k SEPT. 1946‘

TS \HE COMMUNICATION SYSTEM




Advertisements

The * Flexilant ** Mounting of which
several vancties are illustrated here s
80 accurately made that ity displacement
under load can be calculated to within
010" of requirements. The series s
designed to carry loads of from 1 to 45 lbs
per mounting and these may he arranged
with bolt axis at 90° to position, ar the
complete mounting may be inverted.  The
mountings can be supplied with or without
holder and they can be arranged so that
two utilize the same bolt.

We should appreciate the opportunity of
helping with your vibration problems.

y N

. A A St 4 A
- Bzt b & >0)

Wireless World

-

September. 1940

ol

L




September, 1946 Wireless World Advertisements 1
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Regd. Trade Mark

PRECISION
TESTING INSTRUMENTS

IGH accuracy, simplicity, excep. !.
tional versatility and proven reliability |

have won for ‘“AVO” Instruments a

The MODEL 7 50-Range Universal

AVOMETER

wherever rapid precision test work is Electrical Measuring Instrument

° . * A self-contained, precision moving-coil instrument, contorming to
demanded' There 18 an AVO lnstru- B.S. 1st Grade accuracy requirements. Has so ranges. providing

. R for measuring A.C. & D.C. volts, A.C. & D.C. amperes, resistance,
ment for every essential electrical tesl. cepacity, audio-frequency power ‘output and decibels. ~Direct

world.wide reputation for supremacy

readings. No external sh or series r Provided with
automatic compensation for errors arising from variations in
temperature, and is protected by an automatic cut-out against
damage through overload.

Seis Proprietors and Menufacturere
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD,, Winder House Dougias 8treet, London, 8.W.1, 'Phone : ViCtorio 3404/8

pubilafolal fulololR R tatal
FHA it SO ERIORD

Now in full peace-time production, Gardners are still combining the skill of their engineers and
operatives with the best of materials to give the Radio and Electronic Industry the finest range
of Power Transformers. Now numbering 34, they are all different as regards their secondary
outputs and tappings. No difference though in their fine Quality, Dependability, and first-class

Workmanship—these remain, as always, their constant factors. There is a Gardners Power
Transformer to suit the job you have in hand or the one you are planning.

Write to-day for full data and specifications. If

you have a problem regarding Transformers, please
consult us—our experience, developed over many
years, Is at your disposal. [; A “ ]] N E “ S
Gardners “ SOMERFORD ** Power Transformers

are available also through our accreditetc,l Stockist
Wholesalers, a list of whom will gladly be sent on
request. TRANSFORMERS & CHOKES

Gardners Radio Ltd., Somerford, Christchurch, Hants. Tel.: Christchurch 1025

IO IPIIIIIIEY
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 PERTRIX
'; REDRESSED

|

METAL RECTIFIERS
for electrical ]
measuring insiruments

The addition of a Westinghouse Meral

Rectifier enables a D.C. instrument to be

adapted to read alternating current quan-

HEH
» . ) i
tities and, at the same time, retain all the Ill

l

advantages of the D.C. moving-coil

movement,

. . . PERTR!X BATTERIES have
Rectifiers are available for instruments

requiring an input of up t 500 milli-

, of war as more reliable, more
volts at currents of from 100 micro-

1

. emerged from the testing ground
' efficient than ever before. You
|

amperes up to 500 milliamperes and full

: . . will soon see them in the smart
details are given in descriptive pamphlet

new post-war pack shown above.
It denotes the finest battery

for radio use yet made.

No. MR3, a copy of which may be Il
obtained from Dept. W.W. ‘
|

Made in England by e

HOLSUN BATTERIES LIMIT
BRAKE & SIGNAL CO.LTD, 'TED

82, YORK WAY, KING’S CROSS, .ONDON, N.1. | K1/ Ry S5 LEIinh b

| = S R . .
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THE STANDARD OF TECHNICAL EXCELLENGE,
QUALITY AND RELIABILITY

Dubilier Capacitors fully justify the confidence placed in

them by leading designers and production engineers.

The Moulded Mica and Metallised Mica Capacitors are
small, light and dependable in arduous service and they
have excellent electrical characteristics.

The 635 is the smallest Moulded Mica Capacitor manu-
factured, and the 680 is particularly suitable for Television
or other,apparatus where higher voltages pertain.

The Protected Metallised Mica Capacitors are manu-
factured by a specially developed process and they
provide inexpensively a high degree of stability.

MAKERS OF THE WORLD'S FINEST CAPACITORS

DUBILIER

.

DUBILIER CONDENSER CO, (1925) LTD.,, DUCON WORKS, VICTORIA ROAD, NORTH ACTON, W.3
*Phone : Acorn 2241, *Grams : Hivoltcon, Phone, London. Cables : Hivoltcon, London. Marconi International Code.

-
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INTRICATE

BULLERS LOW LOSS CERAMICS

Wireless World September. 1946

PARTS

but not too
intricate
for

Bullers

Made in Three Principal Materials

FREQUELEX

An insulating material of Low Di-electric Loss, for Coil
Formers, Aerial Insulators, Valve Holders, etc.
PERMALEX

A High Permittivity Material. For the construction of
Condensers of the smallest possible dimensions.
TEMPLEX

A Condenser material of medium permittivity.  For the
construction of Condensers having a constant capacity at
all temperatures.

BULLERS LTD., 6, Laurence Pountney Hill, London, E.C.4

Telegrams : ** Bullers, Cannon, London **

Phone : Mansion House 9971 (3 lines)
.

%\
7;2@0;2(("

...with Sifam precision—
The ideal D.C. Radio
Service Tester. Longscale
3} Moving coil instru-
ment mounted on a black
bakelite base. The cir-
cular design allows ter-
minals to be well |
spaced, positivecontact
being obtained with-
out switching. Ten
ranges and a resistance
scale as follows :—
100 mV, 2, 6, 120, 300 |
Volts, D.C. |, 6, 600
mA, 6 Amperes D.C.
50,000 Ohms, 2,000
Ohmsat midscalereading.

w;%._:"r"éﬁém.w.
IFAM

1
ELECTRICAL }

YEZAIRS INSTRUMENT
SPECIALISED Cco,, LTD,,
EXPERENCE TORQUAY

THE P.A.10 PORTABLE AMPLIFIER

A portable 10 watts A.C. operated
Amplifier, with inputs for one
crystal or moving coil microphone
and one pickup. Output impedance
2.5, 7.5 and 15 ohms. Ideal for
Hotel paging systems, Dance
Bands, etc.

All BS.R. Amplifiers are built to
a scientific standard, by pioneers
in the art of Sound Reproduction.

BIRMINGHAM SOUND REPRODUCERS LTD.

CLAREMONT WORKS, OLD HILL, STAFFS. TEL : CRADLEY HEATH 6212-3
LONDON OFFICE : 115 GOWER STREET, W.C. TEL EUSTON 75&5
M-w.67
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CAPACITORS

PAPER
ELECTROLYTIC
MICA
SILVERED MICA
CERAMIC

‘...
DOA 0§t

A \
Ol uF

v.DC. WKG
s V.0C. WG J f"i

5 W
TYPE E'P 38 9o
2 \

/

¢

g ) ‘R
< . : ‘ . /

_THE TELEGRAPH COMRENSER CO.LTD.

oW 15108

RAD

NORTH ACTON - LONDO Telephone, ACORN 006!
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Moreandmore leading
manufacturers rely
on HY-MEG. . ..
. « « Wewill gladly
advise you

A copy of the recently printed Brochure “ Stability in j
* Insulation ”* will gladly be sent to those applying on 1
Business Heading or Card and enclosing 2d. to comply i ‘
with the Control of Paper (No. 48) Order, 1942. o

LEWIS BERGER & SONS LTD. (Established 1760) 35 BERKELEY SQUARE, LONDON, W.1
e Telephone : MAYfair 9171

MANUFACTURERS OF INSULATING VARNISHES AND ENAMELS

CELESTION

LOUDSPEAKERS | [| || : B

Chassis Diameters range from 5 : : ; |

. 23" to | 8 -.:‘» ' |

Power Handling Capacities range from 5 J
25 Watt to 40 Watt. s ‘ :

| il e 40

! * — B S

Celestion Limited ”d’t‘tad‘.o

Kingston-upon-Thames
Telephone : KINgston 5656-7-8 VIBRATORPACKS
PROMPT DELIVERY NOW ASSURED

MASTERADID LTD+ VIBRANT WORKS + WATFORD - HERTS
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METALLISED CERAMICS

for

Hermetic Seals and Soldered Assemblies.

FREQUENTITE BUSHES

Photographs (above) actual size,
| Drawings not to scale,
s..,.j S ND FAGE
V7 Ritaiseo, _AZTIEEID
, ¥
T -
- Tl Imen.
| |
Smm
™ Smem
l {
|
e R. 50636. R. 50728.
Code No. GCTBAOI.
——l
R 50650. | | Code nos. are those used in 1.5.C.Tech.C. R. 50764.
amm \ Specification No, R.C.L./330.11.
| Code No. | Jd
|GCTBDOL. '

PORCELAIN BUSHES

v | B | c | bl | ¥Fr ]| ¢ |

mins. | mms. | mms. | mms. mins. mms. mms.

TYPE CODE

R. 50734 | GCTBCoO1 20.3 1.6 3.8 6.4 4.6 5.5 3.0
‘ |
R. 50768 | GCTBCo2 203 | 127 3.8 6.4 4.6 5.5 5.1

R.50769 { GCTBCO3 20.3 | 15.2 3.8 6.4 4.6 5.5 6.4

R. 50770 | GCTBCo4 38.1 | 10.2 | 5.1 15.7 6.4 10.9 4.1

Q. 2092 | GCTBCo5 55.9 | 12.7 6.4 | 25.4 8.9 15.2 5.1

o —1C

Q. 1982 | GCTBCo06 78.7 | 15.2 6.4 | 38.1 89 | 253 | 5.1

END FACE METALLISED | |

For full information and prices please write to:

STEATITE & PORCELAIN PRODUCTS LTD.

STOURPORT-ON-SEVERN, WORCS. T'phone: Stourport Ill. T'grams: Steatain, Stourport.

