 14800kc and
heard at 4 am.

New Danish Stations

The Danish authorities are establishing
Short Wave stations which, is is tenta-
tively announced, will be in service on
April 1st, broadcasts to the East will take
place on 13 and 30 metres and to South
Americas on 30 and 40 metres. No times
or frequencies are yet available.

Monte Carlo on 6075kc, which has been
heard in this country, is to increase power
to 20kw in the near future.
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NEWS OF THE AMATEUR BANDS

Of practical interest to those breaking
into the new 144 Mcs band is the letter
received from VK2VW. An AR301 Dis-
posals VHF receiver has been modified for
this band, among other alterations being
the alteration of the IF channel to a fre-
quency of 6 Mcs. In addition, VK2VW
gives details of the beam he has erected
for the purpose. It is a 4 element array
consisting of a folded dipole, two direc-
tors and a reflector. The dimensions are
as follows; Front Director 35} inches;
Second Director 34} inches; Folded Dipole
347 inches; Reflector, 331 inches. Both
sides of the folded dipole are of the same
diameter, the spacing in this element be-
ing one inch. This is fed with 75 ohm
coaxial Cable.

The spacing between elements; 1st and
2nd Directors 16 inches; Dipole to Reflec-
tor 13% inches.

We would be pleased to hear of your
success with this array, Vaughan.

14 Mcs Activity

The 14 Mcs band has almost returned
to its old form, a few days during the
past month being the only ones clouded
over by conditions due to the sun spot ac-
tivity, many countries being heard for the
most part at good strength. During the
early morning Europeans have been break-
ing through very nicely, among them
G81G, G6XR, G8DG, GMSMN, with a
fair smattering of F’s, SM’s and I's. Good
contacts have been heard from time to
time, one excellent one between VK2AGU,
VK2NO, VK2AGW, VK2XG, VK2CM and
G8IG and later with G6XR. On this oc-
casion all signals were at good level,
VK2NO being especially plcased with the
new aerial he was testing.

American signals have been coming in
through the forenoon, while later in the
afternoon reception has beecn more or less
normal. More Europeans are heard from
about 5 p.m. but during the Contest
week-ends, conditions for European sig-
nals were difficult.

After the usual fade out at 6 p.m. the
band- comes to life at 10.30 p.m., and
among the stations logged at this post be-
tween that time and midnight are
OK4AM, AlY], TGY9RV, CTI1PM, CEI1AI,
CTISQ, YV5AY, VR3A, RV2, CE3CE,
LU9AT, ON4AR, ZDIBD, VR2AP, LASC,
LA3Q, VQBAE, VQSAD, PK3WG, ET3AF,
X7Z2MM, LU2BL, XE2AM, LU6A]J, VS2-
AL, VS82A0, ZC6AM, CN8AB, PAONG,
ZM6AF, and onc which does not look so
good to us, QY2AM, working at C7.

Ten

Very little listening has been done on
28 Mcs of late, but on those few occasions
on which the converter has been warmed
up it has appeared as though reception

RADIO SCIENCE, May, 1948

has been normal. Many Americans and
Canadians have been heard at excellent
strength and many of the local amateurs
are taking advantage of the conditions.
About 5 p.m. a few South Africans have
been heard but not at good level in our
case.

One point comes to mind, in that both
on Ten and Twenty many local contacts
are heard in progress often to the detri-
ment of the reception of good DX signals.
Quite a few amateurs have taken advan-
tage of the allocation of the 50-54 Mcs
band and use this convenient frequency
for their cross-town contacts. While there
are still a few operating on this band it
seems a pity that more do not take advan-
tage of the band and thus to some extent
relieve the congestion on the DX Bands.
The equipment is quite simple, and with
an efficient aerial system low power will
get results,

Forty

Unfortunately the 7 Mcs band is not
sufficiently wide to accommodate all the
stations which work thereon. Many of the
chaps who are doing a very good job with
stabilised VFO’s, but as usual there are
always the few who spoil anything. How-
ever despite the interference which can be
avoided, there is always some which is
quite unintentional and many fine con-
tacts are made. Quite a few networks have
been organised, during which some very
fine operating is performed.

Eighty

Some rumours of DX on 3.5 Mcs, none
heard here as yet, the only stations logged
being VK2, VK3, VK4, VK5 and many
ZL signals. Conditions are definitely on
the improve however, and when the static
has subsided no doubt some of this elusive
DX will be heard.

