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With the VARIAC . . . the right voltage every time
Thousands of enthusiastic users testify to the general usefulness of the VARIAC* con-
tinuously adjustable auto -transformer for use in hundreds of different applications where
the voltage on any a.c. operated device must be set exactly right.
The VARIAC is the original continuously -adjustable, manually -operated voltage control
with the following exclusive features, which are found in no resistive control.

 EXCELLENT REGULATION-Output voltages are independent of load, up to the full load rating
of the VARIAC.

 HIGH OUTPUT VOLTAGES-VARIACS supply output voltages 15% higher than the line voltage.

 SMOOTH CONTROL-The VARIAC may be set to supply any predetermined output voltage, with
absolutely smooth and stepless variation.

 HIGH EFFICIENCY-Exceptionally low losses at both no load and at full power.

 SMALL SI ZE-VARIACS are much smaller than any other voltage control of equal power rating.

 LINEAR OUTPUT VOLTAGE-output voltages are continuously adjustable from zero by means
of a 320 degree rotation of the control knob.

 CALIBRATED DIALS-Giving accurate indication of output voltage.
 SMALL TEMPERATURE RISE-Less than 50 degrees C. for continuous duty.
 ADVANCED MECHANICAL DESIGN-Rugged construction-no delicate parts or wires.

VARIACS are stocked in fifteen models with power ratings *Trade name VARIAC is registered No.
from 170 watts to 7 kw ; prices range between 70/- and 580,454 at The Patent Office. VARIACS

are patented under British Patent 439,567
£32 : 10 : 0. Instant deliveries can be arranged on IA issued to General Radio Company.
Priority.

Write for Bulletin 424-B & 742 for Complete Data.

ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.

PAbsolutely spot delivery of any
reasonable quantity of all types
(against 1 A Priorities only,
of course).
Reasonably early deliveries against lower
priorities.

80, Tottenham Court Road, London, W.I, and 76, Oldhall Street, Liverpool, 3, Lancs
A
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A new high -conductivity alloy combining physical
characteristics of amazing strength, hardness,
elasticity, and resistance to fatigue, Cu Be 250
is acknowledged as the outstanding metallurgical
achievement of recent years. Available as strip,
rod and wire, it is unsurpassed for springs,ro
diaphragms, contacts, switch parts, cams, roller
bearings, etc. Leaflet and full details on request.

Manufactured by: THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO., LTD.
Head Office : 22 OLD BROAD STREET, LONDON, E.C.2. Telephone: LONdon Wall 3141

Sole Distributors: RELIABLE ENGLISH AGENCIES LTD., 39, VICTORIA STREET, LONDON, S.W.I. Tel.: ABBey 6259

I ItIt., 10.j

Li
Telephone: Harrow 0895.

H IVAC LIMITED
Greenhill Crescent,
Harrow on the H ill. M iddx.

From small Q.M.B. to heavy duty
pattern switches-millions have
been supplied and have

given complete satisfac-
tion. State the specifi-
cation -give your

priority Ct. Nos.-
and your order

will receive
immediate

atten-
tion

ELECTRICAL AND RADIO LABORATORY APPARATUS ETC,

180 TOTTENHAM COURT RD., LONDON, wa
and 76 Oldhall Street, Liverpool, 3, Lancs.
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Portable test set
Type D524

This set constitutes a complete self-contained
equipment for measurement of conductor resistance,
dielectric resistance, capacity and for fault location
on telegraph and telephone lines and cables.
The set contains the following comprehensive
equipment :
BRIDGE NETWORK comprising variable ratios
and 4 -decade measuring arm-TWO GALVANO-
METERS (Pointer type and sensitive mirror gal-
vanometer) with to -position - UNIVERSAL
SHUNT, SHORT CIRCUIT KEY and REVERS-
ING SWITCH-RESISTANCE AND CAPA-
CITY STANDARDS for determining galvano-
meter constants - 66 -volt TESTING BATTERY,
BATTERY RESISTANCE, REVERSING KEY
and MILLIAMMETER-PLUG COMMUTATOR
for selecting test circuits.
Mounted in leather bound teak case with all
accessories,spare parts and repair kit - Illustrations
show the instrument closed and set up for use.

DIMENSIONS Closed. 24" x x xi" deep.
WEIGHT 56 lbs.
A Descriptive Bulletin will be supplied on request.

MUIRHEAD
MUIRHEAD & CO., LTD., ELMERS END, BECKENHAM, KENT.

Telephone: Beckenham. 0041-0042

FOR OVER 6o YEARS DESIGNERS AND
MAKERS OF PRECISION INSTRUMENTS.

CRC 30

June, 1943

gAe 0,9/61MIL OffIETENS

MODEL 160A
MODEL 170A
MODEL 110A

FOR MEASUREMENTS AT
30 AND 200 MEGACYCLES

FOR MEASUREMENTS AT FRE C

if( C AND 75 MEGACYCLES
FOR PRODUCTION CHECKING OF 0 AND I
M ONE OPERATION

LELAND
INSTRUMENTS LTD.

21 JOHN STREET. BEDFORD ROW. LONDON W.C.I TELEPHONE CHANCERY 8765

C/ough-grengie  Boonton gal/an/the. flerdeff-Pac.fa,d

VISKRINGS 5 POINTERS
NO

TOOLS

REQUIRED

SELF

FIXING BY

SHRINKAGE

ONLY

to SWIFT
CABLE MARKING

NO

RUBBER

USED

IMPERISHABLE,

IMPERVIOUS TO

OILS AND

PETROLEUM

VISKRINGS " Tubular Cable
markers are simply and speedily
fixed over the cable by hand --
they shrink and they're tight.
The simplicity of this system
ensures a considerable and
worth -while saving of vital man
-(or woman) hours of labour.

Ilentenriber NO TOOLS ARE
REQUIRED FOR FIXING

S.' INDELIBLY

 PRINTED AND
DO NOT INCREASE

DIAMETER Of

CABLE

VISCOSE DEVELOPMENT CO. LTD.
Woldham Road, Bromley. Kent. 'Phone : Ravensbourne 2.641

a
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TESTED .
at 100,000 volts
This 100,000 volt test
gear is one of the
tools employed to
ensure the reliability
of Rediffusion Com-
munication equipment.

REDIFFUSION Li..
A subsidiary of BROADCAST RELAY SERVICE LIMITED

DESIGNERS AND MANUFACTURERS
OF COMMUNICATION EQUIPMENT

VICTORIA STATION HOUSE, VICTORIA STREET, LONDON, S.W.I (PHONE VICTORIA 8831)

HETERODYNE

OSCILLATOR
with exclusive B.S.R. features

Never has a commercial Oscillator been produced with such a
performance irrespective of price. Built to retain its superlative
performance indefinitely.

8 Watts with under I% total
Harmonic distortion.

2-5i" dia. Nickel Dials with
slow motion.

4 Output Impedances selected
by switch.

Multi -range Rectifier Output
meter.

All stages checked by mllli-
ammeter.

Hum Content less than 0.16%

Alternative R.C. Output down
to 5 c.p.s.

Output within ± 0.5db. 20 to
15,000 c.p.s.

110;200 250 volts, 50 cycles.

BIRMINGHAM SOUND REPRODUCERS LTD

E67- 1 0-0.
Model L0800.

CLAREMONT WORKS, OLD HILL, STAFFS. 'Phone: Cradley Heath 6212/3. 'Grams: Electronic. Old Hill.



Ft 6 WIRELESS
ENGINEER

Freedom from vibration with silence and secure flexible support is
available for radio, instruments, generators-from the standard range
of Silentbloc Anti -Vibration Mountings. The metal and rubber de-
signs are exclusive to Silentbloc, and offer the most convenient
and consistently effective medium for the isolation of vibration.

Fall particulars on application.

SILENCE
SECURITY1 SIMPLICITY

SILENTBLOC
-, NO VIBRATION '-

LUBRICATION
OR WEAR

TRADE MARK.

SILENTBLOC VICTORIA GARDENS LONDON, W. 11
LIMITED LADBROXE ROADRISMU.4.14.131

SIX CHANNEL
50/70 WATT
LCE SERIES

NO OPERATOR
NEEDED

Requires only
AERIAL

DIAL TELEPHONE
POWER SUPPLY

FOR SHIP -TO -SHORE
OR POINT-TO-POINT
COMMUNICATION

Prompt deliveries from
manufacturers against good

priorities

LORAIN COUNTY RADIO
CORPORATION, LORAIN,

OHIO, U.S.A.
ro; details write to :-

lecironic C3ngineering Clervices, oPtcl.
SOLE BRITISH EN STRiVDTONS

24 STANLEY ROAD, HEATON MOOR, STOCKPORT

June, 1943

It's the little things that count . .

A transformer is only a small
part of your assembly, but on Its
reliability depends the proper
functioning of the whole equip-
ment. Woden Transformers are
being used more and more where
reliability is all important.
Woden make transformers of every

type from 10VA-10kVA.

WODEN TRANSFORMER CO.
Thornley St., Wolverhampton Tel.: Wolverhampton 22829
MAKERS OF TRANSFORMERS,PONVER FAC1034 SPECIAL RECEIVING & TRANSMITTING APPARATUS

,ro
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CONSTANT VOLTAGE
TRANSFORMERS

A

4rfilealk5AlememY

I I I 0 It Al  \ A
BACK ROAD, SHERNHALL STREET, WALTHAMSTOW LONDON. E.I7 Tel: LARkswood 4366.7

. in the heat of the desert
or the jungles, the cold of
winter or high altitudes,

SILVERED MICA
CONDENSERS

have to do their job and
maintain their stability.

TYPE APPROVED.

... COLD
Theglt°UNITED INSULATOR C? LTD 9dog.

12 - 20 LAYSTALL STREET, LONDON, E.C.1
Phone TER minus 7383 Grams. Colonel, Phone, London
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Condensers are at work .

Advt. of A. H. HUNT LTD., LONDON, S.W.18. Established 1901

Postwar industry
will be making wider
use of industrial
electronic technique
developed during
recent years. In this
work Rogers Radio Tubes-the tubes which opened
the way to all -mains wireless-have played and will
play a recognised part. Rogers with an established
reputation for quality, produce all standard types of
radio receiving tubes, power tubes for radio trans-
mission, audio frequency amplification and industrial
electronic applications generally. At present engaged
solely on official work, they look forward to future
co-operation over a wide field of industry.

ROGERS RADIO TUBES LTD.

TORONTO (ONTARIO CANADA
A subsidiary of EROADCAST RELAY SERVICE LIMITED,
VICTORIA STATION HOUSE, VICTORIA ST, LONDON, S.W.I.

ISMOULDED
RUBBER PARTS

to offer our usual "DAINITE" Servicpe

for Moulded Rubber Parts. n the
meantime. enquiries

for permitte

essential lines will receive

every attention.

The Ham -bore' Rubber Co. Ltd., Market Harborough

ESSIf RS (loncion)o.
Machining and Turning of Plastic Material.

Sign al Lamp Caps, Screw -cutting in Bakelised Fabric
ALBION HOUSE, 201-3, CHURCH STREET,

LONDON, N.16.
elaff Tef. ClieNold 1;247

1

'LARGE DEPT. FOR WIRELESSFOYL

Your

enquiries

are

invited.

BOOKS.ES
FINEST STOCK IN THE WORLD OF NEW AND
SECONDHAND BOOKS ON EVERY SUBJECT.
Quick Postal Service. Books Bought.
I19-125, CHARING CROSS ROAD, LONDON, W.C.2.
Tel. : GERrard 5660 (I6 lines). Open9 a.m.-6 p.m., includingSaturday.
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Electrical Standards for
Research and Industry
Testing and Measuring Apparatus
for Communication Engineering

BRIDGES

RESISTANCES

INDUCTANCES

CONDENSERS

OSCILLATORS

WA VEMETERS

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

Capacitance
Inductance
Resistance

H. W. SULLIVAN
- LIMITED -
London, S.E.15

Tel. New Cross 3225 (Private Branch Exchange)

Re' Trod. Moth

MEANS ACCURACY

The AvoMeter is one of a useful range of
"Avo " electrical testing instruments which
are maintaining on active service and in
industry the "Avo " reputation for an un-
excelled standard of accuracy and depend-
ability-in fact, a standard by which other

instruments are judged.

The Model 7 Universal AvoMeter is the
world's most widely used combination elec-
trical measuring instrument. It provides
46 ranges of readings and is guaranteed
accurate to B.S. first grade limits on D.C.
and A.C. from 25 to 100 cycles. It is self-
contained, compact and portable, simple
to operate and almost impossible to damage
electrically. It is protected by an automatic
cut-out against damage through severe
overload, and is provided with automatic
compensation for variations in ambient
temperature.

Some delay in delivery of Trade Orders is inevitable, but we
shall continue to do our best to fulfil your requirements as
promptly as possible.

Sole Proprietors and Manufaentrers -
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD., Winder House, Douglas Street, London, S.W.1. 'Phone : VICtoria 3404-7
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There is a CO -AX faVekviverylli:Porpose

TRANSRADIO LTD. In; TELEQUIPMENT Co. 16 HIGHWAYBEACONSFIEID

WHEN YOU REQUIRE

machine -engraved, chemically -etched or die -

pressed calibrated dials and rack arms, instru-
ment panels, labels etc., in metal or plastic (in
English, Russian or other languages) consult

THE STAR PROCESS ENGRAVING CO. LTD
Lower Mosley Street, Manchester 2

A.I.D FULLY APPROVED

\TASi NOV
Specialists in Sound Amplifying Equipment, Microphones,

Power Amplifiers, Loudspeakers, etc.
Also makers of Scientific Instruments.

TANNOY PRODUCTS (ruy R. Fountain t td.)W.NORWOOD, S.E.27

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

QUARTZ CRYSTAL CO., LTD.,
(Phone: MALden 0334.) 63-71, Kingston Rd., New Malden, SURREY.

June, 1943

,-. ------.,., __ , -, -.,. -
BOONTON

i

MODEL 170-A Q -METER

I

The latest and improved type, designed
to extend range of measurement to

200 Mc.

BOONTON
SIGNAL GENERATOR for
FREQUENCY MODULATION

:-..

Standard frequency ranges I to 10 and
41 to 50 Megacycles. (Special ranges

to order.)

Also products of :
BALLANTINE LABORATORIES INC.

.:! MEASUREMENTS CORPORATION
TRIUMPH MANUFACTURING CO.

A&HRadio Ltd ,..,

Buchanan Buildings, 24, Holborn, London, EC.I 0 ----
'Phone. Holborn 7394 Grams Tunysa, Smith. London

SOLE AUTHORIZED BRITISH AGENTS

ELECTRIC

CHAIN
PULLEY
BLOCK

Write for book-
let on lifting and
shifting or separ-
ate catalogue of
conveyors, cranes,
and other mech-
anical handling
equipment.

 GEO. W. KING LTD., HITCHIN 960
HARTFORD WORKS  HITCHIN HERTS.

Makes 30 important
tests AC, DC. Used

everywhere by Electricians,
Wiremen and Service Engi-

neers. Interesting booklet " G24 "
on testing, free. From all Whole.

sales or direct
RUNBAKEN MANCHESTER-- I

Engineer with knowledge of electronics required
in Worcester area. Good grounding in radio
engineering and experience of servicing essential.
Responsible work. Excellent prospects., Apply,
stating detailed qualifications and salary required,
to the Employment Exchange, Castle Street,
Worcester.
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The glory of the future..
A

. . when the tank gives pride of place to the

" family 'bus " and engines of war to the

instruments of peace, Goodmans will be

able, once more, to give the connoisseur

Loudspeakers that open up new

possibilities in high fidelity

reproduction.

GOODMANS
Makers of

HIGH GRADE LOUDSPEAKERS
Priority Orders only can be accepted

GOODMANS INDUSTRIES, LTD., LANCELOT ROAD, WEMBLEY, MIDDLESEX

ST. ALBAN S

An electrical instrument may embody every
assembled component necessary for an accurate
measuring device. But it will remain ineffec-
tive for its purpose until its own individual, 'c performance has been checked and proved

V and calibrated. It is on the test bench that it

-r'
t * finds itself : the inquisitor will be content with

t(' \ N nothing less than the truth.

)`"-/

4
7-, 4k C1/4 duced by Marconi Instruments-and there

F The testing of every measurement device pro-

 \ > \ are 6o of them in production-is as uncom-P il -.1 promising as is every phase in its design and

-?, production. For these are instruments made
for the measurement of very fine limits of

r performance. They apply the experience of
a lifetime to the demands of a new technical
age. In every requirement of to -day they live
up to the traditions of accuracy and resource
that have belonged for nearly half a century
to the name Marconi.

AI Instruments Ltd
HER TS TELEPHONE 4323
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the Solder wire with 3 cores of non -corrosive ERSIN FLUX is preferred by the majority of firms
manufacturing the best radio and electrical equipment under Government Contracts.

WHY THEY USE CORED SOLDER
Cored solder is in the form of a wire or
tube containing one or more cores of
flux. Its principal advantages over stick
solder and a separate flux are :

(a) it obviates need for separate flux-
ing (b) if the correct proportion of flux
is contained in cored solder wire the
correct amount is automatically ap-

plied to the joint when the solder wire is melted. This is
important in wartime when unskilled labour is employed.
WHY THEY PREFER MULTICORE SOLDER. 3 Cores-Easic r Melting
Multicore Solder wire contains 3 cores of flux to ensure flux
continuity. In Multicore there is alwayssufficient proportion of

flux to solder. If only two
cores were filled with flux,
satisfactory joints are ob-
tained. In practice, the care
with which Multicore Sold-
er is made means that there
are always 3 cores of flux
evenly distributed over the
cross section of the solder,

so making thinner solder walls than single cored solder, thus
giving more rapid melting and speeding up soldering.

ERSIN FLUX
For soldering radio and electrical equipment non-
corrosive flux should be employed. For this reason either pure
resin is specified by Government Departments as the flux to
be used, or the flux residue must be pure resin. Resin is a com-
paratively non -active flux and gives poor results on oxidised,
dirty or " difficult " surfaces such as nickel. The flux in the
cores of Multicore is "Ersin"--a pure, high-grade resin sub-
jected to chemical process to increase its fluxing action with-
out impairing its non -corrosive and protective properties. The
activating agent added by this process is dissipated during the
soldering operation and the flux residue is pure resin. Ersin
Multicore Solder is approved by A.1.D., G.P.O., and other
Ministries where resin cored solder is specified.

PRACTICAL SOLDERING TEST OF FLUXES
The illustration shows the result of a practical test made
using nickel -plated spade tags and bare copper braid. The
parts were heated in air to 250° C, and to identical speci-
mens were applied " lengths of 14 S.W.G. 40 60 solder. To

sample A, single cored solder with resin
flux was applied. The solder fused only
at point of contact without spreading. A
dry joint resulted, having poor mechani-
cal strength and high electrical resistance.
To sample B, Ersin Multicore Solder was

B applied, and the solder spread evenly
over both nickel and copper surfaces, giving a sound
mechanical and electrical joint.
ECONOMY OF USING ERSIN MULTICORE SOLDER
The initial cost of Ersin Multicore Solder per lb. or per cwt.
when compared with stick solder is greater. Ordinary solder
involves only melting and casting, whereas high chemical skill
is required for the manufacture of the Ersin flux and engineer-
ing skill for the Multicore Solder incorporating the 3 cores
of Ersin Flux. However, for the majority of soldering pro-
cesses in electrical and radio equipment Multicore Solder will

June, 5943

show a considerable saving in cost, both in material and
labour time, as compared either with stick solder or single
cored solder. Cored solder ensures that the solder and flux
are put just where they are required, and by choice of suitable
gauge, economy in use of material is obtained. The quick
wetting of the Ersin flux as compared with resin flux in single
core resin solder ensures that with the correct temperature
and reasonably clean surface, immediate alloying w.11 be ob-
tained, and no portions of solder will drop off the job and be
wasted. Even an unskilled worker, provided with irons of
correct temperature, is able to use every inch of Multicore
Solder without waste.