S.P.40
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FROM AUG 1
OUR LONDON
ADDRESS IS

“Best suited " means an insulating sleeving

3
that meets every Service or general require- ‘ﬁy
.":_

. Y

ment. The DELAFLEX range includes | N.SF.—OAK SWITCHES
non-fraying Woven Fibre Glass and Tropical | N.S.F. Paper Capacitors, Silvered Mica Capacitors,
Grade ROLLED SILK in a complete range of | "V &"Wound. Resistors na'r‘:qu::’t'_“"‘e C°""°';H'
colours and in sizes from 0.5 mm. to 35 mm. -

Thus, a recommendation from De La Rue
Insulation Limited is unbiassed ... you get
the sleeving best suited to your needs, not |
only from the standpoint of efficiency, but of |
economy as well. Fullest details, samples |

and prices gladly sent on request. |

lelatlex

DE LA RUE INSULATION LTD|

84 REGENT STREET °* LONDON °* W.i
TELEPHONE H REGENT 2901|

Manufacturers
of
LOUDSPEAKERS

[ ]
LAMINATIONS
[ )
SCREENS
in

RADIOMETAL
[ ]
PERMALLOY

[ ]
== R O LLED S I 1K SILICONALLOYS
MET AL SCREENED

s vaanisweo corron  FLECTRICAL SOUND & TELEVISION PATENTS LTD.

WOVEN FIBRE GLASS 12, Pembroke Strest, London, N.1. Terminus 4356
e —— V AR NISHED ART SILK | ?/4._Mapor Way, Boro!l_agn Wood, Herts. Elstres 2138

e ——
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POINTERS FOR DESIGNERS

THE KTWwél

A screened tetrode with suppressor plates and with variable-mu
characteristics, the OSRAM KTW6I is specially suitable for use as
an R.F. or LF. amplifier in superhet receivers. Its outstanding
features include :—
High order of mutual conductance (2.9 mA/Volt) combined with low leakage
capacitance (0.0025 puF), which facilitates high stage gain.

Negligible distortion with the maximum signal likely to be encountered in
. practice. Conditions of use — as an LF. amplifier with screen dropping
resistance, and in conjunction with OSRAM frequency changer X6IM.

Marked improvement in signal to noise ratio, particularly on the short
waves, when used as an R.F. amplifier with fixed screen voltage.

A detailed technical data shzet is available on request.

Osram &G6E.C Osram

PHOTO CELLS CATHODE RAY TUBES VALVES

Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2,
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0ver prickly pear

or paddy field or
pasture-across all the
trackless wastes of
the world, you know

where you are with

WARCONI

MARCONI’S WIRELESS TELEGRAPH CO. LTD.

THE MARCONI INTERNATIONAL MARINE

COMMUNICATION CO, LTD. MARCONI HOUSE,
CHELMSFORD, ESSEX.

*

|
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MINIATURE WIRE ¢
WOUND RESISTORS

INSTR
® Surches Hw Housc

VARIABLE
ATTENUATORS

AR o
6 Lompany Juniec

i

PAINTON & COMPANY LTD ¢ KINGSTHORPE - NORTHAMPTON

—M.R. SUPPLIES Ltd.—

offer the tollowing brand new and reliable Radio and Electrical Material, Prompt
despatch. All prices net,
S8IGNAL GENERATORS. We confidently recommend the new BPL instrument
and have already supplied many of the large firma’ laboratories. Uperation 200/250 v.
A.0. Frequencies :—100/250, 250,650, 650/1,600 Kc/s. 1.6/4.5, 4.5/12, 12/30 Mc/s.
Accuracy 1 per cent. 1 volt in 10 uh.ms All ranges modulated to depth of 30 per
cent. by internal 400 c. oscillator (off switch provided). 6in. llluminated scale.
400 ¢. brought out tely. Donble £21 nett (desp. 2/6). Ex stock.
MEGQGERS. The ** Wee-Megger " by Evershed again in stock. Presaure 500 volta.
Range 0/20 megohms and inf. SBupplied with pocket and log books, £9 10s.
ROTHERMEL PIEZO-CRYSTAL PICK-UPS, new low prices :—8enlor, in black
bnkeme, 57/6. Also 8.8, with channel steel arm, 54/~, ROTHERMEL Sapphire
Needles, fine duction, 12/6. STROBOSCOPES (card-
board) showing 78, 79 and 80 r.p.m. on 50 c. viewing,.1/=,
METAL RECTIFIERS by STC (8efenium). \ll (or chnming up to 12 volts at 1.5 amp.,

12/6 ; 3 amp., 22/ ; 6 amp., 39'6 ; ., 48/6, These are all full-wave,
bndxe conne\:'.ed Suimble TRAVSFURMERS all with tapped primary, 200/250 v.
:—7, 11 and 15 v. at 2 amps., 20/-. :—8 and 14 v. at 3 amps., 32/

Sec. :—5, 12 and 17 v, at 6 amps., 49/6 (deup 2/-) These can be sold sepana.teh.
MILLIAMMETERS by Taylor. High.grade moving coil, 2}in, flush mtg. Deflection
0/500 milllsmps (can be deshunted for lower reading), 28/6.

VARIABLE RESISTANCES. Cressall wire-wound p'meters (or rheostats), 10 chms,
1amp., with knob, 5/6. SLIDING RESISTANCES, fully enclosed, U0 watt range :

4 ohins 5 amps, 10 ohms 3 amps, 50 ohms, 1.4 amps., 100 vhms 1 amp., 200 chms
0.7 amp. or 400 ohms 0.5 amp., any one, 27/6. Also 6 ohuins 10 amps (600 watts)
59/@ (desp. 3/-).

INSTRUMENT EKNOBS, 1}in. with 2in. skirt, brass bushed with }in. bore, with 2 set
screws, 1/3 each, 11/9 dozen.

POINTER KNOBS, brass-bushed, #in., 84. each, 6/6 doz.

LOUDSPEAKERS. We only offer the superior types. Vitavox High-fidelity P.M.

models, with high-flux ticonal magnets, 12in. die-cast chassls, 15 ohms coils, the
K12/10 (10 watt), £7. K12/20 (20 watt), £11 (desp. either 5/-). The new Gramplan
7 watt, 9in. P.M. 8peaker with either 2 or 15 ohms coil, 38/~ (desp. 1/6). The ideal
unit for born-loading. PROJECTOR SPEAKERS, large rauge in stock for im-
medlate delivery :—Vitavox 10 watt P.M. Unit (15 ohms) with 42in. all-metal round
Horn, £10 10s. (desp. 7/6). With 30in, all-metal square Horn, £8 17s. 6d.

(desp. 5/-). Units only :—Vitavox 10 watt, £8. G.E.C. 12 watt (with line transf.),
£7 10s. Reslo and Grampian 10 watt, £7 5s.

HAND MICROPHONES, ex-Govt., new. Superlor carbon type with press-switch,
5ft. lead and plug, 9/6.

FOR CALLERS ONLY

Large range of G.E.C.,, Grampisn and Vortexion POWER AMPLIFIERS, A.C. and
Mobile (12 v.), with or without radio stage, 15 watts to 50 watts, prices £12to £37 10s.
WAVEMETERS, ex-Govt. Class D Mk II, new, great bargain, £5 17s. 6d. Useful
range of ROTARY TRANSFORMERS.

Please include sufficient for despatch where not stated

M.R. SUPPLIES Ltd., 68, New Oxford Street, London, W.C.1

Telephone : MUSeum 2958




September, 1946 Wireless World Advertisements

WERB

are pleased
to introduce the

—J| \h\ Y /
‘ J \ AR
‘8 \'//
"

504"
COMMUNICATION RECEIVER

The new British made ‘504’ Receiver embody-

Some salient features : —

ing refi and technique resulting from Nine valves. Five switched bands.

close contact with war-time research. E Two R.F.and two L.F. Continuous coverage
stages, 30,000 to 600 Kc/s.

Unique unit construction gives great Crystal Filter, Sensitivity better than

mechanical rigidity. Precision type tuning 9 Noise Limiter. 2 microvolts,

mechanism, free from back-lash, effective B.F.O. “S" meter.

scale length of tuning dial is 36 inches per

band. For A.C. operation, 40 to 60 cycles, Specimen Receivers are on show at 14, Soho Street,

110 and 200/240 volts, London, W. |, and our Midlands Depot at 4|, Carrs

Lane, Birmingham, 4.
We are registering orders for delivery

August and September, Supplies will . .
be in strict rotation and early booking PRICE :  £48:10s.
is desirable. (PLUS PURCHASE TAX, £10:8:6)

Write for details of our registration arrangements, also brochure giving full technical data on the < 504."

DURALUMIN TUBE AERIAL RELAYS
For receiving and transmitting aerials.

In 8 6” lengths covering five and ten metre
radiators and reflectors. Outside diameter §”. X 13* high, low-loss construction, Contacts

Per 8 6" length...... 4s. 6d. take 4 amps R.F. Coil operation 4 to 6 volts
NOTE : CALLERS ONLY FOR THIS TUBE ! A, e £2.17s. 6d.
STAND OFF INSULATORS
For mounting aerial elements, etc. CO-AXIAL CABLE

Eddystone ‘*‘Beehive " type 916, height 24~ |s, 6d. g;—i?;e:u:ii;lergri:lh;r\‘le.cfn?l::::n;o:::?\:
Webb's **Heavy Duty,”” height 6* with clip

Stocks now available of new double-pole Aerial
Changeover Relay. Approximate size 37 x 23"

forl} tubs;Very trong, Ione Insulation path. 6. 6l Impedance 80 ohms. Per yard .................. Is. 6d.
(Mini fength supplied is 18 yards.)

AERIAL INSULATORS

Pyrex **Strain ** type, 3}" long . 9d. EDDYSTONE

Pyrex Heavy Duty, 6" long ............ccuuuen..... 6s. 3d. New [llustrated Eddystone Component:'Cata-

Pyrex *“Shackle ** or Egg Insulators for aerial logue now available, Post Free for 24d, stamp.

or guy wires

Write, phone or call—
Our” shop_hours*are 9 a.m, to 5, p.m,
(Saturdays, 9 a.m, to | p.m.)