Few City amateurs use this band owing
to the prevalence of B.C. interference, but
the country boys are doing a good job
there. For cross country work, and even
interstate contacts, the 3.5 Mcs band takes
some becating in the autumn and winter.

MARINE RADIO

An interesting letter has been received
from Mr. R. T. Neal, Wanganui, N.Z,, in
which he recounts some of his interesting
experiences in receiving and reporting
Marine Radio stations. TFor the past two
years Mr. Neal has been reporting these
stations, and whilst most of the reception
is on CW, frequencies are allotted for
phone transmissions on 2012kc and 2045
kc. Over 30 stations have been verified
on the former frequency, the latter being
use mostly by trawler and base stations.
Many readers have receivers which will

CLUB

SHORT WAVE
LEAGUE OF W.A.

Secretary, Mr. F. R. Matthews,

24 Midgley Street,

Rivervale, W.A.

The Short Wave League of W.A. is al-
ways interested to hear from enthusiasts
and regular monthly meetings are held
at the office of Hale’s Reporters, Second
Floor, South British Chambers, Barrack
Street, Perth.

The cost of Life membership is 5/- for
those outside the metropolitan area of
Perth and for those residing within its
limits 6/-, and the official organ of the
League, “Radio Listening Post” is sup-
plied at a cost of 6/- per annum,

This is an excellent publication and is
a must for the ardent DX-er. Interested
readers may apply direct to the Secretary
or to Box P1179, G.P.O., Perth, W.A.

NEWS

N.S.W. RADIO DX
LEAGUE

Meetings of the above club are held
every Thursday at 520 Woodyville Road,
Guildford at 8 p.m. All interested are re-
quested to contact the organiser, Mr. B.
Penbhall, 2 Brady Street, Merrylands either
personally or by lctter, or at the meetings.

HURSTVILLE DISTRICT
AMATEUR RADIO CLUB

C.W.A. Rooms,

378 Forest Road,

Hurstville.

President: F. Tregurtha.

Secretary: C. Coyle.

With the re-issue of the Club’s Call Sign
VK2MZ, all members are busily engaged in
the construction of the new transmitter.
It is hoped to have this in operation in the
near future, when all old friends will be
contacted once again.

The last Field Day, which was held at
National Park proved very successful, and
during the day 10 contacts were made.
Plans are now being made to hold another
Field Day, and the date of this will be
announced as soon as finalised.

The Club meets on the Ist, 8rd and 4th
Tuesday of each month at the CW.A.
Rooms, 378 Forest Road, Hurstville. All
persons interested in radio are invited to
attend at the club rooms, and can be
assured of a warm welcome. Any further
information can be obtained by contacting
the Secretary, C. Coyle, 84 Carlton Cres-
cent, Kogarah Bay.

cover this band, and any queries and re-
ports will be welcomed both by ourselves
and Mr. Neal. Address your queries to my
address and I will send them to Mr. Neal
in bulk.
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MULTIPLE TRACK RADAR RANGE

(Continued from page 14.)

the high-frequency counterpart of Loran,
and uses frequencies in the vicinity of 80
Mc. Each combination of a slave station
with the master provides a serics of hypor-
bolic tracks, and thc usc of several slave
stations results in a lattice of intersecting
tracks. This lattice cxtends over a very
wide arca, and provides a “blanket” navi-
gational coverage of that area. A typical
Gee lattice is shown in Figure 4.

As has been mentioned, Gee was first
developed as a military navigational aid,
in connection with the blind bombing of
Europe. However, because of the exten-
sive coverage of a Gee system, and because
of its well-proven performance, wide fam-
iliarity with its techniques, and the exist-
ence of much Gee equipment, it is under
serious consideration in Europe as a sys-
tem of track guidance for civil aircraft.
Gee tracks are in no way dependent on
the laying down of overlapping radiation
diagrams or on any other technique in-
volving the comparison of signal inten-
sities.  Gec is a pulse system, and the
delineation of its tracks depends only on
the comparison of the time of lransmis-
sion of pulses from the master and slave
stations.

Pulse System Advantages.

Now it is casy to distinguish in the
aircraft betwecen direct pulses and those
duc to reflection fromn obstacles (these
always arrive after the direct pulsc). One
can be sure, therefore, of always using
the direct pulscs, and since we are con-
cerned only with the time of transmission
of these, variations in their intensity are
of no importance. Pulse systems of track
guidance are, therefore, free from those
serious disadyvantages due to reflections
and variations in signal intensity which,
as we have scen, arc inherent in radio
ranges. This point cannot be emphasized
too strongly.