ALLOYS
Soft solders are made in various alloys of tin and lead, the
tin content usually being specified first, i.e. 40,60 aroy means
an alloy containining 40",, tin and 60% lead. The need for con-
serving tin has led the Government to restrict the propor-
tion of tin in solders of all kinds. Thus, the highest tin content
permitted for Government contracts without a special licence
is 45/55 alloy. The radio and electrical industry previously
used large quantities of 60,40 alloy, and lowering of tin con-
tent has meant that the melting point of the solder has risen.
The chart below gives approximate melting points and
recommended bit temperatures.

ALLOY Equivalent Solidus Liquidus Recommended bit
Tin Lead B.S. Grade C.° C.° Temperature C.°

45/55 M 183° 227° 267°
40/60 C 183° 238° 278°
30/70 D 183. 257. 297.

18.5/81.5 N 187. 277° 317°

VIRGIN METALS-ANTIMONY FREE
The wider use of zinc plated components in radio and
electrical equipment has made it advantageous to use solder
which is antimony free, and thus Multicore Solder is now
made from virgin metals to B.S. Specification 219 1942 but
without the antimony content.

IMPORTANCE OF CORRECT GAUGE
Ersin Multicore Solder Wire is made in gauges from I 0 S.W.G.
(.128"-3.251 m/ms) to 22 S.W.G. (.028"--.7 1 I m/ms). The
choice of a suitable gauge for the majority of the soldering
undertaken by a manufacturer results in considerable saving.
Many firms previously using 14 S.W.G. have found they can
save approximately 331/3" or even more by using 16 S.W.G.
The table gives the approximate lengths per lb. in feet of
Ersin Multicore Solder in a representative alloy, 40/60.

S.W.G. 10 13 14 16 18 22

Feet per lb. 23 44.5 58.9 92.1 163.5 481

CORRECT SOLDERING TECHNIQUE
Ersin Multicore Solder Wire should be applied simultane-
ously with the iron, to the component. By this means maxi-
mum efficiency will be obtained from the Ersin flux contained

in the 3 cores of the Ersin Multicore Solder
Wire. It should only be applied directto the
iron to tin it. The iron should not be used
as a means of carrying the solder to the
joints. When possible, the solder wire
should be applied to the component and
the bit placed on top, the solder should
not be " pushed in " to the side of the bit.

ERSIN MULTICORE SOLDER WIRE is now restricted to firms on Government Contracts and other essential Home
Civil requirements. Firms not yet using Multicore Solder are invited to write for fuller technical information and samplas.

MULTICORE SOLDERS LTD., BUSH HOUSE, W.C.2. 'Phone Temple Bar 5583/4
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Editorial
The Optimum Conditions for Class C Operation

IN the February Editorial we considered
the optimum conditions for Class A
amplifiers. In the Proceedings of the

Institute of Radio Engineers for November,
1942, there is an article by J. C. Frommer
dealing with the same problem for Class C
operation of triode oscillators. The problem
is complicated by the introduction of another
variable, viz., the fraction of the cycle during
which the valve is conducting. With
medium -size valves it is assumed that the
cost of power consumption is negligible
compared with the cost of the apparatus,
and that, consequently, the optimum con-
dition is not a question of efficiency but of
getting the maximum possible output with-
out endangering the valve. It is assumed
therefore that the anode supply voltage V.
and the anode dissipation Pa are both
maintained at their permissible limits as
prescribed by the valve manufacturers.
The two variables, the swing sVa of the
anode voltage and the peak value ia of the
anode current, must be associated with such
a duration of current flow that the . pre-
scribed anode dissipation is just attained.
The duration of current flow is expressed as
20/27r of a cycle, and we can refer to 20
as the angle of current flow. Taking as
origin the moment of minimum anode
voltage as in Fig. r it is seen that

v. = Va(r - s cos cot) . . . . (1)

v. = - V. -I- (V. + 6.) cos cot . . (2)

It should be noted that Vg is the negative
grid bias but that v, is the extent to which

la

Fig. 1.

the grid is positive ;vg is not the amplitude
of the grid swing. The voltages are assumed
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to be sinusoidal, which will be approximately
true, the tuned circuit keeping the har-
monics to a relatively small value.

A basic current is that direct current 4
which at the steady anode voltage Va
would give the rated anode dissipation
Pr. Vr is the anode voltage which would
give this value of current with the grid
connected to the cathode. For other values
of anode and grid voltages

(va /Way'
is = V,. (3)

Owing to grid current the index a is less than
3/2 ; in subsequent numerical calculations
Frommer puts a = 1, thus simplifying the
calculations very considerably. Substituting
from (1) and (2)
is

\
Va -µV, fiVa - SVa

cos cotY
Vr Vr

(4)
Now is = o when wt = 0, the cut-off angle ;
hence putting

µVG, - Va -Vr 14

we must have

ja = (- U
c os

"
0

COS Oat (5),
The anode current reaches its maximum
value is when wt = o ; hence

ia = (- ±/ cos 0
. . (6)

Dividing (5) by (6)
is (cos wt - cos Oyi
is - cos 0

The mean value of the anode current
+0

/a=I f tiadcot

-6

I r cos( wt - cos Ordcot
za 27Tj I - 60S e/

-0
mid F(0)

TT

(7)

.. (8)

where F(0), is put for half the integral. -
The input power

Vii
Vala

Via F(0) (9)
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The output power
+e

I
P2= -

27r
va)tia dad

-8
which, on substituting for va and is from
(1) and (7) becomes

+0
f (cos cot - cos 0)"cos

cot dwtL- 2 v 277'I \ I cos 0
-8

=V alas
G(0),, .. (1o)

where G(0), is put for half the integral.
Substituting for is from (8) we have

G(0)
P2 = sT7 a/ a

The anode dissipation is the difference
between the input and the output ; hence

(0)\Pa =P1 -P2= Va/a (1 -
SF(

ec)

(12)

and this has to be made equal to the pre-
scribed value Pr.

Putting p for the ratio of the output
power to the plate dissipation, we have

G(0)
P2 s F(0),

P = Pa G(0)«I s

p F(0)
S =

+ P G(e).

Since, by definition, 4 =
from (8)

/a IT Vala
/, FAG,. Pr

and since from (II) and (14)

Vala P2 I F(0) p F(0)&
Pr = 25: S  G(0),- s G(0)

. . (r6)
(15) may be written

is
= F.(7r0). (I + 1')

.. (II)

(i4)

Pr/ Va, we have

(i5)

(17)

In Fig. 2 these calculated values of is//,
are plotted as ordinates, the abscissae being
I - S = varaialV a obtained from (14).
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On the assumption that a =
-1-0

F(0) cos (.0t - cos 0
dwt =

sin 0 -0 cos 0
- cos 0 I - cos 0

iir

and

4

3

2

1
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F(0) is very
and can be put
in radians, with
practical purpos

Similar results
P=6 4 3 2

so simply, for
F(0) is found

Taking some
abscissae and
plotted for p
P = 2 fa =

17.

and s-
from which
point is marked

othe
to 1

fix
ord

= 1,
77'

I

\

I

I

\I

11

I\
1

0.35
D 11

I

I
11 2

I4I 1+
va .0

of
1 \ I

I
I

I

I)

\
\
\

I

I

\
\ I \
1\ \\ I

) ' \ . 1 14,4
. \I'400

,,ALI ......_
h.- 144'60az

........
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mo4
IllihoW

-
--......

6=60°
1

8=90°
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-s=va ,,A,N./va

Fig. 2.-

+0

G(0).= cost cut - cos 0 cos tot
dad- cos 0-e

0. - sin 0 cos 0
2(I- cos 0)

These formulae give the following values :

0 = 3o° 6o° 90°

F(0) 0.35 o.68 1.00
G(0) 0.34 0.61 0.79
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nearly proportional to 0
equal to 0.640, where 0 is
sufficient accuracy for all

es.
could be obtained, but not
r values of cc. If cc = 1.5,
e approximately 0.570.

ed value of 0, say 30° the
mates are calculated and
2, 3, etc. For example, if

I 2) = 27

0.35 = 0.692 0.34
a = - s = 0.31. This
the curves.

u
cos 0

This point is also
in Fig. 2.

On joining all the
points referring to
0 = 30° on the various
p curves, we get the
dotted curve marked
0 = 30°. Similarly for
other values of 0.

On joining all the
points referring to
p = 2 on the various
0 curves we get the
curve marked p = 2.
Similarly for other
values of p.

The u curves can
now be drawn. For
any value of u the
value of ia//r is cal-
culated from (6) ; this
gives the ordinate on
the corresponding 0
curve. For example
if 0 = 30° and u =100

oo

2
- 100

r

V3/
marked on the curve

Determination of Grid Circuit Constants

Since u denotes PY° Va we have

uVr Va (r8)
P.

Grid current only flows when vg is positive,



I

cos 0

cos cot - cos 0,
I- cos 0g

If we assume that the grid current varies
as the /3th power of the grid voltage

ig (cos tot - cos 0)07 ..
19 1 - cos Og / .. .. (23)

For the mean grid current we have
+ Og -1 eg

I=g igatOb = ... tg
27r

I 1 . 2 I cos cot - cos 09
27T j ( I -cos 0 g)

- Og -Og
1

(
IT
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and if the cut-off angle of the grid current
be 09 as shown in Fig. I we have

(V9 + f) cos 0, = Vg (19)

from which
Vg cos 0 g

= I - COS 0 g

Substituting from (2) we have
cos wt - cos Bg

g = V g

and therefore

vg/s9 =

The grid power consumption
+ eg

Pg = f vgigdt
27r

-Og

- V9i9F(O9)0 .
7T

The grid leak resistor must have a value
Vg 6g COS 0 g 7r

9 ig I - cos B9. F(0g)s

If alternating current is barred from the
grid leak circuit by a reactor, the power lost
in the grid leak will be

.. (20)

dwt

(24)

(21)

(22)
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In Fig. 3 five grid ratios are plotted as
ordinates, the abscissae being 09 as shown at
the top. The scale of Vg/69 at the base is
obtained from (20).

so° 60°

69

1 5

14

1

tQ

1

1

1

1

ET

la
,

01

__die iika..

.. (25)

(26)

RI - (27)

cos 0 g F(99)2
Pudf.)= V gig = °gig I - cos Og 77

. . (28)
If no reactor is employed there will be

additional loss of power in the grid leak
due to the superposed alternating current,
viz.,

(V9 6,,)2
Pt (+Lc.) = 2R9

which, from (19), may be written
/ V9 )2 g V 91

\ cos Bg 2V g 2 (cos 9)2 (29)PI (Lc.) -

0 0-I 0.2 0.5 5 10 20 50100 OD

The five curves in Fig. 3 refer to the
following ratios

I. /g/i from (24).
II. Pg/igiig from (26).

III. from (27)
Ioo tg/ig

IV. P10.01 11969 from (28).

V. P"'" from (28) and (29).
196g

In evaluating F(09)0 Frommer assumed
that fl = 2, i.e., that the grid current is
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proportional to the square of the positive
grid voltage ; this is based on a paper by
W. G. Wagen.er (Proc. I.R.E., Jan., 1937,
pp. 51 and 6o).

On this assumption
+ og

(cos cot - cos gN2

F(9g)13 = - cos 0 g ) dwi
- Og

0(I + 2 COS2 0g) - 1.5 S1112 Bg
2(1 - cos 09)2

On evaluating this for various values of
Vg between o and 90° and plotting it, the
resulting curve is found to differ very little
from a straight line through the origin, and,
consequently, to an accuracy more than
sufficient for all practical purposes,

F(09)2 = o.51 Og

where Og is in radians. F(0)2 is thus equal
to 0.79 F(0)1 for the same value of 0.

Formula (26) inyolves F(09)/3+ i.e.,
+

F(09)3 =
(cos wt - cos Bgls

dad2 I - COS ea
-o

This is also found to give a curve which
differs very little from a straight line through
the origin for values of 09 up to 90°, and one
can put

F(09)3 = 0.43 Og
where Og is in radians.

An Example
In the original paper Frommer takes as

an example of the application of the curves,
a triode (Taylor T4o) with a thoriated
cathode for 2.5 amperes at 7.5 volts. Its
amplification factor p, is 25, its continuous
rated anode voltage Va, 1,250 volts, and
its rated anode dissipation Pr, 40 watts.
For the basic current we have

Pr 4°/ =r
Va 1250

= 32 mA.

From the static characteristics of the valve
one finds that with Vg = o, an anode voltage
of 600 is required to give this current ; hence
V,. = 600.

If the permissible peak cathode current
is not given by the makers of the valve, a
value must be allotted to it. It is recom-
mended that this should be 8, 3o, or roo
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milliamperes per watt of heating power,
depending on whether the cathode is of
pure tungsten, thoriated or oxide -coated.
In the present case the cathode is thoriated
and the heating power is 18.75 watts ; the
peak cathode current may therefore be
taken as 18.75 x 3o = 563 mA.

The peak current occurs when the grid
voltage is a maximum and the anode voltage
a minimum (Fig. I), and it is assumed that
the limiting condition is that these voltages
are equal, i.e., bg = V gmh, It is necessary
to have static characteristics of the valve
giving the anode and grid currents for
various values of va with the grid connected
to the anode. One then finds the voltage
for which is + 2 ig is equal to the per-
missible peak cathode current. Twice ig is
taken as an approximate allowance for the
non -uniformity of the current due to the
proximity of the grid wires to the cathode.
If the grid wires are close together this
figure may be taken less than 2. In the
present example, it was found that when
a = vg = 130 volts, is = 400 mA and

ig = 85 mA, and therefore = 57o
mA.

Va mby 130The ratio  = = 0.104 and the
Va 1250

ratio
a = 400-

= 12.5.
I r 32

These are the abscissae and ordinates of
Fig. 2 from which we find that u = 1.7 and
p = 2.7 ; the point is marked in Fig. 2.

The grid bias can now be found from (r8),
and the output from (13).

u + Va (1.7 x 600) 125o
Vg = =_-

25
= 91 volts.

The output P2 = PPr = 2.7 X 40 = ro8
watts.

igtg = 0.085 X 130 = II watts, and
= 130/0.085 = 1530 ohms.

The remaining grid circuit values can now
be obtained from Fig. 3, the relevant abscissa
of 'which is

V9/719 = 91/130 = 0.7
or, since

cos Og = - = 9 -= 0.412,
V

V
g O

1g

221

0 g = 65 7° 
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From curve I

° = 0.2 and /. = 85 X 0.2 = 17 mA.
ig

From curve II

0.16 and Pg x 0./6 1.76
watts.

From curve III
Ri

= 0.4
I00 t°/i°

and
R1 = Ioo X.1530 X 0.4 = 612o ohms.

But as the curve_ cannot be relied upon at
such low values unless plotted accurately
on a large scale, the grid leak resistor is
better calculated from the formilla

V g 91=
Ig 0.017 = 535o ohms.

From curve IV
= 0.13

and
---- II X 0.13 = 1.43 watts.

If the grid leak resistor carries alternating
current then from curve V

Pi(a.c.) = 0.52

and
= II X 0.52 =5.7 watts

Since V. = 125o and v., = 130, the
amplitude of the anode a.c. voltage is 1120.
We have seen that the output power P2 is

- V2To8 watts and this rhust be equal to
where R is the effective resistance of the
load in the anode circuit ; hence

June, 1943

R = 11202,,
= 580o ohms.

2 X TOO

The amplitude of the grid a.c. voltage is
Vg Og = 91 + 130 = 221 volts ; hence

grid a.c. voltage 221
= 0.197anode a.c. voltage 1120

which is an important ratio in designing
the necessary feed -back if the valve is to
operate as an oscillator.

Frommer draws attention to the fact that
the valve may be so designed that the
permissible cathode emission is either excep-
tionally small or exceptionally large for the
rated anode dissipation. In the former case
the operating point would fall below the
u = o, 8 = 90° curve in Fig. 2 and, although
a slightly higher output could be obtained
by increasing 0 to about 120°, it is not con-
sidered desirable ; in such a case the point
on the u = o curve is taken, and the anode
dissipation correspondingly reduced below
the rated value.

If the permissible cathode emission is
exceptionally high the operating point on
Fig. 2 will fall in the region in which the
p curves are shown dotted. Instead of
determining the point on the v..= vg char-
acteristic for which i. 24 is equal to the
permissible peak current, the v. = vg char-
acteristic should be drawn on Fig. 2, the
co-ordinates being, of course, v./V. and
1.14, and the point found where a p curve
just touches it. Lower values of p cut the
characteristic, and higher values miss it
entirely ; the one that just touches it gives
the operating point and the value of p for
maximum output. The peak cathode cur-
rent will be smaller than the permissible
maximum, but the output will be greater
than would be obtained with the greater
cathode current. G. W. 0. H.
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The Signal Converter*
New Thermionic Discharge Tube for the Production

of the Time Base Deflection Potentials
of a Cathode -Ray Tube

By P. Nagy, Dipi. Eng., and M. J. Goddard, M.Sc.
(International Television Corporation)

Summary.-The purpose of this paper is to show that the signal converter is an ideal
electronic device for the production and synchronisation of the time base deflection potentials
of a cathode-ray tube. With the aid of the signal converter the accuracy of synchronisation
in television and cathode-ray oscillograph circuits is greatly enhanced. In television time -
base circuits the separation of the synchronising signal from the picture signal and the
separation of the frame synchronising signal from the line synchronising signal is avoided
and the complete television signal is automatically " converted " into the line and frame
scans. In contradistinction to known time -base circuits (using gas -filled relays or standard
hard valves) the output of the signal converter is -not triangular (saw -tooth) but trapezoidal ;
this trapezoidal output potential has inherent advantages over the triangular wave form ;
its significance is most apparent when considering the accurate synchronisation of a manifold
interlaced television picture.

It is further shown that the signal converter (Nagard Type I) is capable of delivering
substantially linear deflection potentials of the order of i,000 volts with a beam current of
less than a milliampere at a deflection frequency of zoo 000 cycles per second and using an
input potential of the order of a few volts only. Time -base frequencies of the order of
5o megacycles per second may be attained, using the signal converter principle.

The basic principles of conventional time -base circuits are discussed and compared
with those of the signal converter.

Different electronic solutions to achieve the conversion of a signal into its own time base
are dealt with. The electron optical design of the Nagard Type I converter and the reasons
for its adoption as the best apparent solution are described in detail and the performance of
the same is given on the basis of characteristic curves and oscillograms.

CONTENTS

1. Introduction.
2. Basic principles of conventional time -base
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3. The signal converter principle.
4. Secondary electron emission.
5. Different electronic solutions to convert a

signal into its own time base.
6. The electronic principle adopted for the

signal converter.
7. Design and construction of the signal converter.
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1. Introduction
THE signal converter is a deflection

modulated cathode-ray valve ; i.e., a
valve which has similar dimensions to

an ordinary radio valve, but in constructional
principles is similar to a cathode-iray tube
and in which the input signals are applied
to deflection plates, instead of to a grid.

* MS. accepted by the Editor, March, 1943.

It was designed to simplify and improve
the principles which hitherto have been
employed for the production and synchroni-
sation of the time -base deflection potentials
of a cathode-ray tube, as employed in the
television and oscillograph technique for the
visual observation of electrical phenomena.
While there are other uses for this tube, such
as scientific research applications, etc., this
paper is mainly concerned with the applica-
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tion of the tube in television and cathode-ray
oscillograph technique.