14 SOHO ST.,LONDON,W.1. Phone=: Lerrard 2069 n u

IX
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SIT BAGK
AND RELAX...
REGEPTION WILL BE
FAULTLESS
IF YOU'RE USING

LT ACCUMULATORS

——H. T BATTERIES

il

facture electric fans up to
had special experience in

valve cooling and for ship |

The perfect pair fo
battery Radio sets

THE CHLORIDE ELECTRICAL STORAGE CO.
CLIFTON JUNCTION * NR. MANCHESTER

|
LTD.

15

Wireless World

Portable Electric Fans

S.E.M. design and manu-

September, 1946

5§ h.p. capacity and have
fans for searchlight and

ventilation.

Typical of the range is
the compact and portable
fan unit designed for
ship ventilation, This
“centrifugal” unit, with
fan mounted on the same
shaft as the motor, is
capable of displacing soo
cu. ft. of air per minute at 6 inches water gauge pressure.

In common with all S.E.M. machines, this fan is
manufactured to the highest standards of mechanical
detail and passes rigid inspection tests.

—SMALL ELECTRIC MOTORS LTD.—

have specialized for over 30 years in making
electrical machinery and switchgear up to |0kW
capacity. They are experienced in the design
and manufacture of ventilating fans and blowers,
motors, generators, aircraft and motor genera-
tors, high-frequency alternators, switchgear,
starters and regulators.
A subsidiary of Braadcast Relay Service Ltd.

BECKENHAM ° KENT

S.E.M. Portable Electric Fan for
Ship Ventilation

Ornnsnse
Weqo
CAPACITORS

*x CALCULATED TO ANSWER
THE MOST EXACTING DEMANDS

* FOR ALL RADIO
AND ELECTRONIC PURPOSES

WEGO CONDENSER COMPANY LIMITED
EIDEFORD AVE : PERIVALE + GREENFORD * MIDDX ° Tel. PERIVALE 4277

G
i

.qu
A
f -V

i

EDX2 I
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Sitvered Mica & losamic
CAPACITORS

wide range
of types
for all

purposes

UNITED INSULATOR GO. LTD., OAKCROFT ROAD., TOLWORTH, SURBITON, SURREY
Telephone : Elmbridge 5241 (6 lines) Telegrams : Calanel, Surbiton

Unsurpassed In Ceramics
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\\\\

The illustration shows
the comparative sizes of
a Goodmans IS in. and
12 in. Loudspeaker. You
already know the per-
formance of the famous
12 in. Now consider the
technical data of the
new IS in. model.

Overall Diam. 15 in.—
Overall Depth 8 in.
Fundamental Reso-

nance—ss ¢.p.s.
Voice Coil Diam—2 in.
Voice Coil Imped.—4

ohms at 400 c.p.s.
Flux Density — 14,500

gauss.
Max. Power Capacity—

25 W. peak A.C.
Net Weight—261b. 8oz.

I5/n

|LOUDSPEAKER

With an excellent re-
sponse up to 6,000 c.p.s.,
and an unusually high
power handling capacity,
this instrument sets a new
standard in Loudspeakers
for the Dance Hall, Rink,
Cinema and Heavy Duty
P.A. installations.

2
PRICE 518105 (subject)

-
7/9 CGOODMANS ronsoss

_Loudspeaker

QOODMANS INDUSTRIES LTD., LANCELOT RD., WEMBLEY, MIDDX.

Telephone : Wembley 4001 (8 lines).

Wireless World September, 1946

| ANNOUNCING

|

l
|
i

L
N

< T Connoisseus

NOW IN PRODUCTION

% Artistically designed — scientifically
developed. ’

% Light in weight—small in size.

% Constant Velocity type, response from
30 C.P.S. to 12,000 C.P.S. without objec-
tionable resonances.

% Weight of pick-up on to record 30 grams,
armature and needle weight .090 grams.

% When used on high fidelity reproducing
equipment the realism is amazing. y

MADE BY

A.R. SUGDEN & CO. (ENGINEERS) LTD.
BRIGHOUSE YORKSHIRE

R.F. ELECTRONIC VOLTMETER
By RADIO-AID LIMITED

29 MARKET ST., WATFORD, HERTS.

TYPE B. Full scale deflection 1 volt R.M.S,, four
ranges to 250 volts. 0

Standard Probe impedance 6 Mc/s_inJparallelgwith
3 pf thermal drift compensated.

. e Se——
TYPE B £42-12-0

Sole London Agents :

WEBB’S RADIO, 14, SOHO STREET, W.I.
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. /fﬂ(/’k :

Our products for the Radio
Industry range from the tallest
steel radio towers to 0.001 uF
capacitors. If you’re not inter-
ested in monsters or midgets we
make a lot of other things besides,
including every type of cable and
wire used in radio work.  You
get the benefit of 60 odd years’
research and manufacturing |

experience when you specify /

B.I. Callender’s. AT lge]

...‘ ». “,V "f“ L : l.'-',.'.'v" ‘ » .7“ X o . l
BRITISH INSULATED CALLENDER’S CABLES LIMITED
NORFOLK HOUSE, NORFOLK STREET, LONDON W.C2



16 Advertisements

m o nm

|\ W
.\ W AWM Y |

REDIFON |
G.12T

Transmitter

102 to 1200 Kilocycles ’

HE Redifon G.12 T transmitter covers the

very wide frequency range of from 102 to
1,200k /cs, divided into four overlapping bands
with continuous tuning throughout.

This transmitter is suitable for long-range air-
craft beacons and communications, for shipping
control and services, and general telegraphic
transmissions over distances extending toupwards
of 1,000 miles. The power is 2,000 watts on C.W.
or 450 watts telephony or M.C.W.

Many of these transmitters have been used on
arduous service involving continuous operation
at full load, with only one 3-hour break for
maintenance each three months. This is typical
of their overall reliability.

Wireless World September, 1946

B ERRY'S (SHORTWAVE) LTD.

have been appointed Distributors of

‘Labgear’

HIGH CLASS COMPONENTS
FOR EXPERIMENTAL ANO
AMATEUR TRANSMITTING
ANO SHORT WAVE WORK.

® Single section and Split
stator Transmitting Con-
densers.

@® Plug-in Inductances with
fixed coupling link.

@ Neutralising Condensers.

@ Transmitting Chokes.

@® Crystal Calibrators.

® Cathode Ray Viewing Units.

“Q-MAX'' SLOW MOTION OIAL
for Individual Calibration —

9~—I slow motion drive, Dial
engraved five blank scales and
one 0-180, with escutcheon, glass
and black fluted knob. 15 6
(Post 9d. extra) /

“Q-MAX' CHASSIS CUTTER
This cutter ends your tiresome

driiling and scraping.
10/6

For 1} in. holes (octal
base). (Post 9d. extra)

25, HIGH HOLBORN LONDON, W.C.1

(*Phone : HOLborn 6231) (Opp. Chancery Lane)

The extremely compact design of the Redifon

G. 12 T makes it suitable for mobile use, particu- |

larly in areas undergoing reconstruction. The
three bays take up a floor space of only 8 feet

8 inches by 2 feet 4 inches and the overall height »

is 5 feet 5 inches,

This transmitter is available for almost imme-
diate delivery. Further particulars can be supplied
on request.

REDIFFUSION LTD.

Designers and Manufacturers of Radio Communication
and Industrial Electronic Equipment.
Subsidiary of Broadcast Relay Service Limited,

CARLTON HOUSE, REGENT STREET, S.W.1

V"l y

A resistance of exceptionally robust
construction, wound on high quality
vitreous enamelled tubes. Nickel-
copper alloy wire is used for the
resistance. An ideal product for use in:—
LABORATORIES

TEST EQUIPMENT
BATTERY CHARGING

SPEED CONTROL, etc.

OLIVER PELL CONTROL L*

CAMBRIDGE ROW - WOOLWICH - S'E'I8
TELEPHONE : WOOLWICH * 1422
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'LINAGLOW LIMITED

e
(To meet the demand for various parts of the well-known R.A.F. PORTABLE\
DINGHY RADIO TRANSMITTER, which cost approximately £39 to manu-
facture, we are this month offering the Transmitter in the following sections and
components :—

CRYSTAL
500 Kc/s. Accuracy .0259%.
Mounted in bakelite holder
with two pin (3" spaced) fitting

erice 1076
Post paid

WOODEN BOXES
Cost 30/- to manufacture. Ideal ¥
for Tool Box or for storage of POWER PACK

Comprising: .'\-/ca,l\lr’espz};qfnt 6V6.—Crys- spare parts. Made of §” ply- Comprising: Hand Generator with handle

tal, 800 ke s. accuracy .025%—Variable ~Wood with hinged lid. Divided (300 volts 60 mA. H.T. and 6 volts 2 amp.
Condenserwuh Neon Raduatlonlndlcator into two sections 12” and 47 LT)—Voltage Regulator—Smoothing

—Litz Wound C°'|FS (lrg: EU“ %0"3 — wide. Internal dimensions o Rel i, |
Transformer — H.F. oke — Various 1637 x 12” x 93" dee nit — Relays — Electrolytic
e P
eCf:\densers god Res;)s;\?.csé 22/6 PRICE 5/6 Condenser, etc. PRICE 22/6
k Postage and packing 16 Postage 1/1 Postage and packing 1/6

LINAGLOW LIMITED, Dept. M.0.70, 34, OSNABURGH ST., EUSTON RD., LONDON, N.W.1 ("Siost"Siation ) Euston 2406 (6 tnes).

 Don’t play blind man’s buff

Quick identification of cables and components saves
labour, time and error. Lasso Identification Tapes
provide neat, legible markers that are quickly
applied at any point. They also make neat, per-
manent name tabs for marking furniture, containers,
plastics and tools. Lasso Tapes are supplied in
10 yard rolls, printed with your own inscriptions at
intervals spaced to suit diameters and other meas-
urements. Inscriptions cannot be erased. Lasso
Tapes are self-adhesive, resistant to water, oil, petrol
and solvents, and are tested for tensile strength,
durability and electrical resistance. An interesting
booklet is free on request.