The disadvantage of Gee for civil avia-
tion is that it does not lend itsclf readily
to the provision of tracks radiating omni-
directionally from an airport, a character-
istic which we have pointed out to be
increasingly desirable. The basic Gee pat-
tern is a lattice; to convert this into radial
track information requires a rather elab-
orate automatic computer in the aircraft.
This difficulty may prevent Gee coming
into general use as a track system for
civil aviation.

The “Omni” Range

The so-called Omni range, developed
under the guidance of the U.S.A. Civil
Aeronautics Authority, follows upon work
done in America on 2- and 4-course ranges
to opcrate in the V.H.F. band (199-150Mc).
It is a continuous wave system. The prin-
cipal idea underlying the devclopment of
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thc Omni range is the provision of a
system of tracks radiating omni-direction-
ally from an airport or other site.

The Omni range is based on a rather
ingenious principle in which two aerial
systeins arc used at the range station.
Acrials spaced a small distance apart are
used in onc system to radiate a modulated
C.W. signal in such a way that the phase
of the modulation received at a distance
is proportional to the bearing of the
rcceiving point from the station.  The
sccond acrial also radiates a modulated
C.W. signal, but the phase of this modu-
lation is the same on all bearings, and
provides a reference phase. By mcasuring
in the aircraft the dilfcrence belween the
phases of the modulations of the two
signals an indication of bearing from the
station is obtained. This measurement is
donc automatically and the information
presented to the pilot on a meter.

The Omni range should, thercfore, be
well capable of mecting the requirement
for numerous radial tracks.  Unfortun-
ately the necessary comparison of modu-
lation phases in the aircraft involves the
comparison of signal intensities, and
therefore, as we have already seen, is sub-
ject to all the difficulties arising from
the existence of reflected waves. Being a
C.W. and not a pulse system it is im-
possible to distinguish between direct and
reflected signals. The Omni range con-
scquently tends to suffer from those dis-
advantages of bent and split tracks which
we have alrcady discussed in connection
with equi-signal ranges. Satisfactory sit-
ing of stations may be difficult, and test-
ing of cach site lengthy and ecxpensive.

Australian Multiple Track
Radar Range (M.T.R.)

The Australian Multiple Track Range
(M.T.R.) is a development from the war-
tinie Gee system. It employs, however,
a master station and only one slave
station, and the separation between master
and slave is much less than in the case
of Gee. The resultant hyperbolic tracks
are very ncarly straight and radial at
distances from the station exceeding 10
miles. M.T.R. operates at a frequency of
about 200 Mec.

Being a pulse system, M.T.R. is quite
free from reflection cffects and siting dif-
ficulties for the reasons discussed in con-
nection with Gee, and it is capable of
high accuracy. Also, the tracks, as has
been mentioned, are very necarly radial;
they can be seen in Tigure 5. The dis-
advantages of M. T.R. in its present form
are that there are two rcgions about 180°
apart, where no tracks are obtained; these
arcas can be scen in Figure 5. Also, from
the administrative viewpoint, it is less con-
venicnt to operate two stations (usually

QUIZ ANSWERS

A.l. (¢) 1If you answered (b) you
would be partly right. A vertical
antenna has a “no-signal” area im-
mediately above it, and this fact is
used by pilots to ascertain their
exact position when homing on
broadcast stations using the radio
compass.

A2, (b). A3. (a).

A.4. (c¢). This is the term applied to
the resistors in such circuits,

A5, (b).

A.6. (c¢) and (d). The value (c¢) is
the minimum and (d) the maximum
accepted value,

AT, (c),

A.8. (c) The answer (a) is partly right
since there are two experimental FM
stations at present operating.

A9. (a). A.10.  (F).

A.11. (c) and (e). A2, (b).

A.13. (c¢). This feat was accomplished
in 1901 and the signal transmitted
between Poldhu, Cornwall and St.
Johns, Newfoundland, a distance of
2100 miles.

A.14. (b). Caustic soda is found in
the Edison alkaline cell, and
(d) sulphuric acid is found in the
lead cell.

A.I5.  (c).

4

IS THIS A RECORD?