In a conventional valve the electrodes are
cylindrical and are built up in a concentric
manner, the cathode in the centre of the
system and the grid, auxiliary grids and
anode surrounding each other in turn. The
electrodes of a deflection -modulated cathode-
ray valve, however, follow each other in a
similar fashion to the electrode system of a
cathode-ray tube. In contradistinction to
a conventional intensity -modulated valve
the current drawn from the cathode of the
deflection -modulated cathode-ray valve may
be kept constant during modulation. The
image of the cathode (or the " crossover "
near the cathode) is sharply focused at an
output electrode and the input signals are
placed on a pair of deflection plates ; the
movement of the image due to the potential
changes on the deflection plates results in a
changing output potential.

During the authors' investigations which
were conducted to clarify the possibilities
and limitations of deflection -modulated
valves as amplifiers, frequency changers, etc.,1
it was realised that one of the most signifi-
cant applications of these valves is the
signal converters which is capable of con-
verting and amplifying any arbitrary signal
into its own time -base deflection signal.

It was also found that deflection -modulated
cathode-ray valves are in many respects
inherently superior to conventional valves,
especially so when used as amplifiers, fre-
quency changers, etc., at ultra -high fre-
quencies.

It is of interest to note that as early as
i9062 deflection -modulated valves were de-
signed for the amplification of electrical
signals. Lack of understanding of electron
optical principles and absence of knowledge
of the laws of secondary electron emission
were, however, insurmountable barriers, and
thus thermionic discharge tubes developed
on the lines of conventional intensity
modulation.

2. Basic Principles of Conventional Time -
Base Circuits.*

Time -base circuits were evolved as a
direct result of the development of the
cathode-ray tube. For the visual observa-
tion of electrical phenomena the cathode -
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ray, tube is an ideal device, as the electron
beam, which records the shape and ampli-
tude of the electrical signals on the fluores-
cent screen, has no inertia within the range
of frequencies in 'general use. To be able
to observe the shape of electrical signals
without distortion it is necessary to give
the electron beam a deflection which is
linearly proportional to time. This is
achieved by applying a linearly increasing
potential on a pair of deflection plates or a
linearly increasing current through a pair
of deflection coils. The signals which have
to be reproduced on the screen of the cathode-
ray tube are either placed on another pair
of deflection means (plates or coils) to deflect
the beam at right angles to the time -base
deflection while the beam current remains
constant, or are applied to the grid of the
cathode-ray tube to modulate the intensity
of the beam current. The first method
provides a two-dimensional picture of the
amplitude variations of a signal ; it is used
in the cathode-ray oscillograph. The second
method provides a picture of the amplitude
variations of the signal in terms of light
intensity ; it is used for television pictures,
where the complete picture is " scanned "
by two time bases at right angles to each
other, the line and frame time bases.

A time base need not necessarily be linear.
For certain applications sinusoidal (particu-
larly in high frequency investigations), circu-
lar or even spiral time bases may be pre-
ferred4 ; the linear time base is, however,
the most important.

As the dimensions of the screen of a
cathode-ray tube are limited, and as in most
cases it is essential to produce a visually
observable image, and nearly all electrical
phenomena are periodic, the time base
deflection is interrupted periodically ; the
result is a saw -tooth wave -form as shown
in Fig. 'b. Thus the electrical signals are
split up into sections, each occurring within
a given time period. The- signals during
each time period should be of the same form,
thus overlapping each other to produce a
stationary image on the screen. This re-
quires that the frequency of the time -base
oscillation should be an exact and constant

* A complete account of the most important
time -base circuits will be found in a paper by
0. S. Puckle, see Bibliography.
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submultiple of the periodic frequency of the
signals. The best way to achieve this is
by locking or synchronising the time -base
oscillations with the signals.

C=

VALVE
2

0
H T.+

H-°

R6 SIGNAL
INPUT

SYNC.

O

ma

Z

5'7,

(A)
0

OUTPUT

AAA
ran

( b)

Fig. I.-Circuit of a conventional time base
(a) and the relation between the time -base out-

put and the sync. signal (b).

For the investigation of transient pheno-
mena " single stroke " linear deflection is
used. These images are, however, seldom
observable visually, but they can be investi-
gated photographically.
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In what follows it is not intended to
discuss the different types of time -base cir-
cuits in detail and to analyse their compara-
tive merits and disadvantages, but rather to
point out with the aid of a prototype the
basic principles which are common to
all time bases at present employed in
practice.

These principles may be conveniently dis-
cussed in connection with Fig. la, which
shows an advanced version of a circuit using
a gas -filled relay.

There are two ways of producing a linear
time -base trace, namely, by using a con-
denser or an inductance. In the former case
a constant charging current builds up a
linearly increasing potential, while in the
latter case a constant d.c. potential across a
pure inductance results in a linearly in-
creasing current. Most of the time bases
employed to -day are of the capacitive type,
because it is very much simpler and more
economical to deal with condensers, especi-.
ally when a large range of time -base fre-
quencies is dealt with, as, for example, in
cathode-ray oscillographs.

Every time -base circuit may be divided
into two distinct parts, namely, that which
controls the time -base trace (Valve I, R,,
R2, R3, C, in Fig. 1) and that which
effects the fly -back motion (Valve 2, R4, R5,
R6, .

In Fig. i the condenser C is charged via
a pentode (Valve I). When the potential
across C reaches the, critical ionisation
potential of the gas -filled relay (Valve 2)
the condenser discharges through Valve 2,
and the whole charging and discharging
cycle starts again ; the resulting time -base
output potential across C is shown in Fig.
ib. The resistance R3 controls the grid
bias and thus the anode current of the
pentode, i.e., R3 regulates the steady charging
current of the condenser C and thus the
frequency of the time base. R4 controls
the rapidity of the discharge of C through
the gas -filled relay. R5 defines the bias and
thus the ionisation potential of the gas -filled
relay, i.e., it controls the amplitude of the
time -base output potential. The synchronis-
ing signals are applied to the grid of the
gas -discharge valve.

It should be noted that the circuit of
Fig. ra, as indeed all time -base circuits
hitherto known, is a saw -tooth generator



276 WIRELESS
ENGINEER

locked by a synchronising signal. While it
may sound strange to those conversant with
the art, it is nevertheless possible to imagine,
perhaps more easily by the uninitiated, the
signal under examination to be transformed
or converted into its own time -base potential
variation. To those who are not too accus-
tomed to conventional technique this solu-
tion would appeal because thereby the
necessity of synchronisation is altogether
eliminated. In contradistinction to con-
ventional circuits, the signal converter is
capable of converting any arbitrary signal
into its own time base.

To be able to form an opinion about the
efficiency of a time -base circuit the following
points should be considered :

i. Linearity of time -base potential.
2. Maximum limiting frequency.
3. Power supply necessary.
4. Maximum output potential ; ratio

of supply potential to maximum
output potential.

5. The accuracy, ease and stability of
synchronisation.

(I) The linearity of the time base depends
on the constancy of the current charging the
condenser (C in Fig. i) across which the
time -base potential variations are produced.
The basic circuit consists of a constant
source of potential, which charges the con-
denser via a current -limiting componeV ;
this component is either a resistance or a
hard valve-the latter is superior. When
a resistance is used, as the potential across
the condenser increases, the charging current
decreases in accordance with the well-known
exponential function

i = io
so that only a limited section of the exponen-
tial curve may be regarded as a reasonable
approximation to a straight line, thus only
a small part (about 20 per cent.) of the poten-
tial of the source may be usefully employed
for the time -base potential variations. This
last condition is more favourable when the
ohmic resistance is replaced by a high -
frequency pentode. This solution, however,
also lacks perfection ; for example, in Fig.
r a, as C charges up, the anode potential of
the pentode decreases, resulting in a corre-
sponding decrease of the anode current.
This reduction of the anode current occurs
in all high -frequency pentodes built on
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conventional lines, as the internal resistance
of such valves is of the order of a few meg-
ohms and cannot conveniently be made
higher. When the potential variations across
C are of the order of a few hundred volts the
lack of constancy of the anode current is of
the order of 5 to 10 per cent.

From the above it is apparent that a valve
wherein the reaction between output and
input systems is eliminated, i.e., a valve
having an internal resistance approaching
infinity, would approach the ideal condition
in which the charging current is constant.
To eliminate the lack of constancy of the
charging current when a resistance or high
frequency pentode is used, correcting circuits
have been developed ; these are, however,
of considerable complexity and only approxi-
mate to the ideal solution.

(2) The maximum frequency which is at-
tainable in a gas -filled triode time base is
limited by the particular conditions prevail-
ing in a gas -filled valve'; the practical limit
with gas -filled triodes is at 50 000 c/s ; using
complex circuits, however, frequencies of
the order of i Mc/s have been reached.'

The highest frequency attainable when
employing hard standard radio valves is of
the order of 500 000 c/s, while using powerful
amplifiers " scanning speeds " of fl'oo volts/

o-7 sec. and saw -tooth frequencies of
14 Mc/s have been reached7' 8' 9' 10. Here
the limitation is due to the finite values of
the inter -electrode and circuit capacitances
and due to the large currents necessary for
the increased charging, and especially dis-
charging, speed to attain these high fre-
quencies. The above frequency limits are
quoted from the latest literature on the
subject, some of which fails to specify the
saw -tooth output potentials at which these
frequency limits are reached. When corn,
paring the frequency limitation of time -base
circuits one should bear in mind that the
highest frequency attainable is inversely
proportional to the maximum amplitudes of
the output potential of the time base ; thus
when specifying the maximum frequency of
different circuits the output potential should
be given. The best specification is the
maximum scanning speed, i.e., the maximum
rate of charging of C in volts per microsecond.

To extend the frequency range of hard -
valve time bases it would be possible to
generate a saw -tooth signal of small ampli-
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tude and use an amplifier ; this, however,
would be most impracticable, as a saw -tooth
signal is rich in higher harmonics and thus
at frequencies of the order of several mega-
cycles per second only small resistance
values could be employed as anode loads,
and these in turn would require the use of
very powerful valves.

(3) The addition of an amplifying stage to
a saw -tooth generator means a great wastage
of power. In the circuit of Fig. z the least
wastage of power would be attained when C
is represented only by the unavoidable
capacitance of the deflection plates of the
cathode-ray tube.

If one could limit the capacitance of the
deflection plates of a cathode-ray tube and
of the components associated with the time -
base circuit to a few micro-microfarads, the
power required for the deflection would be
very small. A cathode-ray tube may be
compared to an " ideal relay " or to a
`%-voltage amplifier " in contradistinction to
the output stage of a sound amplifier re-
quiring watts." As the deflection plates
of a cathode-ray tube represent a pure
capacitive load, the time -base generator
should employ only this capacitance as a
load and should avoid the use of any resistive
loads parallel to it. In the signal converter
this condition can be fulfilled.

(4) As already mentioned when considering
point z, in time bases employing a resistor
to control the current charging the condenser
only 20 per cent. of the supply potential can
be usefully gained for the saw -tooth output.
Replacing this resistance by a high -frequency
pentode enables the gain ratio of saw -tooth
to output potential to be raised considerably,
as the anode-current/anode-voltage charac-
teristics of a pentode may be used up to the
" knick " of the curves. The gain ratio of
the signal converter is above 90 per cent.

(5) The circuit of Fig. za is synchronised
in the following manner : as the potential
across C rises and approaches the critical
discharge potential of the gas -filled triode
the synchronising signal, which is applied
to the grid of V,, is in such a phase as
to reduce slightly the critical discharge
potential and thus the synchronising signal
will initiate the discharge.

In Fig. ib the useful time -base trace Tt,
is controlled by the synchronising signal T,.
But note that the start A of the synchronising

signal initiates the discharge of the gas -filled
triode ; this discharge is " out of control " ;
that is, the rapid discharge of the condenser
C continues until the potential across the gas -
filled triode drops to such an extent that
the discharge extinguishes itself. At this
moment B', that is when the fly -back period
is terminated, the scan starts automatically.
In other words, the synchronising signal
controls only in an indirect fashion the start
of the useful scan T,,,. While the above
description may appear unnecessarily de-
tailed and obvious, it is of significance to
realise that the time base is synchronised at
the start of the fly -back period Tf Not the
scan but the fly -back is synchronised. To
achieve accurate synchronisation -of the
useful signal component it is essential to
keep the scan and fly -back time intervals
constant relative to each other. Obviously
the fly -back is only a necessary means which
interrupts the continuous useful scan and in
most applications this means is made in-
visible by biasing the grid of the C.R. tube
negative during the synchronising pulses T.

It would be a superior and more stable
type of synchronisation if also the start B'
of the useful scan could be controlled, but
unfortunately all the conventional time -base
circuits employ the former kind of syn-
chronisation. While this serves the purpose
in a number of applications, in some im-
portant uses (television, etc.) it introduces
unnecessary complexity of the synchronising
signal generation.

Apart from the accuracy of synchronisa-
tion, which has been hinted at above and
which will be dealt with later in greater
detail, being of considerable significance, the
ease and stability of synchronisation should
also be considered when judging the merits
of a time -base circuit.

The smaller the signal amplitudes sufficient
for the satisfactory synchronisation of thb
time base, the better. For example, in the
signal converter " tight " synchronisation is
achieved with amplitudes of the order of af
fraction of a volt.

The stability of synchronisation may be
affected by the influence of mains variations
or changes of temperature, etc. For example,
the use of a saturated diode as the charging
valve in Fig. I was superseded by a high -
frequency pentode, as being less sensitive
to the variations of the mains. Or again, the



I

278 WIRELESS
ENGINEER

fly -back interval is affected in a gas -filled
triode time base by changes of temperature ;
temperature has an influence on ionisation
and thus on the critical discharge pofential.

The authors have endeavoured to present
in this section the principle of a conventional
time -base circuit based on a prototype ;
it would, however, assist the reader to study
the bibliographical references, for he could
thus more fully appreciate the basic difference
between the principle of conventional time -
base circuits and that of the signal converter.

3. The Signal Converter Principle

In the circuit of Fig. i the condenser C is
charged by the anode current of the high -
frequency pentode and is discharged by the
Kas-filled triode. To be more accurate, that
plate of the condenser which is in contact
with the anode of the high -frequency pentode
is charged in a negative direction by the
pentode and in a positive direction by the gas -
filled triode. Since both these valves-indeed
all " valves " having thermionic cathodes,
as, in fact, their name implies-conduct
current in only one direction, it is essential
that two separate valves should be employed
for the charging and discharging.

It is apparent
that if an electronic
discharge " valve
could be made to
conduct current in
both directions,
similarly to an a.c.
component, the
charging and dis-
charging of the con -

Fig. 2.-Deflection-
modulated cathode-

. ray valve suitable for
the " conversion " of

signals.

denser C could be accomplished by a single
valve.

This is the basic principle of the signal
converter, which thus marks a fundamental
development in thermionic valve technique.
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With the aid of a valve shown in Fig. 2,
for example, the condenser C may be charged
in a positive or negative sense. The valve
consists of a cathode K, an electron optical
focusing system : G1, A, M, G2, a pair of
deflection plates P1, P2, and an output elec-
trode D. The image of the cathode K is
focused with the aid of the grid G1, the
anode A and the magnetic focusing coil M
into a narrow spot or line at the output
electrode. The output electrode is divided
into two parts : D, and D2. The part D1
consists of, or is coated with; a conductive
"material which has a secondary electron
coefficient smaller than unity, D2 consists of,
or is coated with, a material which has a
secondary electron coefficient larger than
unity ; thus when the electron image is
deflected by an alternating potential placed
across the deflection plates 131, P2, so as to
fall in turn wholly on the part D1 and wholly
on the part D2 of the output electrode, the
current flowing to the condenser C will
change its direction. With the aid of
secondary electron emission a " hard "
discharge valve may be thus transformed
into an " a.c. component."
' To facilitate the understanding of the

above and following subject matter of this
paper it is desirable to deal with secondary -
electron emission in general, and in particular
with the charging up or equilibrium poten-
tial of a secondary emissive' surface when
bombarded by primary electrons of different
velocities.

4. Secondary Emission
Any surface, metal, semiconductor or

insulator will emit secondary electrons when
struck by primary electrons. The secondary
current (at constant primary electron veloci-
ties) is proportional to the primary current.
This is true within wide limits. Measure-
ments ranging from very low to high primary
current densities show the secondary -emis-
sion coefficient to be constant ; the highest
primary current densities used by the
authors were of the order of zoo milliamperes
per square centimetre.*

* It is difficult to deal with such highly con-
centrated beams due to space charge effects ;
carefully designed electrodes situated as close as
possible to the secondary emissive surface will,
however, almost eliminate the negative field due
to the high concentration of electrons.
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The secondary -emission coefficient, i.e.,
the ratio of secondary to primary electrons,
as function of the primary electron velocities
is the characteristic curve of a secondary
emissive surface ; it gives all the information
required regarding the charging up potential

0a0
2 LL

0

5
0

-r
V2

VI

VI V2

V.SCREEN POTENTIAL
(PRIMARY ELECTRON VELOCITY)

Fig. 3.-The S/P characteristic (a) and the,
equilibrium potential (b) of a typical secondary

emissive surface.

of the secondary emissive surfaCe.11 In
Fig. 3a is seen a typical characteristic. In
Fig. 4 the secondary emissive layer D is
bombarded by electrons emitted from the
cathode C, having a " velocity " V volts.t
The screen grid G and the anode F are at the
same potential V. The equilibrium poten-
tial of the layer D (see Fig. 3b), when the
primary electron velocities are increased
from zero upwards, show three sharply
defined ranges, indicated by I, II and III
in Fig. 3.

Range I. For velocities between zero and
V1 the secondary -emission coefficient is
smaller than one, i.e., more electrons reach
than leave the surface D and it charges
negatively. The accumulation of the nega-
tive charge is, however, limited ; when the
potential of the cathode is reached the
primary electrons are not attracted any
more by a .positive potential and cannot
travel as far as D. Thus in Range I the

t The accelerating voltage to which an electron
is subjected is a measure of the velocity of the
electron.
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potential of D is equal to the potential of
the cathode4

When the " velocity " of the primary
electrons is exactly V1 volts the secondary -
emission coefficient is equal to one, the
number of electrons reaching and leaving

( a )

( b )

Fig. 4.-Thermionic
device for the investiga-
tion of the equilibrium
potential of a " floating "

output electrode.

the surface D is the same and the potential
of D" is and remains " V1 ; in this statement
and during the following discussion referring
to Ranges II and III it is assumed that the
potential of D must be equal to or higher
than V, at the start of the electron bombard-
ment. Point A of the S/P curve is a critical
point ; the potential of the bombarded
surface D is not in stable equilibrium, i.e.,
the slightest potential change of the anode
close to V1 in the negative direction will
result in a sudden jump of the potential of
D from V1 to cathode potential.

At this juncture the importance of the
influence of the initial potential of the
bombarded surface D should be emphasised.
If at the start of the bombardment D is at

I The equilibrium potential will be very nearly
equal to the cathode potential ; due to the initial
velocity of the electrons it has the tendency to
become a fraction of a volt more negative than the
potential of the cathode, the effect of the initial
velocity of the primary electrons is, however, mostly
counterbalanced by the effect of space charge
resulting in an equilibrium potential which is
slightly positive relative to cathode.
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cathode potential this cannot be increased
whatever may be the potential of the
acceleiating electrodes F and G. All pri-
maries are slowed down almost to zero
velocity (cathode potential) just before
reaching the secondary emissive surface
and thus the conditions of Range I prevail
and the equilibrium potentials of Ranges II
and III in Fig. 3b could not be attained.*

Range II. At the primary electron velo-
cities ranging from V, to V2, the secondary
emission coefficient is higher than one.
If the potential of the surface D is more
negative than the potential of G and F, all
the secondary electrons are collected by
G and F.t More electrons will leave than -
reach the surface D, which thus charges in a
positive sense. The potential of D increases
until it is equal to the potential of G, when
some of the secondary electrons return to D,
and a condition of equilibrium is reached, at
which the number of secondaries leaving D
and collected by G and F is equal to the
number of primary electrons reaching D.
This equilibrium potential is equal or very
close to the potential of G, since secondary
electrons have low initial velocities 'of the
order of a few volts.