LASSOVIC * LASSOTHENE - LASSOBAND - LASSOFIBRE
LASSOTHYL - LASSOPHANE - LASSOLASTIC

AS SO rrobucts

Pressure Sensitive Tapes
FOR SEALING, LABELLING AND IDENTIFICATION

TRADE MARK

Herts Pharmaceuticals Ltd., Welwyn Garden City, Herts  Tel.: Welwyn Garden 3333 (6 lines) (o
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READY., uaDY !

What a fine fumbling job it is, messing around with
dozens of tiny nuts and washers and bolts, picking up the nut, holding
the bolt with one hand while the other fiddles round the back to get
the nut on the thread. And dropsit! You know ! Spire solves the
problem. Spire U nuts slip into position over the bolt holes— no
washers needed with a Spire fixing, of course. So both hands are
free to put in the screws and once they're in, they're in for good.

Sounds easy _ « anditis easy!

W Vi

THAT'S Fixed THAT!
Here's a little chap in action
Reference No. NU 531, Its uses
are legion. Wherever there is
blind assembly work, wherever
your operatives are fumbling with
nuts and washers the NU S3i-
will sdve time and cost and a lot
of bad temper, Clip it into posi-
tion and it stays ' put ' unti! you
are ready to drive home the screw.
No washer needed of course,

A BETTER Way of Fixing

Simmonds Aerocessories Limited + Great West Road + London - 4 Company of the Simmonds Giroup
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Sealed VIBRATORS

OPERATE EFFICIENTLY UNDER ALL CLIMATIC CONDITIONS

Come rain, come shine, or any other climatic condition,

‘ Stratosil Sealed * Vibrators will continue to

Why? Oh!

Wearite

operate without trouble. We designed and

built them with just that end in view, and after

tests, specified the following as essentials . . .

and
TENHAM LONDON

-
O
-

o All steel construction — even the rivets — uniform ex-
pansion under temperature extremes ensured. @ Vibrator
acoustically and electrically shielded by Metal Can, sponge
rubber lined. ® Precious metal driving contacts — non-
tarnishable — ensure starting under the lightest pressures
and voltages. ® Contacts ground almost to optical limits.
o Stack assembly — mica and steel only used. @ Base sealed
by the WEARITE Stratosil process. ®Always keep going...

STRATOSIL Sealed VIBRATORS

SEND TODAY FOR FURTHER DETAILS, AND REMEMBER, WE ALSO MAKE
SOME OF THE BEST TRANSFORMERS, COILS AND SWITCHES.

WEAIRE

LIMITED

N.17 TELEPHONE1 TOTTENHAM 3847-9
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Monthly Commentary

Illicit Transmission

T had to come. Although we do not know, at
the time of closing for press, how complete the
ban on the sale of ex-Government transmitters

will be, it is clear that gear with enormous potenti-
alities for doing harm should not be sold indis-
criminately to all comers, as it has been during
the past few months. True, complete suppression
of sale to the public will not put an end to the
clandestine transmitter, but it will at least remove
an almost irresistible temptation from the path
of the irresponsible kind of person who is likely to
cause the maximum of interference to legitimate
services,

The position at present seems to be that, by
agreement between the Government departments
concerned, the sale of transmitters, at any rate of
certain classes, is to be discontinued, except under
conditions which reduce the risk of the sets falling
into undesirable hands. No doubt methods will
ultimately be devised whereby those qualified to
make legitimate use of the sets will be able to
obtain them. In the meantime, it seems likely that
a certain amount of hardship will be suffered. It
is a pity that the inevitable results of indiscriminate
sale were not foreseen, and proper steps taken
from the first to dispose of the sets to those who
could make good use of them, or at least of their
components. In particular, we can see no reason
why the offer of the Radio Society of Great Britain
to purchase sets on behalf of its members, made
some considerable time ago, should have been
flatly declined.

Guarantees

UTUAL goodwill between producer and
consumer is surely something to be striven
for. If that can be accepted as axiomatic,

it is to be regretted that, in framing the new
standardized form of broadcast receiver guarantee,

the British Radio Equipment Manufacturers’
Association has lost an opportunity to remove a
common cause of friction between seller and cus-
tomer. We refer to the clause which states that
the labour costs incurred in replacing a faulty
component may, at the manufacturer’s discretion,
be charged to the customer.

Not unnaturally, the owner of a receiver feels
aggrieved if he is charged an appreciable sum for
the replacement of a component that is admittedly
defective through faulty workmanship or materials.
His ruffled feelings are not soothed by the fact that
the replacement component itself has been given to
him without cost. He argues, with some force,
that the replacement was made necessary by an
admitted error of judgment or negligence on the
part of the manufacturer; why should he have to
pay?

We have little doubt that the offending clause
will in most cases be interpreted liberally, but
that is hardly enough. The question of mainte-
nance service is likely to assume particular impor-
tance during the early period of television
development. The revised form of guarantee
applies to television sets, and it is highly desirable
that the growth of the new art should not be
hampered by unsavoury squabblings over repair
charges. The whole matter should be put upon
a firm and equitable basis.

F.M. versus A.M.

“HE issue between F.M. and A.M. is one that
cannot be determined in the laboratory, but
only by widespread field test. Consequently,

the results of the B.B.C. frequency modulation
trials, described by H. L. Kirke (head of the
research department) in the current B.B.C.
Quarterly will be read with particular interest. The
general conclusion is very much in favour of F.M.
as a means of distributing high-quality noise-free
broadcasting.
c
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ARMY No. 10 SET

Some Details of the U.H.F. Equipment

IGNALLING Equipment No.
10 which forms part of the
Army Wireless Set No. 10,

was described under the title
‘“ Pulse Width Modulation’’ in

waveguides and coaxial cables.
The principles of waveguide en-
gineering and their uses in con-
nection with coaxial cables have
been dealt with in the issues of

=g

BAR MAGNET
ADJUSTMENT

SOCKET
FOR AERIAL
COAXIAL CABLE

RESONATOR
/” OISTON

DETAIL OF
MAGNETRON
ELECTRODES

AR MAGNET

Fig. 1.
with the magnetron in the sender.

This cut-away drawing shows the interior of the resonator used
The construction of the magnetron

itself is indicated in the inset-sketch.

the June issue of Wireless World.

It was explained how eight
audio-frequency channels were
made to modulate in width a
series of rectangular pulses in the
pulser or sending section of the
equipment and how the separator
recovered the audio channels from
the received width-modulated
pulses,

The width - modulated pulses
produced by the pulser are
used to modulate a magnetron
U.H.F. sender working at a fre-
quency of about 4,500 Mc/s.
The receiver is of the super-
heterodyne type and the pulses
in its output are passed to the
separator section of the Signalling
Equipment No. ro0.

It is the purpose of the present
article to conclude the account of
the 10 set with a description of
the U.H.F. sender, receiver and
aerial system.

It is usual in U . H.F. equipment
to conduct the energy from one
unit to another by means of

Wireless World for September and
October, 1944. Resonant cavities
are used in U.H.F. equipment for
tuning purposes in much the same
way as the more familiar tuned
circuits are employed at lower fre-
quencies.

These cavities are described be-
low in relation to this particular
equipment, but it is as well to
give some general remarks at this
point. The same principles apply
to them as to waveguides and it
is assumed that reference has been
made to the earlier Wireless
World articles. A resonant cavity
is merely a waveguide of a certain
length, usually a multiple or sub-
multiple of a wavelength, closed
at each end. Where such a cavity
is, say, one wavelength long and
energy of the appropriate fre-
quency is fed into it, this energy
will build up until quite large
amplitudes are obtained. It will
then be seen that if a cavity is
equipped with a movable piston
at one end it fulfils much the
same purpose as the more familiar
tuned circuit consisting of coils

An interior
various units are :

view of the trailer

|

q

e

of the No. 10 station. The

r e : A, waveguide matching sections ; B, duplicate sender
units ; €, duplicate receivers ; D, duplicate power supply units.

The

Signalling Equipment No. 10 consists of the pulser E, the monitor F, and
the separator G.
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and capacitors at lower frequen-
cies. Arrangements for feeding in

MAGNETRON OSCILLATOR

L
ATCHING

J—
eyt 7RON
s

=N
'} v

Fig. 2. Circuit diagram of the
sender including the modulator
valve which is fed with the
pulses produced in the pulser

unit.
T

and abstracting energy from a
resonant cavity are similar to

Interior view of the
receiver., The tuner 1is
just visible close to the panel

those used for the waveguides
treated in the

Wireless World

pending on the power
dissipated in the
material of which the
cavity is made and the
load to which it is
coupled.

The waveguides used
in this equipment are
of circular cross-section
and propagate H,
waves. Longitudinal
loops of magnetic lines
of force are formed in
this case also and the
transfer of energy along
the waveguide may be
considered as due to
the loops of magnetic
lines of force moving
down the waveguide.

A frequency of about 4,500
Mc/s is generated by a split-anode
magnetron valve. The use of the
magnetron valve in this connec-
tion has been described elsewhere,
but it is of interest
to note the con-
struction of the
electrodes which is
shown in the inset
of Fig. 1. The
anode segments
are arranged in
cylindrical forma-
tion, the cathode
lying along the
axis. The mag-
netic field required
to give the neces-
sary spiral motion to the electrons
is supplied by two cylindrical bar
magnets and the magnetron

283

The aerial system is mounted on the roof of
the trailer.

mounting allows the valve to be
rotated to a certain extent to
bring the axis of the cylindrical
anode parallel with the field. One
of the magnets has a micrometer
adjustment which enables the
strength of the magnetic field to
be varied, to suit the particular
type of valve employed.