As expected, the recent descrip-
tion of the converted radar receiv-
er to tune in the experimental
FM station has created no small
amount of interest. {

One of our readers, Mr. Wild
of Manly, recently informed Mr.
C. Slade, of Slade’s Radio Pty.
Ltd. that he made the necessary
alteratians and additions, includ-
ing the installation of the aerial
in SIX hours and is very happy
with the results.

We would appreciate hearing
from any reader who has built
up this receiver, and not yet writ-
ten in, giving details of results
obtained with it, etc. z

. e

-

about 10 miles apart) than one which
can be situated right at the airport. How-
cver, there are probably no insuperable
difficulties in overcoming these defects.

Choice TFor International Use

At the 1946 mecting of 1.C.A.O., al-
ready mentioned, the Omni range was
sclected for standardisation, for the time
being, as an international track guidance
system. The particular category defined
by I.C.A.O. into which fall those track
systems we have described (and also the
system of distance mcasurement) is known
as Short Range Aids to Navigation,

However, I.C.A.O. at the same time re-
commended that intensive development to
improve track guidance systems should be
procecded with. These recommendations,
it should be pointed out, leave each mem-
ber coun:ry free to pursue its own policy
regarding navigational systems for internal
use.

(To be continued.)
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jecénica/ BOOK REVIEW

UNDERSTANDING
MICROWAVES.

By Victor J. Young. Published by John
F. Rldcr, Publishing Inc. Stiff cover. 385
pages. Price approximatcty 48/- plus post-
age.

The title of this book “Understanding
Microwaves” is actually synonomous with
the aims of the Author—that is, to dis-
seminate knowledge of microwave tech-
niques to the reader having a non-mathe-
matical background.

To cnable the book to be widely read,
the subject has been presented without
resort 1o complicated mathematics, yet in
no way has the accuracy of text been
sacrificed.  Where mathematical explana-
tions arc necessary they have, for the most
part, been relegated to footnotes at the
end of cach chapter thus providing the
serious student with additional material.

The book comprises a total of cleven
chapters and covers inm a clear, under-
standable fashion, such topics as Ultra
High  TFrequency Concept, Stationary
Charges and Magnctostatics, Alternating
Currents and Lumped Constants, Trans-
mission Lines, Wave Guides, Resonant
Cavitics, Microwave Oscillators, Radar
and Conununication, Antennas and Poynt-
ings Vector and Maxwell’s Equations. The
inclusion of this latter chapter in an ele-
mentary text book is rather unique and
whilst in some respects necessarily incom-
plete, it is extremely important in view of
most text explanations Dbeing based on
Electrostatic and Electromagnetic fields.

Of particular interest are the Micro-
wave terms and theorems presented in
Section 2. These definitions will un-
doubtedly be of great value to all having
any interest in this branch of radio de-
velopment.

Whilst it is not claimed that this book
will give the rcader a complete knowledge
of Microwaves, it is possible for the en-
gineer and layman alike to obtain from
it a sound working knowledge of this
somewhat complex subject.

REFERENCE DATA TOR
RADIO ENGINEERS.

(Second Edition). Published by Federal
Telephones and Radio Corp. Stiff cover.
322 pages plus index. Price approximately
18/- plus postage.

‘Whilst following the general arrange-
ment of the first edition, this new pub-
lication has been greatly cxpanded by
the edition of scveral new chapters, as
well as a subject index.

In all, it contains some 322 pages of
tabulated information and data, sub-
divided into sixteen main chapters. To
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provide the reader with more complete
information than that available in the
first edition, the new chapters added are
thosc dealing with Transformers and
Room Acoustics. This latter chapter
should be of interest to all sound engi-
ncers, some of the topics covered being:
Governing faclors of good acoustics, Com-
putation of reverbration time, and Electric
power levels for public address equipment.

In addition to general  engincecring
tables, there are scctions on audio and
radio design, valves and rectifiers, R.F.
transmission lines, radio propagation and
noise measurement, wave guides and reso-
nators (including formulas of both rec
tangular and cylindrical types). A com-
prehensive section on mathematical tables,
ctc., all add to the value and uscfulness
of this book.

Although the text is quite up to date,
one point to be mnoted is that American
units arc used throughout. Since in some
cases these are not indentical with the
British counterparts, it will be necessary
before use to apply correction factors to
some of the numerical data.

In conclusion this book contains a wide
range of valuable information and is a
publication which should find a rcady
place on every radio engincer’s desk.