* Taking the arrangement of Fig. 4 it is useful
to examine what the potential of the electrode D
is likely to be before the start of the bombardment.
The secondary emissive surface D is a " floating
electrode ", let the resistance between D and the
other electrodes be infinite (unavoidable leakage to
G and F is not taken into account). It is well
known that when an electron discharge takes place
in good vacuum the gas molecules are ionised.
(The positive ion current is proportional to the
electron current and the pressure.) If there is no
electron current some minute ionisation of the
molecules may still take place in a positive electro-
static field, e.g. in the space surrounded by G and F.
Then the positive ions tend to charge D to the
same potential as that of G. Secondary electron
emission due to the ion current and the electrostatic
influence of the screen grid G has the same effect
on D.

If there is any leakage between D and G, D again
acquires the potential of G. Whichever effect
should prevail the tendency is to keep the potential
of the secondary emissive surface positive and equal
to the anode potential. Thus if it is desired to
investigate the equilibrium potential of the second-
ary emissive surface in Range II the anode potential
should be present before the heater of the cathode
is switched on ; only then will the primary electrons
reaching the 'surface D acquire velocities equal to
or higher than V1.

t This is true in all three ranges as long as the
screen grid is kept at a more positive potential than
the bombarded secondary emissive surface.
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If the potential of the surface D is initially
more positive than the potential of G and F,
the secondary electrons are all returned to
D, which, therefore, charges in a negative
sense until the above -mentioned equilibrium
potential is reached.

Fig. 3b shows the equilibrium potential of
the surface D as function of the primary
electron velocities"

Range III. When the anode potential
increases above V2 the potential of D
remains constant at V2 ; in Range III the
secondary electron emission coefficient is
lower than one. When the initial potential
of D is higher than V2, but lower than the
anode potential, then all the secondaries are
collected by G and F, but more primaries
reach .D than there are secondaries and thus
D charges negatively until, at the point
B, S/P is equal to unity and the emissive
surface is again at an equilibrium potential.

When the initial potential of D is higher
than the anode potential all electrons,
primaries and secondaries, are collected by
D charging it negatively until the point B
is reached again.

In the above it was shown that the re-
spective positive and negative charging
efficiency and the equilibrium potential of a
conductive secondary emissive surface is

defined by the velo-
S/P city of the primary

electrons bombard-
ing it. When high
charging efficiency
is required caesium -
caesium oxide, ba-
rium -barium oxide,
magnesium, beryl-
lium, etc. 12' 13. 14.

layers -may be used
with a maximum
normal S/P of 6 to
12. In the case of
most of the efficient
secondary emissive
surfaces the critical

potential V1 is of the order of 5o volts, while
V2 is above 2,000 volts. The maximum S/P
is at voltages of the order of 300 to 600 volts.
The S/P characteristic. is independent of the
temperature of the layer.12. 15 It is very
critical to the direction of the incident
electrons. S/P is smallest when the path of
the electrons is normal to the secondary

60° 30° ° 30° 60°
+

ANGLE OF INCIDENCE.OF
PRIMARY ELECTRONS

Fig. 5.-Relation be-
tween the secondary emis-
sion coefficient and the
angle of incidence of
the primary electrons.

a.



June, 5943 WIRELESS
ENGINEER

emissive surface. S/P increases as the angle
of incidence increases, 16. 12 as shown in
Fig. 5.

The physics of the secondary emissive
layers is a much too complex subject to
discuss here with any completeness ; the
above considerations relate specifically to the
subject matter of the deflection -modulated
cathode-ray valve.

5. Different Electronic Solutions to Convert
a Signal into its own Time Base.
Perhaps the simplest way to divide a

floating output electrode into a " negative "
and a " positive " part is the electronic
solution which has been described in Section 3
and shown in Fig. 2. Here the negative half

200 400 600 800 1,000 1,200 VOLTS

-1. V

Fig. 6.-The SIP characteristic of Cs - Cs20
and C.

has a secondary electron emission coefficient
less and the positive half more than unity.

During the charging and discharging
process the screen G2- is kept more positive
than the output electrode ; all the secondary
electrons, from the negative and positive
half of the output electrode, are collected by
this screen. For example, the negative half
may be constituted by a carbon coating and
the positive half by a Cs - Cs20 surface
which is known to be one of the best secpnd-
ary electron emitters. The S/P characteristic
of carbon and Cs - CO are shown in
Fig. 6.

When the electron beam falls on the carbon
half all the conditions of Range I prevail.
As a matter of fact, Ranges II and III have
no significance for carbon ; always more
electrons will reach the surface than leave it,
so that the tendency of the output electrode
is to reach the potential of the cathode.

When the beam falls on the Cs - Cs20
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half, assuming that the primary electron
velocities are kept within Range II of the
Cs - Cs20 characteristic, the output elec-
trode loses more electrons than it gains and
it charges positively.

As long as the potential of the output
electrode changes between the characteristic
points A and B of the S/P characteristic
(see Fig. 3), the proper operation of the
device is ensured. It is, however, hardly
possible to fulfil this condition in practice ;
this and other disadvantages make the
adoption of this solution undesirable ; these
disadvantages are as follows :

(a) Ifduring the operation of the device
-the potential of the output electrode
decreases below the critical potential V,
(see Fig. 3) of the Cs - Cs20 surface the
" positive " half would also charge in a
" negative " direction because in Range I
S/P is smaller than one, the output electrode
would " stick " to the potential of the
cathode and the converter would cease to
function. This " choking " can hardly be
avoided. The floating output electrode is
loaded by a condenser. It can be biased to
a safe potential above VI only with the aid
of a resistance' (e.g., R in Fig. 2) ; to make the
biasing really effective the value of R should
be of the order of the capacitance of C ; this,
however, would be hardly possible as by
employing such an additional resistive load
the linearity of the rise of the, time -base
potential would be destroyed.

(b) The charging efficiency of the negative
half would be low ; only a fraction of the
total beam current could charge the output
electrode negatively. The reason for this is
that it is very difficult to produce a surface
with a secondary emission coefficient lower
than o.5. Carbon Black has one of the
lowest known secondary emission co-
efficients and its average S/P is still of the
order of 0.5. It is also very difficult to
obtain uniform results when trying to pro-
duce layers with low secondary emission ;
impurities increase the secondary emission.

(c) It is essential that the scanning part
of the time -base potential should be linear ;
as may be seen from the S/P characteristics
neither the charging of the positive nor that
of the negative half can be kept constant
due to the changing S/P values as function
of the output electrode potential.

The choking of the valve may be eliminated
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by using for the negative and positive half
of the output electrode surfaces with greatly
differing critical potentials V2. For example,
for the negative half molybdenum and for
the positive half platinum may be employed.
The respective S/P curves are shown in
Fig. 7. The molybdenum surface is employed

SIP

2 4 6 8 10 12 16 18 20 22

V

Fig. 7.-The S/P characteristic

14 24 26 28 30X100VOLT5

of Pt and Mo.

in Range III, and the platinum surface in
Range II.

The potential of the output electrode can
change between the critical potentials V2 of
the Mo and Pt surfaces. The critical potential
of the Mc surface is of the order of 12oo volts;
this is inconveniently high and it is diffi-
cult to find substances with lower critical
potentials V2. The useless d.c. potential
1/2. and the inefficiency of the negative half
cycle make the use of this solution rather
unattractive, and the non -linearity of the
charging remains.

The disadvantages of the above solutions
are eliminated by using a simpler and more
efficient principle and one which has been
adopted for the signal converter. This
principle will now be described in detail.

6. The Electronic Principle adopted for the
Signal Converter

A schematic representation of the electron
optical design and the circuit of the signal
converter is given in Fig. 8. Here the
drawing of the signal converter approximates
closely to the actual electrode design (Fig. 12),
as may be judged from the photograph of
the signal converter shown in Fig. 9. In
contradistinction to conventional cathode-
ray tube design, where the electrodes of the
electron lenses have rotational symmetry
and circular apertures, the electrodes of the
signal converter lack rotational symmetry
and have rectangular apertures. The result-
ing electron lenses correspond to cylindrical
lenses in optics ; a more detailed discussion
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of this is given in Section 7. The plane of
Fig. 8 is a cross-section of the signal con-
verter in the direction in which the rect-
angular apertures are smallest ; they may be
visualised as being elongated in a plane
perpendicular to the plane of the drawing.
The cylindrical optical system has been

adopted to increase the total beam
current available to any required
value, and that this is possible while
retaining sharp focusing is of real
significance in deflection modulated
cathode-ray valves. Sharp defini-
tion of the electron image is only
required in one dimension, so that
the cathode and the line electron
image may be elongated indefinitely
in the other dimension.

The electrons emitted from the indirectly -
heated cathode K are drawn by the first
anode A, through the potential barrier of the
negative grid G and are concentrated into a
line (cross over) close to the opening of the
grid. The electrons then entering the first
anode form a narrow divergent beam which
in turn is focused into a sharp line image at
the tip of the member Y by the lens formed
by the first and second anodes A1 and A,.

INPUT
SIGNAL

-AT

Fig. 8.-Circuit of a signal converter.

Within the second anode' system is the
deflection plate P, which may be regarded
as an integral part of the second anode system
itself.. By applying input signals across the
resistances R2 to the plate P the electron
image may be deflected across the output
electrode X - Y.

For specific purposes the output electrode
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may be divided into the " positive " and
" negative " parts in various ways ; the
system adopted for the signal converter is

Fig. 9.-The Nagard converter Type I.

that shown in Fig. 8, employing the screens
G1 and G, in association with an output
electrode consisting of members X and Y.
Using this output electrode system eliminates
choking of the valve and, inefficiency and
lack of constancy of the charging of the
negative part.

In contradistinction to the solutions men-
tioned in Section 5, both parts, X and Y,
consist of, or are coated with, a substance of
high secondary electron emission.

When the electron image falls on" the
member Y, the positive part, the output elec-
trode is charged according to the condition of
Range II (see Fig. 3 and Section 4) ; second -
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ary electrons are emitted from Y and are
collected by the screen grid G2, which is at
first anode potential. Disregarding the effect
of space -charge, it can be assumed that all
the secondary electrons are collected, by the
screen grid as long as it is at a more positive
potential than the output electrode. In
Range II the secondary emission coefficient
is greater than unity ; thus the output
electrode charges in a positive sense. If the
electron image remains sufficiently long on
the member Y, the potential of the output
electrode rises to the equilibrium potential,
which is near the potential of the screen G2.
The load of the signal converter is the pure
capacitance C ; then the potential V of the
output electrode is determined by the
charging current i, the charging time t, and
the capacitance :

V =itIC.
Assuming that the total beam current ib falls
on the member Y, the effective charging
current i is equal to the current emitted,
which is the product of the beam current
and the secondary emission coefficient, less
the incident beam current, or

= ib (S/P - I).
The charging potential of the output elec-
trode as a function of time is shown in
Fig. ro ; it should be noted that the potential
is proportional to the charging time alone if
the beam current and the secondary emission
coefficient remain constant.

When the electron image falls on the
member X, the negative part, the secondaries
which are emitted are prevented from leaving
the neighbourhood of the output electrode
by the electrostatic field of the suppressor
screen G1, and are made to return to the
output electrode, thus charging it in a
negative sense. If the image remains suffi-
ciently long on X, the potential of the output
electrode reaches a value near the potential
of the auxiliary electrode G1. Here equili-
brium is again attained between the electrons
reaching and those leaving the output
electrode (see Fig. ro, curve 2) provided that
S/P is greater than unity, to achieve which
the potential of Gl is kept within Range II.

The operation of the valve depends on the
output electrode always having an S/P
greater than unity. S/P falls below unity if
the velocity of the primaries falls beloW some
minimum value, which is the critical potential
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V1 (Fig. 3). The primary electrons must
never have a velocity less than this minimum,
otherwise the potential of the output elec-
trode will fall to cathode potential and
" stick there, choking the amplification of
the signal converter. It is for this reason
that G, is given a positive bias potential.

The suppressor screen G1 also ensures that

Fig. io.-The " output" of a con-
verter. The relation between the
equilibrium potentials Vol, Vol
and the output. Curve 1, i1 and
S/P = constant; curve II, i =
constant, S/P = constant or variable ;
curve III, ib = constant, S/P =
variable ; curve IV, combination of
curves II and III. V02 = potential
of screen G2 : V G+ = potential when
some of the secondaries start to return
to the output electrode: V0_ = potential
when the suppressor screen starts to
collect some of the secondaries :
V01 = potential of suppressor screen G, : V1 = " critical potential "

surface of the output electrode : V0 = potential of the
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cathode, and secondaries may reach it, having
passed through G2, but as is explained in
greater detail in Section 7, this may be
avoided by applying a sufficiently large
potential difference between P and G2.

When now an alternating potential is
applied to the deflection plate, the electron
image is made to oscillate between the

0

the charging current of the negative part of
the output electrode is independent of S/P
and is equal to the beam current at all
potentials of the output electrode. It is
assumed that the total beam current will
pass through G1, a condition which can
easily be fulfilled.

The positive bias of the suppressor screen
does not limit the amplitude of the time -base
output appreciably ; the critical potential
V1 of most of the efficient secondary emitters
is of the order of only 5o volts.

The screen G2 serves not only to collect
secondaries liberated from the positive part
Y of the output electrode, but also to screen
the body of the valve from the electrostatic
fields produced by the potentials of the
output electrode and the suppressor screen.
The screening of the body of the valve from
the potentials of the output electrode
eliminates feed -back between the output
electrode and the input members of the
valve. The impedance of the valve is thus
very high.

It is important that the deflection plate P
should not collect primary or secondary
electrons of any kind, i.e., it should act in
the same way as an ideal control grid which
is biased negatively relative to the cathode.
The deflection plate is positive relative to

TIME t

VG

VG+

_LVG -

VG,
V,

Vo

of the secondary emissive
cathode.

positive and negative parts of the output
electrode, and an amplified and converted
signal, a time -base signal, is produced on the
output electrode. The width of the image
is made very small compared with the ampli-
tude of the deflection so that during the
oscillations it falls entirely on one or the
other portion of the output electrode through-
out substantially the whole of the deflection
cycle ; the time during which it falls partly
on one portion and partly on the other is
negligible. During the time that it falls on
Y, the output electrode charges positively
in an approximately linear function of time,
and during the time it falls on X, the output
electrode charges negatively in a substantially
linear function of time (see Fig. io). The
result is that, whatever the form of the
input signal, the output is a saw -tooth or
trapeze -shaped signal. The potential of the
output electrode may alternate between the
potentials of the screens G1 and G,; whether
it will reach both these extreme potentials
depends on the value of the beam current
and the times of charging and discharging.
Theoretically the image could oscillate at
such' a high frequency that the output
electrode does not reach either of the
limiting potentials. In the circuit of Fig. 8,
however, the mean potential of such an
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output saw -tooth signal would be unstable.
Stable working would require that the
image should oscillate about the " ideal
symmetrical position " in which the charging
of X and Y is equal ; if the charging efficiency
of X and Y is equal, this position is that in
which half the image falls on Y and half on
X. The slightest displacement of the mean
position of the image towards the member Y
would charge the output electrode to the
potential of the screen grid, while the
slightest displacement towards the member X
would charge it to the potential of the
suppressor screen. To avoid such instability
the time -base signal should commence and
terminate on one of the limiting potentials
in each cycle. '

It is advantageous that the image should
fall on the negative part of the output
electrode during the scan period and on the
positive part during the fly -back period.
The advantages are ,twofold. First, the
charging of the part of the output electrode
on which the electron image falls during the
scan period must be constant at all potentials,
for only then is the change of the output
potential a direct linear function of the
charging time. As already mentioned, the
suppressor screen ensures that the charging
current of the negative part is equal to the
beam current, which is constant, and is
independent of the potential of the output
electrode. Secondly, the charging efficiency
during the fly -back period should be much
higher than during the scan period ; this
condition is satisfied if S/P of the positive
part is high. The secondary emission need
not be constant ; what really matters is that
the fly -back should be as fast as possible, as
the output electrode must reach the potential
of G, in a time interval which is shorter than
the fly -back period. In these conditions the
start of the scan coincides with the potential
of the screen grid, the time -base output is
trapeze -shaped and the most negative value
of the scan is advantageously more positive
than the suppressor screen (see curve 4 of
Fig. 1o).

If ,the actions of the respective parts of the
output electrode are interchanged and the
phase df the input signal reversed so that
the image falls on the positive part during
the scan period and on the negative part
during the fly -back period, the charging
efficiency of the latter could be increased by
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using the output electrode system shown in
Fig. 20 (see Section io). It would be neces-
sary, however, to correct for the changing
S/P characteristic of the positive part, as
this is a non-linear function of the primary
velocities, and to select a substance with a
low secondary emission coefficient.

The charging efficiencies of the X and Y
parts of the output electrode of Fig. 8 may
be adjusted relative to each other by other
means than the choice of the secondary
emission coefficient of the positive part. For
example, the negative charging efficiency
may be reduced by shaping the member X
or by blocking out part of the image falling
on X. Also the synchronising signals
(Fig. ib) may be applied to the grid of the
valve controlling the intensity of the beam,
and thus the fly -back may be made as fast
as desired.

7. Design and Construction of the Signal
Converter

As has been pointed out in Section 6, the
electron image formed in the region of the
output electrode requires definition only in
the direction of the deflection. In the
direction normal to the deflection the electron
image can be elongated. Accordingly, in
order to provide a higher beam current, a
cathode is employed which is elongated into
the form of a long, narrow strip, and a
" cylindrical " electron -optical system is
employed.

The term " cylindrical " is here applied to
electron lenses whose behaviour is analogous
to that of cylindrical lenses in optics, i.e.,
their focusing action is in one dimension
only. In electron- optics a true cylindrical
lens is provided by an electrostatic field
which is symmetrical about one axis but is
uniform in one direction normal to that axis.
Such a field is obtained when a difference of
potential exists between electrodes which are
provided with apertures of infinite length.
This is impossible in practice, but a close
approximation is obtained to this condition
when electrodes are employed having long,
narrow apertures. A system of this type is
used to focus the electrons from the elongated
cathode into a line image in the region of the
output electrode. The fact that the apertures
are of finite length provides a residual
focusing action in the direction parallel to
the line of the cathode, which is useful in
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preventing the electron beam from diverging
unduly in that direction.

There is considerable literature available
concerning " spherical " electron - optical
systems, but literature concerning cylindrical
electron -optical systems is scanty. The
behaviour of cylindrical systems is, however,
very similar to that of spherical systems.
It can be shown that, for paraxial electrons,
the power of a cylindrical electron lens is
exactly double that of the spherical lens
which has the same axial distribution of

CUT x -x

Y

(a)

Fig. 11.-Construction of the

CUT Y -Y

X

(b)

indirectly -heated cathode assembly.

potential.* A cylindrical electron lens con-
sisting of a configuration of rectangular
apertures with certain cross -sections and a
certain distribution of potentials does not
necessarily have the same axial distribution
of potential as a spherical electron lens
consisting of the same configuration of
circular apertures with the same axial cross -
sections and distribution of potentials, but
in practice a sufficiently good approximation
can usually be obtained by assuming that
the axial distribution of potential is the
same in both. In this case it is possible to
calculate cylindrical lenses in accordance
with known formulae for spherical lenses,"
provided that the focal length of a given
spherical lens is halved for the corresponding
cylindrical lens. This procedure has been
found to give surprisingly accurate results
in practice.

Since a long, narrow cathode is required,
an obvious solution would be to use a tungs-

* See Appendix.
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ten or thoriated tungsten wire, directly
heated. It has been found, however, that
the magnetic field produced even when a
thin wire is employed is sufficient to produce
appreciable deflection of the beam. Con-
sequently, when an a.c. source is used to
heat the wire, a signal is obtained on the
output electrode corresponding to the a.c.
supply.