Energy is extracted from the
magnetron by arranging that it
lies in a rectangular cavity. This
cavity is tuned to resonance at the
frequency of the oscillator by an
adjustable piston. The central
conductor of a coaxial line crosses
the cavity at a distance approxi-
mately one-quarter wavelength
from the end and this picks up
energy which is conveyed by the
coaxial line to the aerial system.
The impedance of the coaxial line
is matched by an adjustable pis-

earlier articles.
The tuning cavities
are of rectangular
cross-section  and
are designed for
electromag-

mode. It will be
remembered that
for H,, waves
longitudinal loops
of magnetic lines
of force are formed
and electric lines
of force stretch
from one side of
the enclosure to
the other. In a
resonant  cavity,
the loops build up

U.HF. SIGNAL
TUNING PISTON

COAXIAL LINE CONNECTION

netic waves of H, a"“f,,'l‘, ﬁﬁ'{k"“

ANODE-GRID BRIDGE

OSCILLATOR COUPLING
ADJUSTMENT

N

GRID-CATHODE BRIDGE S i 3

GRID LINE
ANODE LINE

CATHODE LINE
HEATER CONNECTION

MIXER CAVITY

LF. OUTPUT
CRYSTAL MIXER

UHF. INPUT
FROM AERIAL

GRID CONNECTION

T 17 OSCILLATOR

CATHODE
CONNECTION

MICA INSULATING RING

ANODE
CONNECTION

to form standing
waves, the ampli-

Fig. 3.
tude reached de-

Construction of oscillator and mixer used in the receiver is shown here.
oscillator is a triode and the third harmonic of its output is fed to the crystal mixer.

The



284 Wireless World September, 1946

Army No. 10 Set —
ton in a cavity into which the
centre conductor extends on the

a mixer cavity or resonator, from
a coaxial cable, the centre con-
ductor projecting into the cavity

quency is tuned by a resonat-
ing cavity instead of the more
familiar coil and capacitor. It is

Fig. 4. (_Zircuit 'of the receiver. The mixer is followed by a wide-band
L.F. amplifier with diode detector and a V.F. stage. The output pulses are
fed to the separator.

CDAXIAL CABLE TD
WAVEGUIOE MATCHING PISTON

CRYSTAL

LRYSTAL
HOLDER

FIXED

ANODE - GRS
BRIDGE

RF WAVEGUIDE
TUNING BRIDGE

T 1 1
A 1F s 1

e 1k
1t L

—t AH

it HH it

1FINPUT
45 Mc/s

11

1t m
i

—1!—1 -[—'
1

1
.
oWl

1t l— it -[—<
I I

-

side of the resonator opposite the
point where the coaxial line
enters.

The manner in which the mag-
netron is modulated may be un-
derstood from the circuit of the
sender shown in Fig. 2. V, repre-
sents the oscillator and V, the
modulator. With no input from
the Signalling Equipment No. 10,
V, is so biased that it draws cur-
rent. The magnetron H.T.
supply is taken from a voltage-
dropping resistance R, common
to both valves and when V, is
taking current, the anode poten-
tial of V, is too low for that valve
to oscillate. The arrival of a nega-
tive pulse from the Signalling
Equipment No. 10 at the grid of
V,, however, stops that wvalve
from drawing anode current and
the consequent rise in the anode
voltage of V,, about 300V, is suffi-
cient to s¢tart the magnetron
oscillating.

The output of the Signalling
Equipment No. Io consists of a
series of negative-going pulses and
thus the output from the sender
consists of corresponding pulses of
U.H.F. energy.

At the receiver (Fig. 3), the
input from the aerial is fed into

about } wavelength from one end.
Energy from a local oscillator
is similarly fed into the cavity at
the other end. A crystal detector
mounted across the cavity, i.e.,
parallel to the direction of the
electric field, rectifies the oscil-
lator and signal frequencies, thus
producing a difference frequency
(i.e., signal frequency minus oscil-

The sender has
its own built-in
power supply unit.

lator frequency) of about 45 Mc/s
which is amplified by an IL.F.
amplifier. It will be seen that
there is nothing fundamentally
different between this circuit and
that of an ordinary superhetero-
dyne receiver. The signal fre-

also interesting to notice that the
principle of heterodyning applies
also at these frequencies although
the arrangements required to
carry it out are somewhat differ-
ent.

The local oscillator uses a
miniature-type triode valve oscil-
lating at about 1,485 Mc/s. The
third harmonic of this frequency
is used to mix with the signal fre-
quency. The
arrangement of the
oscillator itself is
very similar to that
of the familiar
triode oscillator
tuned by a Lecher-
wire system, the
difference in this
case being that the
wires are replaced
by concentric
cylinders. Such an
arrangement con-
stitutes a system
of concentric lines which are
tuned by movable pistons, the
pistons being the analogue of the
movable  bridges used with
Lecher-wire tuning. For this rea-
son they are referred to as bridges
in Fig. 3. The necessary feed-
back between the anode-grid lines
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and the grid-cathode lines to cause
the circuit to oscillate is provided
by internal capacitance in the
valve. The coupling between the
mixer cavity and the cavity be-
tween the anode and grid lines is
by means of a concentric feeder,

Wireless World

citance diode V, acts as detector
and this is followed by an ampli-
fier V, and a cathode-follower
stage V,,, the latter giving a low
impedance output required to
match the input of the Signalling
Equipment No. 10. This output

285

ble waveguide connects the mirror
to a waveguide matching section
just below the trailer roof and a
coaxial cable connects the match-
ing section to the sender or re-
ceiver. The waveguide enters the
centre of the mirror at the rear

] w +300V.
i '\“
= 10
SEPARATOR
|
w |
—4
- - /
= GAIN
CONTROL BIAS
% -50V.

the centre conductor extending
into the mixer and oscillator cavi-

PARABOLIC MiRROA
o
‘}lllll( WAVEGUIDE

AEFLECTING
PLATL

h

TRARER R0OF

stiorn oo Wtkwen
WAVEGUIDE
™ TSNTcHING

== SECTH

waTcHnG piston—""

Fig. 5. This sketch shows the

arrangement of the aerial

system. A paraboloid is ener-

gized by a waveguide having a

reflector plate opposite to its
open end.

ties at each end. The oscillator
coupling adjustment shown in
Fig. 3, by varying the extent
to which the centre conductor can
protrude into the oscillator
cavity, varies the amount of
coupling between the oscillator
and the mixer cavity.

The I.F. amplifier (V,-V, in
Fig. 4) is of conventional design
and similar to the television am-
plifiers met with in commercial
television receivers. A low-capa-

consists of a series of positive-
going pulses. Automatic gain
control is provided by the diode
V.., which rectifies part of the
output of the I.F. amplifier,
followed by the D.C. amplifiers
V,, and V,,. The control is ap-
plied direct to the screens of the

OUR COVER i

This month’s cover illustration
shows the parabolic reflectors
for the Army’s No. 10 set,
mounted on the roof of the
trailer. The half-wave dipoles,
located off the centre of
the paraboloid, are for
monitoring purposes

first three I.F. valves from the
anode of V.

The aerial system which is illus-
trated diagrammatically in Fig. 35,
comprises two parabolic mirrors,
one for the receiver and one for
the sender. These aerials are
mounted on the roof of a trailer,
the remainder of the equipment
being inside. The connection be-
tween each aerial and its sender
orreceiver is in two stages. A flexi-

and carries a circular reflecting
plate in front of its open end.
This reflecting plate lies in the
focal plane of the mirror. Inside
the trailer the waveguide termin-
ates in a matching section. This
consists of a rigid tube connected
at one end to the flexible guide
and closed at the other by a mova-
ble matching piston. The centre
line of a coaxial cable crosses the
tube in front of the piston which
can be adjusted to give the correct
impedance match.

This article is published by per-
mission of the Director General of
Scientific Research (Defence).

WIRELESS TELEGRAPHISTS'
HANDBOOK
THE eighth edition of the ‘*Hand-
book of Technical Instruction
for Wireless Telegraphists,”” by
H. M. Dowsett and L. E. Q.
Walker, which first appeared in

- 1913, was recently published from

the offices of Wireless World. In
addition to providing a complete
theoretical course for the P.M.G.
certificate for sea-going wireless
operators, the Handbook, which
costs 30s, gives practical details on
the installation and maintenance of
marine radio equipment. It con-
tains 668 pp. and includes 618 illus-
trations and diagrams.
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RADAR IN NATURE

Pulse Technique at Supersonic Frequencies

HE original plan of this

article was that it should

give a general description of
an acoustic system analogous
to radar, for the benefit of any
Wireless World readers who might
care to construct a model radar
system. Only in such a way can
the home constructor work in the
radar field, for the power required
for radar working is quite prohibi-
tive even if many other practical
difficulties did not exist. Un-
fortunately, the writer has had no
opportunity of making such an
acoustic model and was still nerv-
ous lest he should be asked for
more details, when a most interest-
ing paper! appeared on the acou-
stic equipment of bats which sug-
gested a broader treatment.

Immediately, it must be ex-
plained that there is no sugges-
tion that readers should become
bat-fanciers: such a sug-
gestion would probably
cause a deputation of
readers’ wives, led by Mrs.
Free Grid, to storm my
attic in Pimlico. Equally,
however, there is no sug-
gestion that the younger
readers should not take
twilight walks along se-
cluded lanes to study the
habits of bats.

The interesting thing
about bats to the radio
engineer is their habit of
flying about at full speed
in dim lights. In fact,
they can fly perfectly
safely in total dark-
ness. This apparent reck-
lessness, however, does not
lead them into constant
collisions with the many
obstructions which might harm
them: even telegraph wires do
not seem to constitute a hazard.
To explain this behaviour it was
suggested in 1920 by Professor
Hartridge that bats were fitted
with what would now be called
a sonar system. Quite recently
it has been shown that this is in

! Nature Vol. 156, p. 490 (1945). (This paper
has a list of 14 references which can profitably
be consulted.)

By THOMAS RODDAM

fact the case, and that bats are
equipped with a very efficient sys-
tem for blind flying. This equip-
ment is sometimes unserviceable,
and a particular form of unser-
viceability occurs when the bat
has a cold in the head, a disorder
common in all animals kept in
captivity, such as members of the
Government Scientific Service. If
a bat is deafened by plugging its
ears it also loses the use of its
blind flying system.

In flight a bat may, according
to Hartridge (loc. cit.), produce
any of four different kinds of
sound :

(1) A buzz of about 12-60c/s;

(2) A tone of about 7,000c/s
and lasting for about a quarter of
a second. This is probably used

. 0.001I

SEC.