RADIO ENGINEER’S POCKET
BOOK.

By F. J. Camm. Published by George
Newnes Ltd. Stiff cover, 144 pages. Price,
approx. 5/6d., plus postage.

This vest pocket book has been pro-
duced to meet the needs of all thosc en-
gaged in various branches of radio. In
addition to containing the usual compre-
hensive list of formulae, and general radio
tables, much other interesting information
is included. The very complete index is
fully cross-referenced and this will enable
the user to rcadily trace any information
he requires.

Actually, this book may be considered as
an “In the pocket” reference library for
the radio technician and as such should
find rcady acceptance by those who re-

quire on the spot availability of such in- .

formation.

%All copies from Angus & Robertson Ltd,,
89 Castlereagh St., Sydney.

SUBSCRIBE NOW,

Make sure you receive every copy of
“RADIO SCIENCE' by placing a defi-
nite order with your newsagent.

If you prefer, subscriptions may be
made direct to our office—Box 5047,
G.P.0., Sydney.

Subscription Rates ar 12/- per yeeor
or 21/~ for two years post free to any
address in the Commonwealth.

RADIO ENGINEER

THE AUSTRALIAN SHORT WAVE
HANDBOOK. A Handbook of Short
Wave technique and Call Signs for

Australian conditions, 120 pages,
illustrated. 1947. (post 3d.)
AUSTRALIAN OFFICIAL RADIO

SERVICE MANUAL., Volume 5:
Circuit Book of Standard 1946 Receiv-~
ers. 376 pages. 1947. 15/- (post 7d.)
PHILIPS MANUAL OF RADIO
PRACTICE FOR SERVICEMEN.,
Compiled by E. G. Beard. A valuable
book of reference for every service-
man, engineer, experimenter, amateur
and student. 496 pages, illustrated.
1947. 22/6 (post 10d.)
RADIO ENGINEER’S POCKET
BOOK. By F. J. Camm. Produced
to meet the needs of those engaged
in the wvarious branches of radio.
8th edition. 144 pages. 1946.

5/6 (post 4d.)
PRACTICAL WIRELESS SERVICE
MANUAL. By F. J. Camm. A com-
plete work on the testing of all types
of wireless receivers and the remedy-
ing of faults in them. 288 pages, 221
illustrations. 1946. 13/9 (post 6d.)
WIRELESS SERVICING MANUAL.
By W. T. Cocking. This book deals
with the location and cure of the
hundred and one defects which can
develop in a receiver and its asso-
ciated equipment. 328 pages, 123
figures. 1945. 17/9 (post 4d.)
APPLIED RADIO. 3 Volumes. By
the Technical Staff of Coyne Electri-
cal and Radio School. A set of com-
plete practical shop tested books for
home study and field reference. 1008
pages, fully illustrated. 1947.

87/9 (post 1/6)
DRAKE'S CYCLOPEDIA OF RADIO
AND ELECTRONICS. A reference
and instruction book on radio sound

systems, television, electronic tubes,
electronics in industry. Illustrated.
1946. 42/- (post 1/3)

THE CATHODE RAY TUBE HAND-
BOOK. By S. K. Lewer. A simpli-
fied study of how the Cathode Ray
Tube works. 100 pages, fully illus-
trated. 1945. 9/- (post 3.d)
THE PRACTICAL RADIO REFER-
ENCE BOOK. Edited by Roy C.
Norris. Presents concisely and lucidly
a mass of practical and theoretical
data for radio men. 288 pages, over
250 line diagrams. 13/9 (post 8d.)

ANGUS & ROBERTSON LTD.

89 CASTLEREAGH ST., SYDNEY

47












	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part1 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part1
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part2 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part2
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part3 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part3
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part4 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part4
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part5 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part5
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part6 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part6
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part7 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part7
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part8 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part8
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part9 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part9
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part10 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part10
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part11 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part11
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part12 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part12
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part13 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part13
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part14 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part14
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part15 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part15
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part16 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part16
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part17 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part17
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part18 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part18
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part19 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part19
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part20 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part20
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part21 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part21
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part22 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part22
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part23 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part23
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part24 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part24
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part25 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part25
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part26 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part26
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part27 - Copy
	Radio Science (Aus) - Vol 01 No 04 - 1948 05 - Lifeline - Complete - As Scanned - Double Pages_Part27