In order to avoid this, an indirectly heated
cathode is employed, which has the additional
advantage of providing a more efficient

cathode. A conveni-
ent form of indirectly -
heated cathode is
shown in Fig. II. In
Fig. rra is shown a
section at right angles
to the length of the
cathode and in Fig.
lib a section along the
length of the cathode.
The cathode consists
of a flattened nickel
tube N, of which the
upper surface is
slightly concave in
cross-section. Along
the centre of this de-
pression is deposited
a layer of barium

strontium carbonate, which is deconi-
posed and activated in accordance with
known technique. The tungsten heater
within the nickel tube is insulated with
ceramic material. This heater has a con-
figuration resembling a capital M, so that
the magnetic field produced by the heater
current is virtually annulled. The cathode
is firmly fixed on a ceramic support S (see
Fig. rib).

The cathode assembly fits into the box -
shaped grid G, which has a narrow aperture
at the top. The cathode -grid separation is
very accurately established by two raised
rims at the ends of the ceramic support S
(Fig. iIb).

Electron -optical calculations cannot ad-
vantageously be applied to determining the
best configuration of the lenses constituted
by the potentials between the cathode and
the grid and between the grid and first
anode, owing to the large effects of space -
charge. In practice the cathode is placed
as near the grid as is considered expedient,
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having regard to avoiding the danger of
short-circuits, in order to obtain a large
beam current ; the best value of the separa-
tion between grid and first anode is deter-
mined by experiment.

In designing a signal converter, it is
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configuration and relative potentials of the
first and second anodes are determined on
the basis of known electron -optical principles,
as described above. In order to enhance
the deflection sensitivity, the deflection plate
should be made as large as possible. It can
occupy almost the whole region between the
first anode and the screen grid (see Fig. 12c).

As mentioned in Section 6, it is important
that electrons should not reach the deflection
plate. Stray primary electrons can be

-40 -30 -20

VG (VOLTS)

( b)

(VOLTS)

To')

desirable to keep the maximum supply
potential low. In order, however, to obtain
a concentrated electron beam, the first anode
requires a reasonably high potential. This
suggests that the first anode should be given
the maximum available potential. On the
other hand, in order to obtain large deflection
sensitivity, the detection plate should
operate in a region of low potential. The
deflection plate is most conveniently in-

, corporated with the second anode. Both
these factors, therefore, indicate that a
departure should be made from orthodox
cathode-ray tube design and that the
second anode should be given a lower
potential than the first anode. The actual

2 0

.0

-10

CUT Z -2

0

Fig. 12.-Characteristic curves and the electrode
design of the Type I converter. In (a) VAI
= 550 vo/ts : V42 = ioo volts : V0 = 400

volts : Vp2 = Vp3 = V42 : io = 0.2 mA.

prevented from reaching the deflection plate
by a suitable stop (aperture) in the first
anode (S in Fig. 12c). A number of secondary
electrons from the output electrode may pass
through the screen grid. Most of these are
slow, and so are unable to reach the deflection
plate when this is slightly negative relative
to the screen grid. A few fast secondaries
from the output electrode, and also from the
screen grid, may, however, reach the de-
flection plate, but if this is sufficiently
negative relative to the screen grid, these
fast secondary electrons also fail to reach it.
This is another very good reason for making
the second anode less positive than the first
anode.

The screens G, and G2 (Figs. 8 and 12)
consist of parallel wires or ribbons which are
perpendicular to the line of the electron
image. A parallel wire system has a lens
effect only in a plane which is perpendicular
to the wires, so that the only effect of the

1
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screens is to break the continuous image up
into a dotted line, while the sharpness of
the line is not affected ; changes in the
potential of the output' electrode cause
changes in the gaps between the dots. The
fact that the image is in the form of a dotted
line instead of a continuous line is immaterial.
Also the constancy of the beam current is
not affected by G2, since an equal number of
electrons is stopped at all positions of the
beam. The suppressor Screen does not
intercept electrons. The negative potential
of the ribbons of the suppressor grid produces
a focusing action on the electrons which
causes them to pass through the apertures
between the ribbons without striking
them.

The changing potential of the output
electrode does not affect the focus of the
electron beam at the tip of the output
electrode. It produces a deflection on the
beam when the latter is not falling at the
tip of the output electrode, but this deflection
does not affect the operation of the signal
converter.

In order to deal with high frequencies and
to eliminate the possibility of " feed -back "
between output and input, the connection
of the output electrode is at the top of the
converter (Fig. 9).

The various electrodes of the signal con-
verter can conveniently be supported on
mica plates. For this purpose the grid and
first and second anodes are all made with the
same rectangular cross-section. Tags are
punched on each electrode, which fit into
corresponding holes punched in the mica
plates (Fig. 9). The first and second anode
and deflection plates are supported by one
pair of mica plates M1, while the cathode -
grid assembly is supported by a separate
pair of small mica plates M2. The mica
plates are fixed to support strips L which are
welded to wires W supported from the pinch
of the valve. The output electrode and the
screens are similarly supported from a third
pair of mica plates M3, and secured to the
ends of the wires W.

The output electrode is coated with a
secondary emissive material-developed
after considerable difficulties-which is
capable of withstanding a primary beam
current density of the order of zoo mA/cm2
at 1000 volts and will give a maximum S/P
of the order of 6.
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8. Practical Example. The Electrical Data
of the Nagard Type I Signal Converter

As an example of the quantities involved
in a signal converter the following calculation
is given. The following assumptions are
made :

the required output time -base voltage
V = 300 volts ;

the duration of the fly -back period is
small in comparison with the scan
period ;

the capacitance of the output electrode
and the' deflection plate of the C.R.
tube and connecting leads

io N.& ;
the scan frequency f = 10 000 c/s ; and
the effective charging current of the

negative part of the output electrode
is equal to the beam current.

Then the beam current is given by :
2b = CVf = 0.03 milliamperes.

This minute current is still further reduced
if the frequency is smaller ; for example, for
a 50 -cycle time base the beam current neces-
sary is less than a microampere.

The smallest deflection necessary to pro-
duce an undistorted time -base output is
theoretically equal to the beam width at the
output electrode, but for safety it should be
about three times that amount. Thus if the
beam width is o.2 mm, the input voltage
should produce a deflection of about o.6 mm.
Assuming a deflection sensitivity of
5 mm/volt, this would require a minimum
input amplitude of 0.12 volt. In this case
the signal converter, as well as converting
the input signal into a saw -tooth or trapeze -
shaped time base, also produces an ampli-
fication of 2500 times.*

At this stage it should be noted that the
input signal may increase during reception,
say a hundred fold (deflection of image
6o mm) without affecting the constancy of
the time -base output. As long as the
electron image falls on the output electrode;
and during the respective scan and time -base

* The amplification factor of a conventional
valve is a constant, and is substantially independent
of the amplitude of the signal. This, however, is
not the case with the signal converter ; the ampli-
tude of the output signal is always the same,
whatever the amplitude or shape of the input
signal. Hence it would be better to speak of the
"conversion factor" rather than the "amplification."
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periods falls on the respective positive and
negative parts, the time -base output is
constant.

While in the above example the deflection
sensitivity of 5 mm/volt is not considered an
optimum case, as the employment of second
anode, i.e., deflection plate mean potentials
close to the potential of the cathode, would
make possible the attainment of even higher
deflection sensitivities, it was felt that for
practical purposes a sensibility* of to
image-width/volt was quite sufficient ; thus
in the Type I and II signal converters a
second anode potential of the order of
ioo volts is employed. This potential is also
conveniently chosen as the potential of the
suppressor screen G1, being higher than the
critical potential V, (Fig. 3 and Sections 4
and 6) of the secondary emissive surface of
the output electrode and low enough to be
chosen as the negative limiting potential of
the time -base output, thus G, can be con-
nected within the valve to the members of
the second anode.

The Type I and II converters are almost
identical in construction, the only difference
being the form of the screen G2 and sup-
pressor screen G1. Type I was developed
for the use in C.R. oscillographs and Type II
for television purposes. In the former the
fast fly -back is of secondary importance, but
it is desirable to reach high scanning fre-
quencies of the order of a few hundred
thousand cycles ; thus the total available
beam current is made to fall on the negative
half of the output electrode, and the active
part of the screens G, and G2 consists of
parallel wires and ribbons arranged in a
manner to represent the least obstruction in
the path of the image falling on both the
negative and positive parts of the output
electrode. These screens are shown in
Fig. 12c. In Type II the highest scanning
frequencies are of the order of Io 000 c/s
and thus a fraction of the available total
beam current is sufficient for the time -base
output ; it is, however, important that the
fly -back period be a fraction of the period
of the synchronising signal and to achieve
this, i.e., to make the ratio of positive

* Deflection sensibility : defl. sensitivity mea-
sured in units of image -width instead of millimetres.
Above example : image -width 0.2 mm, defl.
sensitivity = 5 mm/volt, defl. sensibility, 25
image-width/volt.
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charging and negative discharging currents
as high as necessary, the greater part of the
image is blocked out when falling on the
negative part of the output electrode.

The data available from the curves and
drawings of Fig. 12 should give a complete
picture of the capabilities of the Type I
signal converter.

Fig. 12a 'shows the output electrode
current io as a function of the image position
and deflection potential ; to indicate the
position of the image in relation to the
output electrode system, the latter is also
shown schematically. The beam current
and output electrode current of the negative
part as a function of the grid voltage is
shown in Fig. 12b.

Fig. 12C is a full-scale drawing of the
electrode system, showing the Iwo sections
through the main planes of symmetry, and
the plan view of the second anode, and
screens G, and G2.

The output electrode current 10 of the
negative part as a function of the potential
V, of the output electrode is shown in
Fig. 12d.

Note in Fig. 12a that the minimum safe
input voltage is of the order of 5, and the
maximum safe input voltage of the order of
5o ; the maximum output time -base peak -
to -peak amplitude is equal to 45o volts
(VA, - VA2 = 55o - Ioo = 45o volts) when
the first anode potential is 55o volts.
Naturally a doubling of the first and second
anode potentials would result in a corre-
sponding increase of the maximum time -base
output, input signal acceptance and grid
voltage/beam-current characteristic (Fig.
12b). The important feature of Fig. 12a is
the constancy of the output -electrode current
during the negative half of the deflection
characteristic. The secondary electron
emission coefficient of the positive half is
of the order of 4 and is not constant along
the output electrode ; variations of S/P may
and will occur in individual valves without
affecting their efficiency.

The useful range of the grid-voltage/beam-
current characteristic is within 0.02 and
1.o milliampere. The sharp focusing of the
image above 1.o milliampere deteriorates
and the use of beam currents below 20 micro-
amperes is not advisable due to leakage
troubles which may ' interfere with the
linearity of the scan. The negative charging
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Fig. 53.-Characteristic oscillogranzs of a " pure " converter (A, B, C), and a converter used as a
generator (D, E, F).

current of the output electrode is somewhat
less than the beam current, as some of the
primary electrons are stopped by the aperture
of the first anode (S in Fig. 12c) ; this effect
increases with the intensity of the electron
beam and is a common shortcoming of
electron guns.

The main considerations regarding the
construction of the electrode system have
been dealt with in Section 7, and this should
be studied in conjunction with Fig. I2C.
Note the (approximate) path of the beam.
Three deflection plates, P1, P2, P3, are
employed to simplify the arrangements of
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the input, biasing and feed -back circuits ;
these remarks are elaborated in Section 9
dealing with the signal converter as a
generator used in cathode-ray oscillographs.
The distortion of the image when deflected
is shown within the plane of the second
anode; the aberrations are due to the
" field lens " formed by the screen G2 and
the second anode system ; these aberrations
are, however, of no significance as at the
edge of the member Y no distortion occurs
and only at this central position is it necessary
to have a well-defined and distortionless
image to achieve the quick reversal of the
output electrode current.

It should be noted that the negative
output electrode current (Fig. 12d) is sub-
stantially independent of the variations of
the potential of the output electrode.

It is further found in practice that the
members of the second anode, the deflection
plates and the suppressor screen, do not
collect any current within the useful range
of deflection,

The photographs of Figs. 13A and B show
oscillograms of the output signal of a " well -
aged " converter (continuously working for
over 30o hours) employing sinusoidal input
(f = 5,00o c/s, V i,t = 5 volts r.m.s.). The
oscillogram of the input signal is given in
Fig. 13C.

In Fig. 13A the beam current and the bias
of the input deflection plate is adjusted to
give an output signal which just reaches the
equilibrium potentials VG1 and VG, (note
lack of sharpness of the tips of the " saw -
teeth ").

In Fig. 13B, in addition to the repetition
of 13A (centre oscillogram) the output of the
converter is shown when the deflection plate
is biased towards the positive Y (top oscillo-
gram) and negative X (bottom oscillogram)
part of the output electrode ; the flat tops
and bases correspond to the respectiye
equilibrium potentials Val and Vat. It
should be pointed out that the amplitudes
of the oscillograms were reduced by capaci-
tive potential division, in order to produce
on the screen of the cathode-ray tube con-
venient sized curves suitable for photography.

Figs. 13D, E and F slow the output of the
signal converter when used as a time -base
generator (see Section 9).

To summarise the main points of this
Section :
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Very small power is needed to produce
time -base potentials of several hundred
volts amplitude.

The scan is substantially linear.
Input signals of the order of a few volts

are sufficient to produce an undistorted
time -base output. Conversion factor " of
several thousands.

The influence of the output electrode
potential on the negative output electrode
current is negligible.

9. The Signal Converter as a Linear Time -
Base Generator. Cathode-ray Oscillo-
graph using a Signal Converter

Previously, especially in Sections 3 and 6,
chief emphasis was laid on the signal con-
version, i.e., that an arbitrary signal may be
converted into its own time base. While
this is of major significance in television, and
is also of importance in certain oscillograph
applications, where the investigation of a
part only of each complete cycle is sufficient,
for most oscillographic investigations it is
required to view several complete cycles of
the signal. For this purpose the signal
converter is used in a self -generator circuit.

Fig. 14 shows a self -generator circuit of
which the mode of operation is particularly
easy to visualise. Time -base output poten-
tials of the form shown in Fig. 14d are
generated across the output condenser C
and are synchronised by the input signals
(Fig. I4b) applied to the deflection plate P,.
C may be only the capacitance of the de-
flection plates of the cathode-ray tube. The
operation of the circuit is as follows. The
electron image is so adjusted that it falls on
the negative part X of the output electrode,*
across which it oscillates under the influence
of the input signals applied to 13,, as shown
in Fig. 14c. The output electrode thus
charges negatively, thereby producing the

scan " of the time base, as shown in
Fig. 14d. A fraction of the negative potential
thus imparted to the output electrode is fed
through the variable condenser C2 on to the
deflection plate P2. This causes the electron
image to move progressively across the
negative part of the output electrode towards

* This assumption is made for the sake of clarity
of the description ; the beam may fall on either
of the two halves X and Y at the start of the
oscillations.
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the positive portion Y, as seen in Fig. 14c.
When this deflection is sufficient, the electron
image reaches the part Y of the output
electrode ; in Fig. 14c this occurs at the end
of the fourth cycle. The negative charging
of the output electrode then ceases im-

(d)

(b)

(c)

(d)
I

I _vG,-M-
I

LI VA2 (e)

TIME t

Fig. 14.-The circuit (a) and the mode of opera-
tion (b, c, d, e) of a converter when employed

in a cathode-ray oscillograph.

mediately, and the output electrode begins
to charge rapidly in a positive sense, thereby
producing the fly -back portion of the time
base. This would result in the electron
image being deflected back on to the negative
half X (actually-disregarding the effect of
the time constant C2R2-the beam would
tend to settle down into the symmetrical
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position in which the charging of X and Y
is equal and opposite), but when the electron
image begins to fall on Y, numerous second-
ary electrons are emitted which are collected
by the screen G2 ; this causes a fall of
potential across the resistance R which is
imparted to the deflection plate P3 via C3,
thereby deflecting the electron image further
on to the positive part Y. This negative
signal due to the screen current remains
substantially constant until either the output
electrode reaches the potential of the screen
G2 or the beam leaves the part Y due to the
increasingly positive potential of P2 ; the
potential of P3 is shown in Fig. to. When
this potential " kick " on P3 ceases, the
electron image is " kicked back " on to the
negative part X, and the whole process is
repeated from the start. The authors prefer
to call G2 the " kicking screen " ; it con-
tributes the essential factor in the production
of the oscillations. Briefly, the image moves
slowly towards the part Y, when it reaches
Y then G2 kicks the image over to, say, the
centre of Y, the image then slowly returns
towards the edge of Y, and when G2 stops
collecting current it kicks the image back
on to the member X.

It was found that C2 is not essential ; the
slow return of the image may be controlled
by the time constant of C3R3.

The oscillations produced are extremely
well defined, the " kicks " being very fast,
as seen from the " top curves " in Fig. 13d,
e and f, which show oscillograms of the
time -base output and the " kicking " and
" slow return " potentials at the deflection
plate P2 (centre) and at the screen G2
(bottom). Note the satisfactory linearity of
the scan and the sharpness of the tips of the
" saw -teeth." All oscillograms 13a-f were
taken with an oscillograph using a converter
as a time -base generator.

The amplitude and the frequency of the
time -base output may be controlled by
C, ib, C3 and R3. Using the Type I converter
the maximum frequency attained by the
circuit of Fig. 14 was 400 000 c/s, having an
output amplitude of 400 volts peak -to -peak ;
this corresponds to a " rate of charging of C "
of too volts/microsecond.

10. The Signal Converter in Television.
From Sections 3, 6 and 8 it will be already

apparent that in the signal converter the '
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output time base is automatically syn-
chronised with the input signals. The
advantages of the signal converter in tele-
vision are manifold : great simplification of
the television receiver by the elimination of
the necessity of separating the synchronising
signals from the picture content, and the
line and frame synchronising signals from
each other, the simplicity and the " wattless "
operation of the signal converter itself, the
possibility of combining the production of
line and frame time bases in one converter ;
the generation of simplified synchronising
signals in the transmitter ; and the intro-
duction of multiple interlacing ; but the
main advantage of the signal converter is the
automatic and exact synchronisation in a
television receiver. This is clearly seen if a
brief comparison is made of the
method of synchronisation pro-
vided by the signal converter
with that provided by a conven-
tional synchronising circuit.*

Fig. 15.-The relation between the
output of a converter and the syn-
chronising signals of a television

picture signal.

x

x

7
A standard broadcast television signal is

of the form shown in Fig. 15a. According to
conventional practice in the television re-
ceiver the received signal is passed through
a sync. -separating circuit, from which a
signal of the form shown in Fig. 131) is
obtained. The edges A' and B' of the
synchronising signal thus obtained corre-
spond to the edges A and B of the received
signal. The time -base signal required to
produce the scan of the television receiver is
produced by a time -base generator, for
example, by a gas -filled triode circuit as
described in regard to Fig. i. As was
pointed out the fly -back of the time -base
generator is actuated by the leading edge A'
of the synchronising signal. The scan of the
generator commences when the fly -back is
complete. To produce good synchronisation
the scan of the generator requires to be
accurately synchronised with the start of the
picture component in the received signal,

* See also synchronisation of conventional
time base in Section 2.
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which corresponds to the trailing edge B' of
the synchronising signal. In order to achieve
this, three conditions must be fulfilled :
(I) At the transmitting side the width of the
transmitted synchronising pulses (between
A and B) must be constant ; (2) At the
receiving side the fly -back time must be
constant ; (3) At the transmitting side, in
order that the scan, and therefore the fly -

- VG2

(c)

--VG1

( e )

t

(a)

t

back, of the receiver should be constant, the
time interval between the leading edges
A'-A' of consecutive sync. pulses must be
constant. These conditions are very exact-
ing, and make accurate interlacing, par-
ticularly multiple interlacing, almost im-
possible to achieve.