Oscillogram of supersonic cry of a bat taken by
Dr. D. R. Griffin of Harvard University.
horizontal sweep motion is from left to right.

as a communication channel to
enable messages to be sent to other
bats.

(3) A supersonic tone usually
about 40-50c/s, but sometimes as
low as 30kc/s or as high as
7okc/s. Pulses of this tone, each
lasting about 1,1,000th second, are
produced and normally twenty or
thirty pulses per second are
emitted. At rest the rate falls to
5-10 pulses per second, while when

there is an obstacle immediately
ahead the rate rises to sixty pulses
per second,

(4) A click, which is probably
a single pulse of the supersonic
tone.

The mechanism which produces
these various sounds is outside the
scope of this article: it is dis-
cussed in the paper referred to
above. A further discussion of
the click appears in a later paper?
and a letter’. Details of the
various theories will not be given
here, as the evidence does not
seem to be sufficient to enable any
really final conclusions to be
drawn. There is also some con-
flict of opinion about just how the
sound is radiated. Hartridge con-
siders that it is emitted from the
nose of the bat, while Griffin is
convinced that the mouth is
used. It would perhaps be un-
kind to suggest that there
is some difference between
Harvard bats and London
bats in this matter. Many
bats have snouts so
shaped that fairly good
beaming of the supersonic
tone would be obtained,
thus giving a useful power
gain in the direction of
dangerous obstacles. In
addition, as the bat uses
its ears for reception and
direction finding, beaming
of the signal reduces the
level of the direct sound
and thus prevents the
echo being masked by a
strong transmitted pulse.
There is almost certainly

The  some additional protec-
tion provided which de-
sensitizes the hearing

while the pulse is being emitted.
The receiving system is also direc-
tive; a large flap extends from the
side of the bat’s head behind each
ear, providing considerably in-
creased sensitivity in a forward
direction.

It is interesting to note that the
sonar system used by bats is just

* Nature Vol. 158 p. 46.
3 Nature Vol. 158 p. 135.



e

September, 1946

good enough for the job. In a
description of the flight of bats
towards a large lighted window*,
it is stated that on nearing the
window the bats went into steep
turns, stalled turns or half-rolls.
An interesting avoiding technique
adopted consisted of folding the
starboard wing, which gave an
unbalanced and reduced lift,
swinging the bat on to its back and
allowing the nose to drop. The
wing was then opened again and
the bat dropped in a ver-
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inch range with sound waves is
roughly equivalent to 16 miles
range with radio waves. For
making a model radar system
using supersonics the standard in-
ternational map series with a scale
of 1:10° can be used to replace
the actual area of a radar system.

It is not very convenient to
scale all the other dimensions of
a radar system in the same way,
and it is usual to base supersonic
systems on the attenuation charac-
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millimetres: with an aperture of
the ‘‘aerial’’ of 2 centimetres a
beam about 10° wide will be ob-
tained. A model-maker can
easily obtain an aperture of this
size in one dimension by using a
flat quartz plate (X-cut) in longi-
tudinal vibration.

The pulse length is fixed by the
carrier frequency. At least ten
wavelengths should constitute a
pulse train, and in general about
30 should be used. This means

that a pulse train of 3 to

tical dive with its belly e —— — = = ==ccoiiz——= : 10 centimnetres, with dura-
towards the window and = i T — - tion 0.1 to 0.3 milliseconds
pulled out about four feet T = il i is desirable. The rfssolu-
lower down. This man- === ==+ tion in range which is ob-
wuvre was carried out 1 N E— f{ ——+ tainable is thus of th.e
within a foot of the win- - b ==t order of 5 to 15 centi-
dow, avoiding action hav- | 0= =Py — — T metres and the band?wldt.h
ing begun about two feet & - — H required in the receiver is
from the obstruction. + \\ 1 HE from 3 to 1okc/s. For
Assuming a speed of =z === e e ease in model making,
25 feet/second and a gy |t i+ — tH—F it may be noted that
reaction time of 1/10th £ [ =EEE (] s - T this band-width is that
second, the decision to turn Ly — it s - . . of a conventional re-
must have been taken at i s 5 £ e s il i ceiver: if a broadcast re-
a range of about four feet. S HH— ] ceiver with a long-wave
The pulse length is suffi- 00— bt band is used the carrier
ciently short for a mini- S SR PR HHE frequency can be increased
mum range of about one = EHT to I5okc[s, and .the on}y
foot, which corresponds to 0001 modification required wn}l
a total delay time of 2 10 ke/s I IR 10Me/s  he the provision of a modi-
milliseconds. Any muting . FREQUENCY o fied detector circuit for
during transmission will Fig. 1. Rangg qf supersonic waves in air for a pulse working.
probably  increase  the 10db fall in intensity. (Courlesy: Nature) The pulse repetition rate
minimum range, but is fixed by the maximum

clearly the performance is quite
adequate for ordinary flying.

So much for this natural form
of ‘‘supersonic radar’ as it is
observed by the zoologists. Let
us now consider the ‘‘design
data.””

The reader will remember that
in an ordinary radar system a
short train of radio waves is
produced. This train of waves
travels off into space with a
velocity of 3x10'cm/sec, is
reflected by the target and
the echo is picked up by the
receiver. If the time between the
transmitted pulse and the re-
ceived echo is 10 microseconds,
the target is clearly at a distance
of 1,500 metres. Sound waves in
air have a velocity of 34,250 cm/
sec. at a room temperature of
20°C. (At other temperatures the
velocity is 33,170+ 54¢ cm/sec.)
The ratio of sound velocity in air
to radio velocity in free space is
therefore about 1.1:10° As far
as timing goes, therefore, a one-

¢ Nature Vol. 156 P. 693 (1945).

teristic of supersonic waves in -air.
In Fig. 1 the range for a fall in
intensity of 10db is plotted against
frequency. It will be seen that
with a frequency of rookc/s the
range is four metres. A perfect
reflector at this range would,
therefore, produce an echo 2odb
down. At the lower frequency of
s50kc/s used by bats the corre-
sponding range is greater, about
12 metres on this 2o0db criterion.

The actual transmitted field
strength is about 10-50 dynes/
cm?, but there does not seem to
be much information on the
minimum size of object which can
be detected. It seems that useful
information could be obtained by
jamming experiments, in which
the room was filled with noise
distributed throughout the 3o0-
70kc /s band. With a noise field
exceeding the pulse strength
which the bat expects, the bat
should find it impossible to detect
objects in time to avoid them.

A frequency of 1ookc/s corre-
sponds to a wavelength of 3.3

range : a pulse must not be trans-
mitted until the echo of the prev-
ious pulse from the most distant
target has been received. If the
range is chosen as 3 metres, a re-
petition rate of 50 pulses per
second can be used. It will be
found very convenient to choose
either 50 pulses per second, or
some other rate simply related
to the mains frequency, as
this reduces the need for
smoothing the supplies to the
various circuits ; 33 1/3 pulses per
second or 66 2/ 3 pulses per second
can be used, for example. As we
saw above, bats at rest transmit
about 5 to 10 pulses per second
and in flight up to 6o pulses per
second. Thus at rest the bat is
using a long range warning sys-
tem, presumably to detect ap-
proaching enemies up to 15-30
metres away. In flight the bat is
interested in much shorter ranges
with more frequent measurement
in order to avoid obstacles. It is
interesting to note how closely the

blind flying system of the bat ap-
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proaches the system designed
purely on the basis of the discus-
sion above. Only the pulse length
differs substantially, and this
limitation does not affect flying,
for the bat does not want to know
anything about an obstacle which
is too close to be avoided. The
minimum range requirements are
less stringent than with an A.lL
system, in whioh the object is to
come as nearly as possible into
collision with the target.

A model radar system using
supersonic waves in air was used
for demonstration at the 1946
exhibition of the Physical Society.
In this demonstration the signal
frequency used appeared to be

about 12kc/s, corresponding to a -’

wavelength of about 3 cm. With
the size of horn used the beam is
rather wide. The resolving power
in range appeared to be about 30
cm, which would mean pulses
containing about ten cycles and
lasting for about a millisecond.
The peak power used in this
demonstration is not known, but
there is little difficulty in getting
several hundred watts from a pair
of push-pull KT8 valves. Powers
of this order can most conveni-
ently be used to drive magneto-
striction radiators. It is thought
that a much more successful
demonstration would be produced
by using higher frequencies as
then the range limitation due to
attenuation would prevent
permanent echoes from the walls
of the work-room, and the ranges
could be laid out on a map to give
a fair degree of verisimilitude.

It is equally possible to make a
supersonic system working in
water. Radar training devices
have been produced on this basis,
and ‘' Asdic’’ is another well-
known application. The velocity
of propagation in water is 1,475
metres /second, so that the radar/
Asdic scale ratio is 4 miles/1 inch.
The range quoted for Asdic sys-
tems is 2,500 yards so that the
pulse repetition rate for general
search purposes can only be about
one pulse every three seconds.
The frequency used is not known,
although references to **ping-
ing’’ and attenuation considera-
tions suggest that it is probably
between skc/s and 1okc/s. This

“means that the wavelength in
water will be about 14-28 centi-
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metres, which would permit a
range resolution of a few metres.
For short range tracking repeti-
tion rates of more than one pulse
in 3 seconds are probably used, as
in this time the relative move-
ments of two ships may be as
much as 100 feet. Readers may
be interested to know that even
‘““Window '’ had an underwater
equivalent. Just as metal foil
strips provided artificial radar
echoes, so ‘‘Pillenwerfer’’ pro-
duced artificial Asdic echoes.
These devices were balls filled
with chemicals which, like the
familiar fruit salts, - produced
streams of bubbles. A stream of
bubbles in water provides an im-
pedance discontinuity which re-
flects the supersonic waves and
thus provides an artificial echo.
These notes on the application
of supersonic waves to range and
distance | measurement cannot,
unfortunately, be completed by a
description of a practical system
which has been used for this pur-
pose. They do, however, indicate
to the keen experimenter a new
field which he can explore without
excessive apparatus costs. The
signal frequency arrived at on
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purely theoretical grounds is con-
venient in that a long-wave re-
ceiver can be used with very
little modification. The cathode-
ray oscillograph will probably al-
ready be available. The writer
does not know whether an
ordinary ‘‘tweeter’’ will give an
adequate output at such high fre-
quencies, but if so the only appara-
tus to be constructed is an un-
symmetrical multivibrator keying
a self-oscillator. From this stage
the addition of a rotating head to
link the supersonic beam to a
P.P.I. and construction of models
of all the main radar systems
offers a very interesting field for
home study: a field, moreover,
which does not involve the posses-
sion of a transmitting licence. Ex-
tensions to the study of polar
diagrams using scale models can
also be made using the same
equipment. One word of warning
must be added. Multivibrators
can be very unpleasant neighbours
if they are lashed up to produce
very square pulses. A neat lay-
out, with some screening, and
capacitances added to round the
pulses will prevent the circuit act-
ing as a general-purpose jammer.

INDUSTRIAL

B.T.-H. Exhibition

RECENT developments in indus-
trial electronics was the theme
of an exhibition by the British
Thomson-Houston Co. held last
month at Rugby, and the applica-
tion of thyratrons to industrial con-
trol was a major part of the display.
As an example of the control now
possible with such valves, a pentode-
type thyratron can control currents
up to 33 A, the thyratron itself be-
ing controlled by a photo-electric
cell with no intermediate amplifica-
tion.

Voltage regulation is one of the
most interesting applications of the
thyratron. A pair of such valves,
with one hard valve, is usually em-
ployed and regulations up to 0.25
per cent are obtainable. The alter-
nator output is rectified and the
D.C. is amplified by a hard valve,
the output of which controls the
grid bias of a pair of thyratrons.
These are fed with A.C. in push-pull
on both anode and grids, but the
grid voltage is go® out of phase
with the anode. The striking volt-
ages are controlled by the D.C. bias
and the thyratron output thus de-
pends on the bias. It is used for
the field supply and hence controls
the alternator output.  Similar

ELECTRONICS

principles are used in speed regu-
lators, the control voltage being fre-
quently derived from a tachometer.

Electronic timing circuits, ensur-
ing that the amount of heat applied
to the work is under exact control,
are employed in the B.T.-H. radio
heating equipment.

The (Ignitron is a valve which
effectively disposes of the idea still
held by many that valve currents
are small. Some Ignitrons pass peak
currents of 10,000 A, They are steel-
jacketed, and often water-cooled,
with a mercury-pool type cathode
and they are used for the control of
A.C. power and for the conversion of
A.C. to D.C. In this latter appli-
cation six valves fed from a’ six-
phase supply can provide an output
of goo A.

Magnetrons and klystrons form
the major development at the other
end of the scale—in centimetre-
wave engineering. In conjunction
with waveguide technique they have
made modern radar possible and in
the B.T.-H. marine radar equipment
the aerial system is simply a slotted
waveguide. Radiation takes place
from slots across the wall of the
guide and a beam angle of 1.5°
is obtained. The display is in the
form of a plan position indicator.
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ELECTROMAGNETIC FRAME SCANNING

HE characteristics of tele-
vision line-scan amplifiers
were recently dealt with*

and it might be thought that the
frame-scan amplifier would differ
only in minor matters brought
about by the lower operating
frequency. While it is true that
the differences all arise through
this difference of frequency, they
are very far from being minor
ones. In fact, they are so great
that line-amplifier theory is of
very little help and it is better
to start quite afresh than to
attempt to modify it.

The ampere-turns needed in
the deflecting coil are approxi-
mately the same as in the casc
of the line scan, for although the
frame deflection required is only
8o per cent. of the line, the deflect-
ing coils themselves are necessarily
shorter for the frame than for the
line. The two effects roughly
cancel. Itis, therefore, reasonable
to take as a first approximation a
current of 0.6A p-p in a coil of
200 turns with an inductance of
3 mH. The actual coil can have
any number of turns, but the
product of turns and current will
remain constant at 120 A-turns
and the inductance will be,
approximately, proportional to
the square of the turns. Thus,
if we use 2,800 turns, the current
will become 120/2,800 = 0.0428A
— 42.8 mA, and the inductance
will be about 3 X (2,800/200)2 =
588 mH = 0.588 H, or say, 0.6 H.

The resistance, too, will vary
as the square of the number of
turns because, as the winding
space is roughly constant, it is
necessary to use finer wire when
the turns are increased. Thus, if
the 200-turn coil has a resistance
of 6.49, the coil of 2,800 turns
will have a resistance of about
1,250%.

The current through the coil
is required to rise linearly with
time for the 19 msec. devoted to
the frame scan in the present
transmissions and fly-back in
1 msec. If the current is 0.6A

TElectx‘omagnetic Deflection, by W. T.
Cocking, Wireless World, July, 1946.

Time-base Amplifier

By W. T. COCKING,
M.LEE.

in a 3 mH coil, the back c.m.f.
onthescanis Ldi/dt = 3 X 1073 %
0.6/0.019 = 0.095 volt; the drop
across the resistance is o to 0.6 x
6.4 = 3.84 volts, With a 0.611
coil and 43 mA, the figures become
1.35 volt and o to 53.8 volts,
respectively. In both cases the
inductive back e.m.f. is negligible
in comparison with the drop across
the resistance.

If. the fly-back were linear the
inductive back c.m.f. would be
19 times as great as on the scan.
It will not be linear, however, and
so will be greater still. Referring
to Fig. 1, the conditions on the

fly-back are as
if the deflector
coil, itself of in-
L ductance Ly and
R, resistance Ry,
were shunted by
R,
Fig. 1.

a 1¥sistance R, and the maximum
current i, were allowed to die
away.

The current at any instant is
then i = {,Z2—4T where T=1IL1L/
(RL + R,;). The total voltage
across the deflector coil terminals
is Ry =4,R,Z—4T, This is a
maximum when ¢ o, that is,
at the start of the fly-back, and is
simply 7,4R,.

The fly-back is 99 per cent.
complete when ¢ = o.017, and
then T = 4.5. Therefore,
R, = 4,500LL — Ry in henrysand
ohms. This is the minimum
value of R, permissible if the fly-
back is to be 99 per cent complete
in the nominal fly-back period.

For the 3mH coil, we have
R; = 4,500 X 0.003 — 6.4 =7.12
and for the 0.6 H coil R, = 4,500
X 0.6—1,250 = I,450%. These
are minimum values of resistance
for the required fly-back time,
and with them the maximum back
e.m.f. for the smaller coil is 4.26
volts and for the larger 62.3
volts.

It will thus be clear that the
maximum voltage across even a
high-inductance deflector coil is
not sufficient to cause serious
insulation difficulties. In the case
of the line scan, the back e.m.f.
reaches 1,000—2,000 volts, and
a high-inductance coil is ruled out
by the impossibility of providing
adequate insulation. No such dif-
ficulty arises in the frame scan and
a choice between the two must be
made on other grounds.

The use of low-inductance de-
flector coils is desirable for two
reasons ; they reduce interaction
between the line and frame de-
flection circuits and they are
easier to wind. However, a
transformer is necessary and its
construction demands a large
quantity of fine gauge wire which
is not easy to obtain at the
moment.

The usual transformer circuit

Fig. 2.

is shown in Fig. 2 and has the
equivalent of Fig. 3 (a). This
can be further reduced to Fig.
3 (b) in which R, represents the
total shunt damping of valve
and transformer-core losses, 7,
is the transformer-primary wind-
ing resistance and L, the primary-
inductance. R is the sum of the
deflector coil resistance Ry and
the secondary winding resistance
v, multiplied by the square of
the transformer ratio (n), and
L = nily + 2L,(1 — &) where
k = M/4/L,L, = coupling co-effi-
cient. The circuit capacitances,
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sn important in the line-scan case,
can here be ignored. It is to be
noted that % is taken as unity
except where its difference from
a nearly equal quantity is in-
volved ; the approximation 2
(r — k) instead of (1 — A2)/k? is
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becomes very important. ‘Even
if many interleaved primary and
secondary sections are used it is
unlikely that %k can be made
greater than 0.998. Taking this
figure and with L, = 2,000H,
the leakage inductance is 2 X

then used. 2,000 (1 — 0.998) = 8H. The
Ry +R(
a Rc( "P') "p rs
M L )
<
ey q») Lg Imem ;
Re
(a)
Fig. 3.

Taking a 3-mH deflector coil,
if the transformer ratio is arbi-
trarily made 14:1, the primary
current required becomes 43mA
and, ignoring the leakage induct-
ance for the moment, L. becomes
0.6H. These are the same values
as for the high inductance coil
without a transformer. Ignoring
7, temporarily, R = 1,2502. Our
aim is now to form a preliminary
estimate of the primary induct-
ance needed.

It is not difficult to show that
during the scan the deflector-
coil current is proportional to
1 — % ‘RL+LI» if the valve is
linear. If 2 per cent distortion
at the end of the scan is per-
missible, then at this time ¢R/
(L. + I.,) = o.02. As t is 19
msec., we have L + L, = 0.95RR
in henrys and ohms. With R
1,25092, L + L, = 1,185H.

This is a very large inductance
and cannot be obtained in any
reasonable size with negligible
winding resistances; 7, is un-
likely to be less than 120 and
r,m? about the same. The value
of R will thus be around 2.25k2
instead of 1.25k®2 and L, will
have to be further increased to
2,130H.

Taking into account the fact
that the valve will need 30-40mA
mean anode current, which flows
through the transformer primary,
the primary winding is likely to
need some 20,000-40,000 turns
with an iron core similar to that
of a small mains transformer.

The leakage inductance then

true value of L is thus 8.6H and
the leakage inductance pulls more
weight than the deflector coil.

Using the formula given earlier,
the minimum shunt resistance for
an adequate fly-back time is
4,500 X 8.6-2,250 = 36,500 Q.
Of this 7, will account for at least
1,000 2, so that R, of Fig. 3 (b)
would be not less than 35,500 2.
As the current is 43mA, the peak
voltage across the transformer
primary is 35,500 X 0.043 = 1,530
volts.