When the signal converter is employed,
the scan of the time -base output auto-
matically starts in synchronism with the

_trailing edge B of the received sync. signal.
All three of the above conditions therefore
cease to be'necessary, and exact synchronisa-
tion is automatically ensured. This principle
marks a fundamental advance in the method
of synchronising a time -base signal with any
given periodic signal.

As was pointed out in Section 8, and is
also apparent from Fig. 15a, the television
signals may change their amplitude within
wide limits, the picture content may alter
its shape in any required manner, but as
long as the sync. signal falls on the positive
part Y of the output electrode of the signal
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converter and the rest of the signal on the
negative part X, the time -base output is
constant and is not affected by any of these
changes. Thus the sync. -separation is
not necessary. This " automatic sync.-_
separation " of the signal converter cannot
fail as long as the d.c. component of the
television signal applied to the deflection
plate of the signal converter is retained.

INPUT

(a)
BORDER LINE

- YL
BORDER LINE

OF XL OF XF-YF

XLX F

NH

(b)

YF
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the cathode-ray tube of the television
receiver, then the potential applied to the
plates at the beginning of each scan is VG2
so that each scan starts at exactly the same
level. It is of fundamental importance to
realise that the scan and sync. signal periods
may change considerably during the trans-
mission of a picture, but as long as the
synchronising period is longer than the time

interval which is ne-
cessary for the output
electrode to reach the
potential level of G2,
the picture is accur-
ately synchronised. If
the variations of scan
and fly -back periods
are large the edges of
the picture may be
ragged, but the details
of same will be well
preserved.

FRAME
DEFLECTION PLATES

In contradistinction to the shape and the
level of the time -base output of the con-
verter -generator circuit of Fig. 14d, the
time -base output of Fig. 15c of the pure
converter circuit is trapeze shaped ; during
the fly -back the output electrode always
reaches the potential of the screen G2, and
stays there till the commencement of the
scan. If the potential of the output electrode
is applied directly to the deflection plates of

LINE
DEFLECTION
PLATES

G,
G (X - -Y)F

GI
...... II 0

H

(c)

The great complex-
ity of the sync. -
impulse generating
system adopted in
television transmit-
ters 19, 19 should not
be necessary using
signal converters on
the receiver side.

Fig. i6.-Combination
of the line and frame
time bases in one con-
verter. The circuit (a)
and the construction of
the double output elec-

trode system (b).

Fig. 16a shows a circuit in which the line
and frame time bases fora television cathode-
ray tube are produced in one signal con-
verter. The line time base is produced on
the output electrode XLYL, while the frame
time base is produced on the output electrode
X,Y,. In Fig. 16a the line output electrode
is shown diagrammatically lying above the
frame output electrode. This is purely for
convenience of representation ; in reality
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the line output electrode would lie in front
of, or behind, the frame output electrode.
The line of division between the X and Y
portions of the line output electrode is,
however, laterally displaced relative to the
corresponding line of division of the frame
output electrode. This is shown in Fig. 16a
and also in Fig. i6b, which shows a section

It
0

(a)

I'ZL

(b)

0 I T ouT
T 104T / -.1qi-Sh- I
9 I P4 11 11 I

YF

---4
XF

0
TXL

1.0

3 0.75

1 0.50

0.25

FRAME
SYNC. SIGNAL

(c)

(d)

-VG2

vA

,,,thiq_e-ticR)

0 I 2 3 4

t/CR

(e)

'TT fR

f)
through the line output electrode, with the
position of the line of division of the frame
output electrode indicated. Fig. 16c shows
a section through both output electrode
systems taken at right angles to the section
shown in Fig. i6b. A single electron image,
in the form of a long line, falls on both line
and frame output electrodes.

XL

YL74

ihi= CURRENT COLLECTED
BY THE AUXILIARY
ELECTRODE I -I
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The circuit of Fig. 16a is suitable for use
with synchronising signals such as were
used during the transmissions from
Alexandra Palace. Sync. signals of this
type are shown in Fig. 17c. The complete
television signal, including these sync. pulses,
is fed to the deflection plate P3 (Fig. 16a).
During the intervals between the sync.

pulses the electron beam
VG2 falls on the negative

parts 2c, and X, of the
output electrodes, thus
producing the " scan "
part of the time bases.
During the line sync.
pulses, the electron image
falls on the positive part

Fig. 27.- The line (a)
and frame (b) time -base
output, when a double in-
terlaced conventional tele-
vision standard (c) is con-
verted ; the current of the
auxiliary electrbde H is
given in (d) and the
potentials at the deflection

plate P2.

YL of the line output electrode, producing the
fly -back of the line time base, but continues
to fall on the negative part X, of the frame
output electrode. During the line sync.
pulses the image also falls on the electrode H,
which collects a constant current as
shown in Fig. 17d. Part of this current
flows through the resistance R, while part is
used to charge the capacitance C constituted
by the deflection plates P,P, and any
additional condenser parallel to the capa-
citance of P,P2. The potential v across
these plates after a time t is given by :

v = /BR (1 - e-`1").
This potential deflects the image towards
the positive parts of the output electrodes.
The time constant CR is so chosen that the
electron image does not reach the positive
part Y7 of the " frame " output electrode
during the line sync. pulses, but does so
during the frame sync. pulses, thus producing
the fly -back of the frame time base.

After a sync. pulse has passed, the electron
image is again deflected on to the negative
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parts of the output electrodes, and no longer
falls on the electrode H. C then discharges
through R, the potential across the plates
PIP, after a time t being given by :

v

The potential changes v across PIP, are
shown in Fig. ire, for the convenient value
T/CR = 2, where T is the line scanning
period, i.e., the reciprocal of the line scanning
frequency. The potential of the line output
electrode is shown in Fig. 17a, and that of
the frame output electrode is shown in
Fig. 17b.

The S/P coefficient of the auxiliary elec-
trode H can be smaller or larger than one.
In Fig. 16a S/P is smaller than one and P2
charges in a negative sense when the image
falls on H.

The speed of the line and frame scanning
of the C.R. tube is conveniently controlled
by the grid bias of the signal converter
°hanging the beam intensity. The relative
speed of the line and frame scans may be
adjusted either by shifting the image of the
signal converter by the deflection plates
P6130 or a pair of magnetic deflection coils
or advantageously by a variable .condenser
parallel to the frame deflection plates of the
cathode-ray tube.

As already mentioned, by feeding the
synchronising impulses to the control grid G
and so biasing it positively during the sync.
periods, the speed of the fly -back may be
substantially increased. An auxiliary elec-
trode similar to H can serve the same purpose

15%
so lc

ion%

LINE C.
'SIGNAL

t
FRAME SYNC

SIGNAL

t

Fig. i8.-Television synchronising standard
convenient for a converter.

with advantage. For example, the potentials
produced across R may be fed to G (Fig. i6)
via a condenser (not shown). When the
S/P of the surface of H is greater than unity,
positive pulses are applied to G during the
sync. pulses.

The circuit arrangement of .Fig. i6 could
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be simplified if the line sync. pulses were
transmitted at a shallower level than the
frame sync. pulses, as shown in Fig. i8.
In this case the deflection plate P,, the
resistance R and the auxiliary electrode H
are not necessary, since the deeper frame
sync. pulses automatically deflect the image
on to the positive part Y, of the " frame '
output electrode.

The main requirement governing the con-
stitution of the frame sync. pulse of the
conventional sync. signal standard of
Fig. 17c was the desirability to keep the line
time base in step during the frame sync.
pulse and assure the double interlacing ;
these complexities are not required when a
signal converter is employed and the very
simple sync. standard of Fig. 19, for example,
would ensure the accurate synchronisation
of a quadruple interlaced picture. If the
time periods of the " interlacing pulses "
are kept within the required tolerances the
picture will interlace correctly. Fig. 19 may
be followed with ease on the basis of the
explanation given for Figs. 16 and 17.

Even higher multiple interlacing can be
achieved simply if desired.

The television applications of the signal
converter described in the preceding pages
are capable only of producing an asym-
metrical deflection, i.e., the potential varia-
tions of the output electrode are applied to
one deflection plate only, while the opposite

_plate is kept at a constant potential. As is
well known, an asymmetrical deflection
produces trapezoid distortion and defocusing
of the image of the cathode-ray tube unless
the deflection system is screened and
corrected.

The output of the signal converter may be
applied in a symmetrical manner to the
deflection plates of the cathode-ray tube
either by the use of two conventional
amplifiers or by a special and corrected
output electrode system.

In the former case the output of _the
signal converter is applied in opposing
phases to the grids of two identical amplifiers
in more or less standard fashion.

In the latter case two output electrode
systems are employed, each connected to a
separate deflection plate of the cathode-ray
tube ; the X member of one output electrode
is placed next to the Y member of the other
output electrode and vice versa, and thus the
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electron image, which is elongated to fall on
both output electrodes, charges the output
electrodes and the deflection plates of the
cathode-ray tube in opposing sense. One of
the output electrodes could be similar to
those previously described and the other may
be constructed as shown in Fig. 20. Here
the member W of the suppressor screen G,
has a high secondary emission coefficient
and is shaped in such
a fashion as to trap
the large number of
secondary electrons
emitted from W, so
that they are collected
by the output electrode
Y ; thus the negative
charging efficiency of
the output electrode
is equal to ib . SIP,
where S/P refers to
W. The positive part
Y may be shaped and

0
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To summarise, it may be stated that by
using deflection modulated cathode-ray
valves it will be possible to simplify and
improve the technique of television trans-
mission and to build high quality and simple
television receivers, consisting, for example,
of two or three deflection modulated cathode-
ray valves as amplifiers, one signal converter
for producing and synchronising the time

FRAME 8

FRAME III

r -T

t .1F9r
FRAME ID

FRAME II

= 2T 4

2

VG'

VG,

4 U U 12

`T1=1sTH

Fig. 19.-Simple quad-
ruple interlaced tele-
vision sync. standard

FRAME I

0

a-

YF

and the converter output.
t FRAME D7XF

corrected in accordance with the S/P
characteristic, to keep the positive charging
current a fraction of the negative charging
and constant.

The adoption of symmetrical deflection
using a signal. converter introduces com-
plications, but the advantages of accurate
synchronisation, elimination of sync. separa-
tion, etc., are preserved.

The adoption of an asymmetrical deflection
is, however, preferred, because the simplicity
of the circuit is preserved, and because the
necessary corrections to the deflection plates
of the cathode-ray tube are simple.

The essential advantages of the signal
converter are also retained when electro-
magnetic deflection is employed for the
cathode-ray tube. Here the output of the
signal converter would be applied to a con-
ventional amplifier which is loaded with the
deflection coils.

r-TL=1-25

I 117-11 it

rTi.125TH

1-117-1177-9
-tt

T/CR --2 , , -t/cRt "IHR e '")
HR (e )

4,./VA 2

bases, two rectifiers for the supply potentials
and one cathode-ray tube.

11. Frequency Limitations of the Signal
Converter.

Assuming the peak -to -peak output
potential of the signal converter to be
200 volts, the output load io µµF and taking
the limiting beam current value of the
Type I converter (ib = I milliampere), the
maximum frequency may be calculated

I . 10-3f ". = 500 000 c/s.- 200 . 10 .
Or at 20 volts output f,=. 5 Mc/s. Or the
" rate of charging " of the output capaci-'
tance = Ioo volts/microsec.

The Type I and II converters are of small
power (see Section 8) and their maximum
beam current value does not even approach
the highest values which could be obtained
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with a more elaborate electron optical design.
The effective length of the cathode is only
5 millimetres in the Type I converter ; by
increasing the length to, say, 3o millimetres,
by using several cathodes in parallel, by
adopting output electrode systems similar to
that of Fig. 20 and a more efficient electron

Fig. 20.-Output
electrode system G
for the efficient
charging of the
negative part of
the output elec-

trode.

w

optical focusing system, the beam current
of the signal converterq may be increased to
too milliamperes, and thus at 200 volts the
maximum frequency would be 50 Mc/s.
The frequency limitation in a deflection
modulated valve, having similar dimensions
and potentials to Type I converter, due to
the transit time of the electrons between the
deflection plates, is above 5o megacycles per
second ; the transit time effect of the output
electrode, the collector and suppressor
screens is of lesser significance than the
above.

12. Output Potential Limitations of the
Signal Converter

The maximum output -time -base peak -to -
peak potential attainable is determined by
the critical potential V2 (see Section 4 and
Fig. 3) of the secondary emissive surface of
the output electrode. This may be as high
as 3000 volts, but nearly all the efficient
secondary emitters have a V2 which is at
least of the order of 2000 volts.
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APPENDIX
It will here be shown that the power of a

" cylindrical " electron lens for parakial electrons
is twice the power of a " spherical " electron lens
which has the same axial distribution of potential
as the cylindrical electron lens.

Laplace's Equation for a non -polar electrostatic
field, expressed in cartesian co-ordinates, is :

b2v b217 blyv

bx2 by bz2 -
where V is the potential at point (x, y, z).
For a spherical electron -optical system, i.e., a
system in which the electrostatic field has axial
symmetry, we transform to cylindrical co-ordinates,
writing :

,.2 =_. 2 y2.

Laplace's Equation then becomes :
b2V Z2V
br2 -; bz2 ° (1)

the z-axis being taken as the axis of the electron
lens.

For a 'cylindrical electron -optical system, i.e., a
system in which the electroAatic field has a uniform
potential in one direction at right angles to the
axis of the electron lens, say, in the direction
parallel to the x-axis, we retain cartesian co-
ordinates, and write :

V- 0.

Laplace's Equation then becomes :
b2v

by2 bz2 = ° .. (2)

From Eq. (I) it can be shown that the path of a
paraxial electron through a " spherical ' electron
lens is given by :

_
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d2r r e

dta
V 0(z) (3)

2e=
dt m

Vo(z) (4)

where (r, z) are the co-ordinates of the position of
the electron at time t, - e is the charge and m is
the mass of an electron, and 110(z) is the potential
on the axis of the lens at the point (o, z) measured
relative to the point where the electron velocity is
zero ; V",(z) signifies

b2V o(z)

In the same way it may be shown that the path
of a paraxial electron through a cylindrical electron
lens is given, from Eq. (2), by :

d2y = -y -e V (z) (5)(its

2e
-d-i= 7n- Vo(z) (6)

Equations (3) and (5) give respectively :
dr

(dt)d - r e ,V",(z)
2 M dz

dz (7)dt

and
e (z)d (dt(k) = y °m

dz
dz (8)

dC

Consider a small section of the electrostatic field
between z and z dz.

Let the power of the elementary electron lens
constituted by this section of the field be dF ; the
power of a lens is the ratio of the refractive index
in the image space to the focal length in the image
space,t the refractive index for an electron lens
being the square root of the electrostatic potential,
measured relative to the point where the electron
velocity is zero. We may therefore write :

dF Vo(z)
(9)f'z

where %is the focal length of the electron lens
constituted by the electrostatic field between
z and z + dz.

Consider an electron which enters this field
moving parallel to the axis :
i.e. dr dy

dt
or-dt = o at z.

r yd d
Then for this electron the value of or

d-t
at z dz

is giiien by Eq. (7) or Eq. (8) :

dr r e V",(z)
dzN

-N

or dy e ro(z)
N = Y dz

dz

dt

* See I. G. Maloff and D. W. Epstein,  Electron Optics in
Television," First Edition, page 81.

t See L. C. Martin, " An Introduction to Applied Optics,"
Vol. I, page 34.
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The angle 0 which this electron makes with the
axis after leaving this elementary electron lens is :

dr
dr ' r e V",(z)0 - dz
dz dz 2 m id2\2

dt at
dy

or g _dy dt e V" o(z)
dzdz

dz m dz
at (71)

Then
r e ro(z)
0 2 m dz\2dzj

crt )

I

f v e V",(z)
or

-0 m dz\ 2 m2
J

Then by Eqs. (9) and (4)
e ",(dF =2

M
V V o(z)V dzz)Vdz

(e-it)

r°(i) dz
4A/ Vo(z)

for a spherical electron lens ; or by Eqs. (9) and (6) :

dF = Tz Vo(z) cT12z()2dz

(dt)
V"0(z)- dz

2A/ V 0(z)

for a cylindrical electron lens.
Hence it is seen that the power of 'any elementary

electron lens forming part of a cylindrical electron
lens with a given axial distribution of electrostatic
potential is exactly twice the power of the elemen-
tary electron lens forming the corresponding part
of a spherical electron lens having the same axial
distribution of electrostatic potential. It follows
that the total power of any cylindrical electron lens
must be twice the power of the spherical electron
lens which has the same axial distribution of
electrostatic potential.

I.E.E. Wireless Section
THE Committee of the Wireless Section of the

Institution of Electrical Engineers has nominated
the following to fill the vacancies which will occur
on the Committee on September 3oth : Chairman,
T. E. Goldup (Mullard) ; Vice -Chairman, Prof.
Willis Jackson, D.Sc., D.Phil. (Manchester Univer-
sity) ; Ordinary Members, Capt. C. F. Booth (Post
Office Engineering Dept.), H. L. Kirke (B.B.C.),
O. S. Puckle (Cossor), T. Wadsworth, M.Sc. (B.T.H.),
R. C. G. Williams, Ph.D. (Murphy).
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Harmonic Generator for Frequencies
Above 100 Mc/s.*

By W. M. Colles, M.A.

EXPERIMENTS at frequencies of from
zoo to 400 megacycles per second
carried out during 1938-39 mainly

with super -regenerative receivers showed
that some simple means of determining
frequency was essential. The frequency
range of one receiver, for instance, was some

Mc/s at 300 Mc/s, without coil changing,
and it will be appreciated that the alignment
of a transmitter and receiver under these
conditions would be extremely difficult
without some frequency meter.

Experiments with Lecher lines were tried
and were partially successful, but had the

O
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Fig. r. Circuit of the harmonic generator. The
component values are : C,, roo µµF ; C,,
0.0001 µF ; Cs, 0.006 µF ; C4, 2 µF ; R1,
10,000 - 50,000 Q (optimum value found by
trial) ; R,, 200,000 Q (see text) ; LI, 121." of
16 S.W.G. copper wire coiled 1" diam. (length
of coil 1.375") ; R.F.C., mean wavelength of
22 S.W.G. enamelled wire on i" diam. ebonite
rod, close wound. The 5:1 L.F.transformer

is selected for tone and stable note.

drawback of requiring considerable space
and a certain amount of power in the
oscillating circuits employed.

Some time previously a simple I.C.W.

* MS. accepted by the. Editor, December, 1942.

transceiver t for 56 megacycles per second
had been made using an LP2 valve with
anode and grid circuits coupled by an
ordinary L.F. transformer to produce an
audible interrupted carrier for C.W. com-
munication with a super -regenerative re-
ceiver. It was found that the R.F. output
was extremely rich in harmonics and the
instrument was modified to enable these to
be used for frequency checking.

The procedure followed was to switch on
the receiver whose frequency was to be
checked, and turn the dial of the harmonic
generator, recording the frequencies at which
harmonics were heard.

An example is given below.

H.G.
Dial

Frequency
of

Fundamental

Frequency
of

Harmonics

Degs. Mc/s
18 63.o 6th 378 7th 441
29 54'8 7th 382 8th 438
37'5 49'6 8th 398 9th 446
49 44'5 9th 396 loth 441
61.5 40'1 Loth 401 11th 441
72.o 36.8 - 11th 405 12th 442

The lower series is rising hence the higher
series is the correct one, and the mean
frequency is roughly 441 Mc/s. If the next
series is calculated it will be found to fall.
This is best shown graphically. This was
the highest frequency ever recorded during
these experiments, and the instrument
being checked was actually a low -power
transmitter adjusted to " squeg " with a
high -resistance grid -leak and anode bypass
condenser, using a P.M. moving -coil loud-
speaker in the cathode circuit. While some
frequency change in the carrier is probably
produced by the " squegging " circuit it

t This term is widely used in the Services to
denote a transmitter -receiver in which some of the
components are common to both sets.
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was under one per cent. and well within the
frequency range of any receiver used with it.