The voltage on the transfonier,
and valve, is thus of the same
order as in the case of line-
scanning and very high insulation
is needed. This is particularly
difficult in view of the large
number of interleaved primary
and secondary sections needed
to secure tight coupling.

As an example of the fantastic
voltages which can be reached,
in theory at least, suppose that
the coupling is o0.99—a value
which is quite likely to be ob-
tained if the primary and second-
ary are not interleaved. Then
the leakage inductance is 40H,
so L =406H; R, = 4,500 X
40.6 — 2, 250=180,000 2, and the
peak voltage is 180,000 X 0.043
7,750 volts.

Such a voltage is not likely
to be reached in practice, because
iron losses in the core and the
valve A.C. resistance would pre-
vent R, from being made high
enough. The practical effect of
inadequate coupling would thus
be to slow down the fly-back.
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The question now arises as to
what can be done to ease matters,
for the requirements laid down
lead to an impracticable design.
The fly-back time can be in-
creased slightly, and this will
result in slight curvature of the
scan at the top of the picture.
In a small degree this is not
important, but it must be kept
small and then the situation is
eased only slightly.

The second thing is to permit
increased curvature towards the
end of the scan, which will cramp
the picture towards the bottom.
Quite a bit can be done to correct
for this by the natural curvature
of the valve characteristic, so that
much more distortion can be
allowed than would otherwise be
permissible.

Before proceeding further with
a consideration of transformer
coupling, however, it is as well to
investigate the alternative of a
high-inductance deflector coil with
a resistance-capacitance feed.
Choke-capacitance feed is ruled
out because the choke would have
to be of as large an inductance as a
transformer. The circuit is shown
in Fig. 4, and its equivalent in
Fig. 5, in which R represents R,
in parallel with the output resist-
anceof the value[ =R, + R (1 + g)].

Fig. 4.

On the fly-back C has a negli-
gible effect, and the circuit is
essentially the same as that of
Fig. 1 with R written for R,. We
found earlier for this that with

Ly = 0.6H, Ry = 1.25k 8
and a current of 43mA, the value
of R should not be less than 1.45% 2
for a fly-back time of 1 msec.
This can easily be achieved with a
pentode valve.
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On the scan the deflection
current is proportional to 1 — Z—t/T
where T = C(R + Ry). For 2
per cent distortion at 19 msec.
t/T = o.02; therefore, C(R + Ry)
= 50t = 0.95 in farads and ohms.
If R=2k92 and Ry = 1.25kQ,

C = 0.95/3,250 = 0.000292F =
292ul.  This is inconveniently
large, for in a s500-volt rating

the component would be both
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Fig. 5.

expensive and bulky. The working
voltage on the valve will, of course,
be well below 500V, but this rating
is desirable to allow for the voltage
rise when switching on.

By permitting more distortion
the capacitance can be reduced
just as in the case of transformer
coupling.  Thus, if 6 per cent
distortion is allowed it can be
brought down to 10ouF. It can
be further reduced by increasing
R, for it is the product C(R + Ryg)
which is important, not the indi-
vidual values.

As R consists of the coupling
resistance R, in shunt with the
output resistance of the valve,
and as the only limitation to the
maximum value of R, is set by
the loss of anode voltage in it, it
is clearly desirable to make the
valve resistance as high as
possible.  The use of a pentode
valve is thus indicated in prefer-
ence to a triode, which would be
permissible on the score of fly-back
time. With a pentode and any
reasonable value of R,, the output
resistance of the valve is high
enough to be ignored, and to all
intents and purposes R = R,.

The limit to R, is set by the
minimum permissible anode volt-
age of the valve, and with a
positive-going saw-tooth input this
occurs at the end of the scan when
the anode cufrent is a maximum.
Ignoring the inductive back e.m.f.,
and assuming that the change of
voltage across C is negligibly small
during the scan, the change of
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anode voltage 4E, on the scan is
4iRy, where 4i is the peak-to-
peak coil current. In this instance
itis 0.043 X 1, 250 = 53.8, or say
54 Volts.

The saw-tooth anode current is

sy = a5, RaRL_
1{1 + Rp
=41 (1+R/R))
so that in effect R, robs the coil
of current and the valve must
provide a greater output. It is
again advantageous to make R,
as large as possible compared
with Ryg.

If we call the mean anode
voltage E, and the current 7,, the
minimum anode potential is
E, — 4E,/2 and with a pentode
this should not be less than about
100 volts in most cases. With
some valves it can be a little
lower, but this is a reasonably safe
figure. Therefore, the mean anode
voltage must not be less than
E, = 100 + 4E,/2 = 127 volts in
our example.

Now this voltage 1is also
Eyr — 1,R, so that it is necessary
to determine 7,.  There is a
minimum permissible anode cur-
rent i, = 1, — 41,/2 which is
necessary for reasonable linearity.
This varies with different valves,
but one is not far out in taking it
around 15mA.

These factors are expressed in
LEqgns. (1) to (5) in the Appendix,
and lead to Eqns. (6) and (7) for
the values of R, and 7,. If we
have Eyr = 350V, E nin = 100V,
Tamin = ISMA, Jdi = 43mA,
Ry = 1.25%92, we find R, =
5.35k2 and i, = 41.5mA. Then
Ry + R, =6.6k2and C = 144uF.

In the foregoing it has been
assumed that the valve character-
istic is linear. In practice, it will
not be unless an uneconomically
large valve is used. If the input
saw-tooth wave is positive-going
on the scan the curvature at the
start of the scan is in the right
direction to compensate for the
curvature introduced by C. Valve
curvature towards the end of the
scan, however, can be in the
opposite direction, and so may
accentuate the non-linearity of the
scan. This can be avoided by the
use of an adequate H.T. voltage,
but even then the curvature at
this point may not be sufficient to
correct the circuit distortion.

From all this it is clear that it
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is necessary to make use of valve
curvature in order to obtain an
economical time-base. An attempt
to design for linearity in each part
by itself, while the ideal, is much
too expensive for normal purposes.
Adequate valve linearity demands
a heavy anode current and a large
amount of negative feedback.
Adequate linearity in the coupling
to the deflector coil demands either
an impracticable transformer or an
uneconomically large capacitance.

By letting the defects of one
piece of apparatus offset those of
another, a much more economical
design is obtainable. Of course it
is too much to expect exact
compensation, but the distortion
can be greatly reduced without
difficulty, and a reasonable amount
of negative feedback can be em-
ployed to clear up the residue.

It is of the first importance to
note that for such compensation
it is essential for the output valve
to be fed with a positive-going saw-
tooth wave. This is necessary in
any case on the line scan for other
reasons, but there is no obvious
objection to the use of a negative-
going input on the frame scan.
However, with a negative-going
input the valve distortion is in the
same direction as the circuit dis-
tortion and the two accentuate
each other. Only with a positive-
going input are the valve and
circuit distortions in opposition.

The estimation of the effect of
valve and circuit together will be
considered in detail in a further
article.

APPENDIX

Units (mA, V, k)
Let
i, = mean anode current.
4i, = peak-to-peak saw-tooth
anode current.
4i = peak-to-peak saw-tooth’
coil current.
iq min = Minimum permissible
instantaneous anode current.
E, = mean anode voltage.
4E, = peak-to-peak saw-tooth
anode voltage.
E, min = minimum permissible
instantaneous anode voltage.
Eur = voltage of H.T. supply.
Then 4i, = 4i(1 + R /R,) (1)

dE, = 4iR, (2
E, =E;mn +AEa/2 (3)
Eyr = Ea qF ia iaRI (4)
iq = 14 min T Aialz R (5)
HT — a min T iy,
and Ry= e F Az O
ia = ia min+(I+RL/R1)Ai/2 (7)
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SHORT-WAVE FORECASTING

Using lonosphere Charts for Choosing Frequencies

HARTS prepared in the way
described last month may
be used to find the predicted

average M.U.TF.—and from this the
Optimum Working Frequency, or
O.W.F.—for a transmission path
of any distance, in any part of the
world, for every hour of day for
the month for which they are
valid.

If the transmission path is
exactly 2,500 miles long, then the
M.U.F. will be read off directly
from the chart at the point at the
centre of the path. If the path is
less than 2,500 miles long then, as
has been explained, the M.U.F.
will be less than that indicated on
the chart. It is only necessary in
this case to read off the M.U.F. at
the centre of the path and
multiply it by a factor which is
the ratio of the M.U.F. for
2,500 miles to that for the given
distance. A set of such * Distance
Factors ”’ for various distances is
given in the second column of
Table I.

When the transmission path is
more than 2,500 miles long the
transmission will be by multiple
hops, but the M.U.F. can still be
read off directly from the chart.
Experience has shown that beyond
2,500 miles the M.U.F. does not at
first decrease, as might have been
expected owing to the sudden
decrease in the length of each hop,

(Concluded from page 250, August issue)

By T. W. BENNINGTON

(Engineering Division, 8.8,C.)

TABLE 1
Distance Factors by which F layer 2,500-mile
contours or E layer 1,000-mile contours must be
multiplied to obtain M.U.F. for shorter distances.

Factor
Distance ;
miles For For For
F, F,layer| E layer F, layer

] 0.35 0.22 —
250 0.36 0.39 —
500 0.42 0.64 —
750 0.52 0.85 —
1,000 0.64 1.00 —
1,250 0.74 110 —
1,600 0.83 114 —
1,750 0.90 — 1.15
2,000 0.95 — 114
2,250 0.98 — —
2,500 1.00 — —

and transmission cannot be con-
sidered as a simple extension of
one-hop transmission to multiple
hops. In multi-hop transmission
there is considerable scattering at
each reflection at ionosphere and
earth, resulting in energy travel-
ling by a multiplicity of paths,
and, because of this and other
effects, it is not possible to con-

Putting ionosphere theory into practice. Our
title picture above shows the aerial switching
tower and feeder terminating ring at the B.B.C.’s
short-wave station at Skelton, near Carlisle, by
means of which transmissions are fed to the
previously selected aerial arrays. The output
from six transmitters is handled by this tower
and it is possible to connect each one to six
arrays. With its twelve 100-kW transmitters
Skelton is the world's largest short-wave broad-
casting centre.

sider the condi