The circuit of the harmonic generator is
given in Fig. i and has few abnormal features.
The frequency range must exceed an octave
or identification of the
lower frequencies is not ex-
act. This requires the R.F.
circuit to be arranged for
a low self -capacitance, and
the valve used should be
selected by trial and error.

Fig. 2. Assume receiver under
test to be tuned to 300 Mc s.
Then harmonics will be heard
as shown by the horizontal
lines. If the wrong series of
harmonics is chosen, the
values obtained will not vary
about a mean but steadily
rise or fall as shown. In
practice observational errors
introduce other factors, and
the rising or falling charac-
teristic is of value in check-
ing that the correct series is

used.
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The instrument when completed covered the
range 3o to 71 megacycles per second using
a no izg tuning condenser.

The loading resistance R2 on the secondary

30f

of the L.F. transformer was found necessary
to reduce the A.F. feedback at the H.F.
end of the frequency range.

If omitted the plates of the tuning con-
denser flashed over when using 120 volts

INCORRECT SERIES
FREQUENCY RI SING

INCORRECT SERIES
FREQUENCY FALLING

HARMONICSI S/./
200 300 400

FREQUENCY OF RECEIVER UNDER TEST
MEGACYCLES PER SECOND

500

15 mA for anode supply. Presumably" the
carrier and harmonic vectors were in phase
when this occurred.

The illustration shows the inductance and
coupling used to con-
nect the oscillator to
the Lecher line for
calibration purposes.
The power supply
was obtained from a

The illustration shows
certain components not
mentioned in the article.
These are parts of the
original transceiver and
are not required when
the instrument is used
as a harmonic generator.
The send -receive switch,

part of the key filter cir-
cuit, and the aerial con-

nection can be seen.
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I20 -volt battery and a partially discharged
2 -volt accumulator, the H.T. voltage being
kept at a constant value of go during cali-
bration and when checking frequency.

The accuracy of the instrument is depen-
dant on the selectivity of the receiver under
test. With super -regenerative receivers at
these frequencies selectivity is very poor
and appreciable response may be obtained
over a band some 600 kc/s in width. It
should be noted that as the frequency
increases the number of observations on
harmonics increases and hence the overall
accuracy remains the same. No loss of
strength in the harmonics was noticed
even when using the twelfth, and there is
no reason to expect absence of higher har-
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monics. The mechanical arrangement of
the dial and drive of the tuning condenser
must be of good design and with little
backlash or the accuracy will be im-
paired.

The instrument was originally calibrated
on 6o -feet Lecher lines using a thermo
couple instrument. The values obtained
were used to draw a rough calibration curve
from which the frequency of a 300 Mc/s
receiver was determined. Any departure
of the harmonics observed from the mean
value of the whole series was then subtracted
from the, fundamental frequencies as given
by the rough calibration curve mentioned
above, and an accurate curve drawn using
these values.

Correspondence
Letters of technical ,interest are always welcome. In publishing such communications the
Editors do not necessarily endorse any technical or general statements which they may contain.

"Optimum Conditions in Class A Amplifiers"
To the Editor, " Wireless Engineer "

SIR,-While agreeing with your remarks in the
February issue, which have caused me to re -read
Nottingham's paper, I find that the latter rather
gives the impression that harmonic distortion is not
readily amenable to calculation. Another point that
is not clear is, to what extent, if any, the remarks are
intended to apply to pentodes. I shall assume
with good reason that tetrode or pentode operation
is excluded, and the following remarks are intended
to apply to triodes only, and demonstrate the effect
of increasing load.

The actual powers on the first few harmonics
resulting from Class A amplification are quite
easily calculated. The results will be found
perhaps more striking than anything that graphical
methods can demonstrate. Allow me to start by
quoting some figures from a recent paper.

Consider a triode having an impedance of 5000 (2,
a standing anode current of 3o mA at the operating
point, and let this triode be swung all the way from
cut-off to zero grid bias. Except for one illustration
given later, the value of the exponent n of the power
law connecting current and lumped voltage Vi is 3/2,
so that the value of Vs corresponding to the above
conditions is 5.5 volts, the mutual conductance
8 mA/V, amplification factor 40 (all in round
numbers) if the cathode grid distance is 0.316 m/m.
Assuming the lumped voltage at zero grid bias is
8 volts the anode supply is some 32o volts, the
operating grid bias of course varying according
to conditions of load. From equations (55) of
the paper it may be seen or inferred that the
alternating components of both anode current and
power output (on any harmonic including the

fundamental) depend only on the standing anode
current and on the respective impedances and not
at all on the input voltage provided the latter is
always made equal to V1. The power outputs on
the fundamental, second and third harmonics
respectively are as follows when the grid swing
extends from cut off to zero grid and the load
impedance (assumed purely resistive) is equal to
that of the triode :

WI = 5293 mW W2 = 1.235 mW
W2 = 0.0134 MW

from which we infer that the second harmonic A
some 3o db. (and the third harmonic some 5o db.)
down on the fundamental.

Now having regard to side -tone formation 1
these conditions are by no means as rosy as they
sound. But what happens if, instead of making
z = r5 (R = r a in present notation) we make
z/r, exceed unity ? The following figures provide
the answer :

zin, W, WE W2
2 1150 mW 0.217 mW 0.00150 mW
3 970 0.055 0.00027
4 827 0.020 0.000067
6 633 0.004 0.000007
9 465 0.0007 0.0000005

For certain designs of triode figures should
perhaps be based on a square rather than three -
halves law. The effect of this is' pronounced as
affecting the 3rd harmonic*, which must be multi-
plied by 3.2 for sir,, = 5, by 4.0 for zlr, --- 2, and

Proc. I.R.E., Vol. 26, No. 9, pp. 1093, 1938.
* The once popular idea that a parabolic characteristic does

away with third harmonic cannot be sustained-the load upsets
the square law relation.
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by 6.o for zira= 9, but even if allowance has to
be made for these possibilities the results as ex-
hibited in the above table are still very striking.
Taking z = 3r, as example, whereas the funda-
mental output is only some 1.3 db. down as com-
pared with z = r, the second harmonic is so re-
duced as now to be 42 db. down and the third
65 db. down on the fundamental, while for z = 9r,
the second and third harmonics are down 58 db.
and (practically) 90 db. respectively.

In view of the exceptional purity that can evi-
dently be obtained' using a triode in conjunction
with a load impedance many times that of the
valve, it would seem desirable that the pentode's
pre-eminent position as an output valve in com-
mercial receivers should -be critically. challenged.
The limited range of output impedance which is
destined to " match " the pentode is well known,
less well known (because vested interests have kept
it quiet) is the degree of side tone distortions which
results even if the optimum impedance matching
condition is satisfied. There seems to my mind
no question but that the issue for quality output
now rests between triode output (single or push-
pull) on the one hand and cathode follower circuits
on the other hand, pentodes being out of the
reckoning, even for receiving sets. .

W. E. BENHAM.
Fordcombe, nr. Tunbridge Wells.

To the Editor, "Wireless Engineer "
SIR,-When the condition of a limiting safe anode

dissipation is added to the original conditions con-
cerning V.= 0 and /mi., the relationship between
load resistance and output power becomes peculiar
to each valve considered. Not only the scale, but
the shape of Fig. 5 in the February Editorial is
changed if other operating conditions are assumed.
This is shown if a valve is taken with r.= 2,700 ohms,
p, = 5.3, c = 85 volts as before, but with Pam = 20W
and ID,, estimated at 20 mA. The calculated values
of power output for various values of load resistance
given here show that maximum power occurs 'at

4

3

Va.° 520 V

Vao - 300 V
Vao - 660 V

2

1

0 10 15

R/r&
20 25

R = lora, under which conditions the quiescent
anode voltage is about 52o volts. It is, therefore,
conceivable that cases may exist where the choice

Harries, "Amplitude Distortion," Wireless Engineer, Vol. 14,
p. 63, Feb., 1937.

Lockhart, " Cathode Follower Circuits," Electrolic Engineering,
Dec., 1942 and Feb., 1943.
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of R for maximum power output will not lead to a
value of Va0 in excess of the rated value, as it does
in the example worked out in the Editorial.

E. BRADSHAW.
The Royal Technical College,

Glasgow.

"Transformed Networks"
To the Editor, " Wireless Engineer"

SIR,-The author of the article " Transformed
Networks " (October, 2942), whilst giving the
medium frequency of his illustrative band-pass
filter (Fig. I) f,= 2000 c/s, omitted to indicate
the actual frequency limits of the filter. They are
also not very apparent on the attenuation char-
acteristic (Fig. 3) due to the rather high inherent
losses of the filter in the band-pass region.

However, when substituting the values of the
components, as given by the author, in the classical
formulae and calculating backwards, one finds that
the formulae will satisfy all the author's values for
f2 -f1= 3 20 c/s, or fa= 2160 c/s and 11= 1840
c/s, except C, for which the value 4.976 pF is
obtained instead of 6.37 pF as found by the author.
There is also a slight discrepancy in the value of
La which should be 1.27 mH instead of x mH.

Haifa, Palestine. Z. FRIEDBERG.

[The last few lines of the above letter are rather
misleading. The resonant frequency is 2000 c/s
and if the capacitance be reduced from 6.37 pF
to 4.98 pF as suggested, the inductance must
necessarily be increased from 1.0 mH to 1.27 mH.
No additional discrepancy is involved. The author
stated that the filter was designed to have a band-
width of 200 c/s, and from the data given this was
undoubtedly an ideal value based on coils and
condensers with negligible losses. As our corre-
spondent states, the losses in the actual filters
caused a widening and some indefiniteness in the
pass -band. -G. W. 0. H.]

Dipole Aerials
To the Editor, " Wireless Engineer."

SIR,-I was very interested in Mr. Wells' paper
on dipole aerials in the May issue of Wireless
Engineer. On page 225, when referring to Fig. 13
(b), actually he means Fig. 13 (a), the author
states that the curve in this figure can be derived
from results given in a paper by Lewin in Marconi
Review. The curve, however, for a slightly smaller
range of distances, is given directly as Fig. 409 in
the second edition of Terman's well-known text
book. The expression given in Appendix I for
F9 should be divided by sin O. The correct expres-
sion is given in Mr. Wells' earlier paper in the
Journal I.E.E. to which he refers. .

I should like to suggest that the references in
Mr. Bell's article on frequency modulation, in the
May issue, might have included the names of the
authors.

Teddington, Mddx.
J. S. MeFETRIE.
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Wireless Patents
A Summary of Recently Accepted Specifications

The following abstracts are prepared, with the permission of the Controller of H.M. Stationery Office, from
Specifications obtainable at the Patent Office, 25, Southampton Buildings, London, W.C.2, price 1- each

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

55o 146. -Means for increasing the input impedance
of a two -pass filter to secure a higher product of
bandwidth and amplification factor.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 29th July,
1941-
55o 171. -Amplifier with negative feed -back circuit
designed to avoid the production of harmonic or
combination frequencies.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 23rd May,
1941.
550 362. -Granulated carbon microphone to be
operated by direct contact with the throat of the
speaker.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 9th Sep-
tember, 1941.
55o 468. -High -power amplifier comprising a num-
ber of push-pull stages connected in tandem with
negative feed -back and automatic gain control'.

Western Electric Co., Inc. Convention date
(U.S.A.), 21.51 December, 1940.

AERIALS AND AERIAL SYSTEMS
55o oo9.-A short-wave aerial comprising a number
'of horizontal four-sided radiating units mounted
one above the other on a vertical steel shaft.

Standard Telephones and Cables (assignees -of
A. Alford). Convention date (U.S.A.)', 25th Sep-
tember, 294o.
55o 537. -Dipole aerial for television terminating
in an impedance -matching disc.

Marconi's W. T. Co. (assignees of N. E. Linden -
bled). Convention date (U.S.A.), loth July, 194o.

DIRECTIONAL WIRELESS

549 847 Combination of radio direction-findir with
a gyroscopic compass for facilitating the operation
of homing on to a beacon or for blind landing.

Lear Avia Inc. Convention date (U.S.A.), 11th
January, 1940.
550 o13. -Radio-navigational indicator arrange-
ment to facilitate homing in the presence of a
cross -wind.

Lear Avia Inc. Convention date (U.S.A.), 25th
May, 1940.
550 131. -Radio direction -finding system in which
the critical null or zero position is automatically
sought an4 smoothly maintained.

Lear Avia Inc. Convention date (U.S.A.), 27th
July, 1939.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television.)

550 o91. -Coupling or filter circuit which can be
switched to show different band-pass characteristics,
particularly for the I.F. amplifier of a superhet
receiver.

Hazeltine Corporation (assignees of B. F. Tyson).
Convention date (U.S.A.), 8th October, 2940.
550 34o. -Electron -multiplier circuit, particularly
for amplifying pulse modulated currents.

Electrical Research Products Inc. Convention
date (U.S.A.), 15th August, 2940.
550 566. -Means for automatically stabilising the
frequency of, an oscillation generator particularly
in a superhet receiver.

Standard Telephones and Cables and C. W. Earp.
Application date, 11th July, 1941.
550 586. -Electron multiplier adapted to serve
as the 'Mixer stage of a superhet receiver.

F. J. G. van den Bosch and Vacuum -Science
Products. Application date, 7th May, 1941.

TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION.

549 890. -Television transmitter in which the
image of each picture element is first distorted
unilaterally in order to increase the electron
emission from a sensitised cathode and is then
restored to its original shape.

Standard Telephones and Cables (assignees of
H. E. Ives). Convention date (U.S.A.), 24th Septem-
ber, 1940.
55o 376. -Television transmission system in which
the line scanning frequency is derived from the
direct illumination of a photo -electric cell.

Marconi's W. T. Co. (assignees of J. W. Cox)
Convention date (U.S.A.) 1st November, 1940.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television.)

550 094. -Circuit with non-linear characteristic,
under the influence of a pulsed control, for -expanding
the volume range of electric oscillations.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 14th Octo-
ber, 2942.
55o 127. -Wave guide of tapered cross-section for
simultaneously handling signals of different fre-
quencies.

Marconi's W. T. Co. (assignees of M. Katzin).
Convention date (U.S.A.), 12th December, 2940.



a

June. 1943 WIRELESS
ENGINEER

550 430. -Morse keying device for automatically
transmitting the SOS or other emergency call.

R. A. Rothermel ; F. S. S. Wales ; International
Marine Radio Co. ; and W. H. McAllister. Applica-
tion date, 15th August, 1941.
550 554. -Frequency - modulating system with
means for compensating for the asymmetry of the
modulating voltage.

Marconi's W. T. Co. (assignees of M. G. Crosby)
Convention date (U.S.A.), 26th September, 1940.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

550 o16. -Valve having an inter -electrode spacing
specifically Calculated to reduce transit -time effects
when amplifying very high frequencies.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 6th June,
1941-
55o 032. -Process for making ctrr rolling indirectly -
heated cathodes of small diameter.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 23rd
August, 1941.
550 o67. -Pair of high -frequency valve oscillators
with tubular anodes which form part of the valve
envelope and are strapped together to form the
inductance of the output circuit.

Marconi's W. T. Co. and E. G. Green. Application
date, 28th May, 1940.
55o o81. -Electronic device foi! generating circum-
ferentially -propagated waves from vane -shaped
electrodes which produce a region of space -charges
subjected to an axial magnetic field.

The British Thothson-Houston Co. Convention
date (U.S.A.), 27th July, 1940.
55o o9o.-Cathode-ray tube fitted with a magnetic
system for producing an electron stream having a
desired non -circular cross-section.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 11th Sep-
tember, 1941.

55o ro4.-Electrode arrangement of a valve of the
so-called pentagrid-converter type as used for
mixing two sets of oscillations.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 14th June,
1941.
55o 318. -Compact construction of photo -electric
cell in which a cathode of frusto-conical shape is
formed on the re-entrant stem or press of the glass
bulb.

The British Thomso)s-Houston Co. and H. R. Ruff.
Application dates, 18th January and 3oth July,
1940.
550 342. -Cathode-ray tube in which the electron
stream is made to sweep over a number of co -planar
insulated strips or anodes in order to generate or
modulate a number of different frequencies.

C. J. Galpin. Application date, 8th August,
1941.
550 435. -Short-wave oscillator or amplifier with
focusing electrodes for concentrating the electron
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stream on to two narrow anodes arranged on each
side of a central cathode.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 4th Sep-
tember, 1941.

550 497. -Process for improving the insulation of
the supports for the electrodes of valves used for
voltage -stabilisation.

Marconi's W. T. Co. and C. P. Fagan. Applica-
tion date, 7th July, 1941.

SUBSIDIARY APPARATUS AND MATERIALS
549 970. -Screening can which also serves to
press a valve firmly into pOsition on a base or holder.

Standard Telephones and Cables ; L. W. Hough.,
ton ; and S. J. Holdstock. Application date, tith
June, 1941.

549 996. -Phasing adjustment for a balanced -
bridge input circuit to a cathode-ray oscillograph.
(Addition to 515 027).

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 14th June,
1941.

55o I23.-Piezo-electric device for converting vari-
ations of mechanical pressure into variations c
potential in accordance with a straight-line law.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date, 26th
November, 1941.

550 130. -Condenser constructed of stacked sheets
of dielectric so as to have a predetermined tem-
perature coefficient.

Dubilier Condenser Co. (1925). Application date,
13th June, 1941.

550193. -Multiplex signalling system utilising
frequency modulation.

Marconi's W. T. Co. (assignees of H. 0. Peterson).
Convention date (U.S.A.), 19th June, 1940.

550 4o5. -Triggering circuit for producing pulses
of the order of microseconds from grid -controlled
gas -filled relays.

Standard Telephones and Cables (assignees of F. G.
Hallden). Convention date (U.S.A.), 7th September,
1940.

55o 409. -Multiplex signalling system with means
for preventing the currents in one selective channel
from affecting signal channels on adjacent fre-
quencies.-

Western Electric Co. (communicated by Western
Electric Co., Inc.). Application date, 17th December,
1941.
550 419. -Construction of a condenser comprising
stacked strips of insulating material carrying
coatings which are mutually interlaced.

Dubilier Condenser Co. (1925) (communicated
by W. Dubilier). Application date, 1st July, 1941.

GOODS FOR EXPORT
The fact that goods made of raw materials in
short supply owing to war conditions are adver-
tised in this journal should not be taken as an
indication that they are necessarily available

for export.
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PROPAGATION OF WAVES

162I. ELECTROMAGNETIC FIELDS IN RADIO : III
[Wave Transmission in Space].-M. Johnson.
(Wireless World, April 1943, Vol. 49, No. 4,
pp. 115-118.)

1622. RADIO WAVES IN THE IONOSPHERE [Simplified
Explanation of Their Behaviour].-T. W.
Bennington. (Wireless World, April 1943,
Vol. 49, No. 4, pp. 96-99.)

1623. RADIO DATA CHARTS-NO. 6 [Resonant
Length of a Capacity -loaded Quarter -
Wavelength Transmission Line].-J. McG.
Sowerby. (Wireless World, April 1943,
Vol. 49, No. 4, pp. 106-107.)

1624. SHUNT -EXCITED BROADCASTING ANTENNA.
-Banerjee & Tiwari. (Indian journ. of
Physics, Oct. 1942, Vol. 25, Part 5, pp.
337-342.) See 1684.

1625. ON THE SOLAR CORONA.-H. Alfven. (Physik.
Berichte, 15th Sept. 1942, Vol. 23, No. i8,
pp. 1739-1740.) Long summary of the paper
in Ark. Mat., A stron. och Fys., Vol. 27,1941,
setting out the writer's theories (and their
agreement with Edlen's results) : see also
3504 of 1942.

1626. RESULTS OF OBSERVATIONS OF THE CORONA
SPECTRUM OF JUNE 19TH 1936, AT OMSK.-
G. Shajn. (Comptes Rendus (Doklady) de

l'Acad. des Spi. de PURSS, 30th Sept. 1940,
Vol. 28, No. g, pp. 778-781: in English.)

Among other points, " no proportionality was
observed between the fall of equivalent width of
emission lines and the intensity of continuous
spectrum with increasing distance from the solar
limb. . . This is in disagreement with the result
of Grotian, who claimed the proportionality in
question, with all the important consequences of
this statement." This deviation from propor-
tionality is obviously of high importance from the
point of view of the interaction between the atoms
or ions responsible for the emission lines and the
free electrons responsible for the continuous
spectrum. Further, " a careful study of the
spectrum of corona in the region 3850-4050 shows,
in opposition to Grotian's suggestion, no trace of
absorption lines of ionised calcium K and H (Fig. 4).
A comparison with the computed theoretical profile
leads to a striking discrepancy, and this seems to
be experimentum crucis of the current theory of
absorption lines in the spectrum of inner corona,
which are supposed to be due to Doppler's broaden-
ing under the influence of thermal velocities of
electrons. This is discussed [in the full paper]
from the point of view of reconciliation with the
hypothesis of non -thermal motion of electrons,
and some suggestions are made with respect to the
effect of fast electrons."

Finally, " there is an analogy between the
coronal and some chromospheric lines (helium,
hydrogen) with respect to their variability, their
relationships -to the continuous background, and
perhaps with respect to the delay in the intensity
increase with approach to the solar limb (the last
holds probably for helium in 'chromosphere).
Basing on this and on the known relationship
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between the protuberances and the details of
coronal structure, as well as on the consideration
of the motions and the conditions of excitation,
one may assume that a single source (energetic
emission of the ultra -violet quanta or of the fast
particles) controls the equilibrium, motion, and
excitation in the chromosphere, in the protuber-
ances, and in the inner corona."

1627. FLUCTUATIONS, OF SOLAR RADIATION, FROM
THE VIEWPOINT OF TERRESTRIAL MAGNETISM
[Relations between Fluctuations of Com-
ponents (Corpuscular & Short -Wave Radia-
tions) lost in the Atmosphere above 5o km,
and the Geomagnetic Elements]. -J. Bartels.
(Physik. Berichte, 1st Oct. 1942, Vol. 23,
No. 19, p. 1797: short summary of brief
survey in Forschungen and Fortschritte,
No. 19/20, Vol. 18, 1942.)

1628. PRODUCTION, CONCENTRATION, AND DECOM-
POSITION OF OZONE BY ULTRAVIOLET LIGHT.
-A. W. Ewell. (Phys. Review, 1st/15th Jan.
1943, Vol. 63, Nos. 1/2, p. 65.) Summary
only.

1629 ON THE INFLUENCE OF TEMPERATURE ON
THE ABSORPTION SPECTRUM OF OZONE IN
THE HUGGINS' BANDS [and the Incorrectness
Of Barbier & Chalonge's Deductions of Very
Low Temperatures : etc.]. - E. Vassy.
(Comptes Rendus [Paris], No. 5, Vol. 214,
1942, p. 219 onwards.) For a summary see
Physik. Berichte, 1st Oct. 1942, VOL 23,
No. 19, p. 181o, and for later work see 989
of April.

1630. ELEMENTARY ABSORPTION OF LIGHT IN ITS
PASSAGE THROUGH CLOUDS [Calculations
based on Methods of Geometrical Optics, ne-
glecting Diffraction Effects : Energy absorbed
in Unit Volume of Cloud composed of
Dtoplets all of Radius R is Independent of
R and of Number of Droplets, depending
only on Total Water Content : Increase or
Decrease of Absorption must therefore
correspond to a Condensation or Evapora-.
tion : etc.]. -G. Zanotelli. (Physik. Berichte,
IA Oct. 1942, Vol. 23, No. 19, pp. 1809-
181o.)

1631. THE NATURE OF THE PRIMARY COSMIC
RADIATION. M. Schein & M. Iona. (Phys.
Review, ist115th Jan. 1943, Vol. 63, No.
1/2, p. 6o.)

Demonstrates, in accordance with previous work,
that the main body of the primary cosmic radiation
does not consist of electrons. Summary only.
Refers to 2356 of 1941.

1632. ON THE THEORY OF THE ANOMALOUS REFLEC-
TION OF OPTICAL LINE GRATINGS [Wood's
Bright Bands]. -K. Artmann. (Zeitschr. f.
Physik, 25th Sept. 1942, Vol. 119, No. 9/10,
PP. 529-567.)

These intensity anomalies occur only for one
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particular direction of polarisation of the incident
light, and are traced to the phase -coincidence
between an infinite number of multiply -diffracted
waves leaving the grating in a tangential direction.
The formulae of Rayleigh and Fano, which yield
only qualitatively correct values for the intensity -
distribution in the neighbourhood of these bands,
are replaced by quantitatively correct formulae,
which are found to agree satisfactorily with experi-
mental results.

1633. SCATTERING OF LIGHT AND RELAXATION
PHENOMENA IN LIQUIDS [and the Origin
of the " Rayleigh Line Background "].-
Gross. (See 1786.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

1634. THE RECORDING OF THUNDERSTORMS. -
J. Lugeon. (Bull. de l'Assoc. Suisse des
Elec., 27th Jan. 1943, Vol. 34, No. 2, pp.
29-43 : in German.)

Survey of work in various countries since 1919 :
the Lugeon " Atmoradiograph " (1926 onwards) :
the Lugeon-Nobile " Radiomaximograph " (1939)
giving the absolute value of intensities : its use
in estimating distances : the Lutkin narrow -sector
" Radiogoniograph " (1926) and Nobile's improved
version (1940: see 1635, below) : thunderstorm
classification for Alpine regions: geographical
distribution : the " Simpson-Lugeon " theory of
the heat thunderstorm : the zone of silence :
Swiss recordings in 1940: appeal to Swiss hydro-
electric industry to establish triangle of radio-
goniometric stations by adding two more to the
central Zurich station : etc., etc.

1635. A DIRECTION FINDER FOR ATMOSPHERICS
[at the Zurich Meteorological Station]. -
G. Nobile : Lutkin. (Bull. de l'Assoc.
Suisse des Elec., 27th Jan. 1943, Vol. 34,
No. 2, pp. 43-46: in German.)

Referred to in 1634, above. " This apparatus
records automatically, with a precision of I',
the azimuthal directions of the electrical parasites
produced by lightning strokes, independently of
the distance of the storm, for example over the
American coast of the Atlantic. The radio-
goniometry of very distant storms is possible even
when extremely violent storm centres are in the
immediate neighbourhood of the recorder."

1636. THUNDERSTORM - WARNING SERVICE AND
THUNDERSTORM OBSERVATIONS OF THE
NORTH-EAST SWITZERLAND POWER COM-
PANY, BADEN (" NOK " NETWORK). -W.
Zobrist. (Bull de l'Assoc. Suisse des Elec.,
27th Jan. 1943, Vol. 34, No. 2, pp. 46-49
in German.)

PROPERTIES OF CIRCUITS

1637. COUPLED RESONANT CIRCUITS FOR TRANS-
MITTERS [Derivation of Simple & Useful
Relationships]. - N. I. Korinan. (Proc.
I.R.E., Jan. 1943, Vol. 31, No. I, pp. 28-32.)
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1638. AN IMPEDANCE - MATCHING TRANSFORMER
[Simple Method for Matching the Antenna
to the Transmission Line].=T. A. Gadwa.
(Q.S.T., Feb. 1943, Vol. 27, No. 2, pp. 22-
26.)

1639. SOME GRAPHICAL SOLUTIONS OF PARALLEL
Clacuirs.-R. C. Paine. (Electronics, Dec.
1942, Vol. 15, No. 12, pp. 90, 92, 94, 96,
g8, and roo.)

1640. DISCUSSION on "A CONTRIBUTION TO THE
THEORY OF NETWORK SYNTHESIS."-(Proc.
I.R.E., Feb. 1943, Vol. 31, No. 2, pp. 8o-82.)
The original paper by Whiteman is in
Prot. I.R.E., May 1942, Vol. 30, pp. 244-
247 : see 347 of February.

1641. A 3 - RESONANT - CIRCUIT TRANSFORMER. -
M. R. Winkler. (Electronics, Jan. 1943,
Vol. 16, No. r, pp. 96-100 and 204.)

A two -stage band-pass amplifier having high
and variable selectivity with uniform band-pass
response embodies a three -resonant -circuit trans-
former and complementary two -circuit transformer.
A simplified procedure for designing suitable
transformers of optimum performance is given.

1642. ON OHM'S LAW.-R. 0. Kapp. (Distrib.
of Elec., April 1943, Vol. 15, No. 150, pp.
91-92)

1643. CIRCUIT CALCULATIONS [Examples of Graphi-
cal Methods for Solving Circuit Problems].-
G. W. Stubbings. (Elec. Review, 2nd April
1943, Vol. 132, No. 3410, pp. 449-450.)

1644. A GENERAL SYMBOLIC METHOD FOR THE
TREATMENT OF VARIABLE -REGIME PHENOM-
ENA IN LINEAR SYSTEMS WITH CONCEN-
TRATED CONSTANTS [with Application to
Transients in Chains of Coupled Circuits
pr Filters, etc.].-L. Vallese. (L'Elettrotec-
nica, loth & 25th June and loth & 25th
July 1942, Vol. 29, p. 238 onwards.)

1645. REACTANCE NETWORKS WITH RESISTANCE
TERMINATIONS [and Their Properties as
Filters]. - F. S. Purington. (Electronics,
Jan. 1943, Vol. 16, No. 1, pp. 69-72 and
197, 198.)

1646. PICK-UP ACCESSORIES [Design & Construc-
tion of Low -Pass Filter & Feeder Unit].-
J. Brierley. (Wireless World, April 1943,
Vol. 49, No. 4, pp. 100-1o3.)

1647. SIMPLE QUARTZ -CRYSTAL FILTERS OF VARI-
ABLE BANDWIDTH.-G. Builder & J. E.
Benson. (Wireless Engineer, April 1943,
Vol. 20, No. 235, pp. 183-189.)

The paper discusses methods of varying the
bandwidth of commercial receivers using a single
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quartz crystal in a bridge -balanced circuit, and the
calculation of the maximum obtainable band-
width. One commonly used circuit is shown to be
indistinguishable from a confluent band-pass
filter which is, however, not directly realisable
physically using a quartz crystal. Simple m -de-
rived sections and bridged -T sections are so
realisable and provide useful alternative designs.

1648. THE POTENTIOMETER IDEA IN NETWORK
CALCULATION [Elimination of Unnecessary
Current Terms in A.C. Voltage Calculations].
--H. Stockman. (Proc. I.R.E., Feb. 1943.
Vol. 31, No. 2, p. 85.)

1649. ATTENUATION AND PHASE -SHIFT EQUALISERS
[Semi -Graphical Method of Designing Com-
pensating Networks to obtain Desired
Attenuation/Frequency and Phase -Shift
Frequency Curves].-W. Saraga. (Wireless
Engineer, April 1943, Vol. 20, No. 235,
pp. 163-181.)

1650. EXISTENCE OF PERIODIC SOLUTIONS FOR
CERTAII. DIFFERENTIAL EQUATIONS. - S.
Lefschetz. (Proc. Nat. Acad. Sci., Jan.
1943, Vol. 29, No. I, pp. 29-32.)

The type of equation considered generalises the
equation for the response of an electrical series
circuit with resistance and capacitance (both
constant) and an inductor with specified current -
flux saturation curve. The existence of periodic
solutions for such an equation is proved.

1651. OPTIMUM CONDITIONS IN CLASS A AMPLI-
FIERS [Letters indicating Simplifications to
the Mathematical Analysis & a New Method
o[ Approach].-K. R. Sturley : E. M.
Hadfield. (Wireless Engineer, April 1943,.
Vol. 2o, No. 235, pp. 181-182.) See 1027
of April.

1652. COMPARISON OF VOLTAGE-AND CURRENT-
[NegatiVe-] FEEDBACK AMPLIFIERS [10 Assist
in Choosing Type and Quantity required
in Particular Circumstances].-E. H. Schulz.
(Proc. I.R.E., Jan. 1943, Vol. 31, No. x,
pp. 25-28).

1653. HIGH - FREQUENCY RESPONSE OF VIDEO
AMPLIFIERS.-A. Preisman. (Communica-
tions., Dec. 1942, Vol. 22, No. 12, pp. 16,
19, 20, 38, 41, and 45.) To be continued.

1654. BEHAVIOUR OF A BALANCED D.C. AMPLIFIER
[Previously Unreported Properties of the
Barth Circuit employing the FP54 Electro-
meter Tube].-R. e. Spencer & LeRoy
Schulz. (Review Scient. Instr., Jan. 1943.
Vol. 14, No. I, pp. 10-14.)

1655. DE -IONIZATION CONSIDERATIONS IN A HAR-
MONIC GENERATOR EMPLOYING A GAS -TUBE

1
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SWITCH.-W. G. Shepherd. (Proc.
Feb. 1943, Vol. 31, No. 2, pp. 66-74.)

" A description is given of an experimental
investigation of the properties of a thyratron
operating as a high -frequency switch in a circuit
which permitted the generation of a wide band of
harmonics. The experiments indicate that there
is an operating frequency below which no diffi-
culties in de -ionization occur and above which
stable operation requires that the grid potential
fulfil certain conditions. It has been found possible
to operate certain standard thyratrons at switching
frequencies as high as several hundred kilocycles
per second." _

1656. SIMPLE PULSE -GENERATING CIRCUITS [pro-
viding Slow D.C. Pulses].-L. E. Greenlee.
(Electronics, Jan. 1943, Vol. 16, No. i, pp.
118, 120, 122, and 124. )

1657. SIMPLE TEST OSCILLATOR [Practical Uses
of the Transitron Oscillator].-A. G. Cham-
bers. (Wireless World, April 1943, Vol. 49,
No. 4, pp. 104-105.)

1658. A FREQUENCY - MODULATED RESISTANCE -
CAPACITANCE OSCILLATOR.-C.-K. Chang.
(Proc. I.R.E., Jan. 1943, Vol. 31, No. r,
pp. 22-25.)

1659. RADIO DATA CHARTS-NO. 6 [Resonant
Length of a Capacity -Loaded Quarter -
Wavelength Transmission Line].-J. McG.
Sowerby. (Wireless World, April 1943,
Vol. 49, No. 4, pp. 106-107.)

TRANSMISSION

1660. DEVELOPMENTAL WORK IN MICRO - WAVE
TECHNIQUE [particularly the Writer's " Tur-
bator " Generator for Wavelengths around
to cm, and Its Advantages over the Mag-
netron & Klystron].-F. Liidi. (Bull. de
l'Assoc. Suisse des Elec., 18th Nov. 1942,
Vol. 33, No. 23, pp. 666-670: in German.)

Applications of decimetric waves :-beam com-
munication, for secrecy : detection of objects :
direction and distance determination (by pulse
or frequency -change methods) : multi -channel
communication (substitute for the h.f. cable) : etc.
Beam aerials. " Q "-meter. Generating methods :
the similarity between the oscillation mechanisms
of the retarding -field triode, the magnetron, and
the klystron. Objections to the magnetron, par-
ticularly back -heating and the weight of the magnet
necessary to provide the strong field ; these do
not, however, apply to magnetrons used for recep-
tion. Back -heating makes the permissible filament -
loading the controlling factor in a transmitting
magnetron, in place of the maximum anode -
dissipation. The comparative failure of many
attempts with water-cooled magnetrons have con-
firmed this.

The true solution is found by a closer examination
of the electron mechanism in the electric and
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magnetic fields. " The electrons do not describe
simple circles : these circles themselves have a
forward motion perpendicular to the electric field . . .

so that the electron paths become cycloidal (Fig.
7). If a synchronous rotating field is superposed
on the radial d.c. field, the ' rolling circles ' describe,
under the influence of the constant radial and
tangential field -components, a small additional
movement . . . According to the starting phase
of the electrons with respect to the radial corn-
pdnent of the rotating field, the mid -points of the

rolling circles ' are either drawn slightly together
or apart, with the effect of ' bunching.' Calculation
shows that the compression factor is determined
by the same quantities as in the klystron, though
the distance between the ' bunching ' and ' catch-
ing ' electrodes is arbitrarily great on account of
the circular arrangement, so that the building -up
currents can be kept small. With accurate con-
struction they may be less than I MA. Under the
influence of the tangential rotating field, the electron
bunches move radially to the anode, so that there is
no need to set the magnetic field obliquely : only,
or practically only, those electrons which take part
in the oscillation move to the anode." The follow-
ing important consequences are thus obtained:
(I) the axial adjustment of the magnetic field pre-
vents back -heating, which is further impeded by
the incommensurability of the ' rolling circle
frequency with the natural frequency of the resonant
circuit : (2) this same axial adjustment results in
the working point lying on the lower bend of the
current/voltage characteristic, instead of on the
upper bend, near the saturation point, as in the case
of the oblique -field magnetron : thus the new
arrangement has a low sensitivity to heating -
current fluctuations : (3) since the space -charge
region is involved, and because of the larger con-
structional dimensions, oxide cathodes can now
be used : (4) because the oscillation frequency is
not determined by the " rolling circle " frequency
but by its velocity of progression, much lighter
permanent magnets can be employed (for instance,
35o instead of 1300 gauss for a 10 cm waNw).

A comparison between the control curves (Fig. 8)
of a magnetron and a " turbator " shows that the
electron mechanism of the latter allows a stable,
single -wave oscillation to be obtained, without
stabilising devices, with roo times greater output
(some watts). The valve construction is very
simple, consisting only of the resonator, two side
plates, and a tungsten spiral. Models of trans-
mitters and receivers, made by the Brown Boveri
Company, were successfully demonstrated. See
also 1693.

1661. " MICROWAVE TRANSMISSION [I mm tO
I cm : Book Review].-J. C. Slater. (Com-
munications, Dec. 1942, Vol. 22, No. 12,
P. 54.)

1662. AIRCRAFT WIRELESS [Short -Wave Trans-
mitter].-Windecke. (Brown Boveri Review,
Dec. 1941, Vol. 28, No. 12, pp. 414-417.)

1663. AN IMPEDANCE - MATCHING TRANSFORMER
[Simple Method for Matching the Antenna
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to the Transmission Line].-T. A. Gadwa.
(Q.S.T., Feb. 1943, Vol. 27, No. 2, pp. 22-
26.)

1664. COUPLED RESONANT CIRCUITS FOR TRANS-
MITTERS [Derivation of Simple & Useful
Relationships]. - N. I. Korinan (Proc.
I.R.E., Jan. 1943, Vol. 31, No. r, pp. 28-32.)

1665. FREQUENCY MODULATION. - Guanella $c
Schwartz. (Brown Boveri Review, Dec.
1941, Vol. 28, No. 12, pp. 417-422.)

1666. A FREQUENCY - MODULATED RESISTANCE -
CAPACITANCE OSCILLATOR.-C.-K. Chang.
(Proc. I.R.E., Jan. 1943, Vol. 3r, No. I,
pp. 22-25.)

1667. METHODS FOR THE AUTOMATIC SCRAMBLING
OF SPEECH [Wireless Transmission Secrecy].
-Guanella. (Brown Boveri Review, Dec.
1941, Vol. 28, No. 12, pp. 397-408.)

1668. WARTIME DEVELOPMENTS IN CARRIER CUR-
RENT-COMMUNICATION.-G. Abraham. (Elec-
tronics, Jan. 1943, Vol. 16, No. r, pp. 76, 77
and 187.)

Radio -frequency signals guided over power lines
are attenuated more than low -frequency trans-
missions, but readily available tuners are easily
adapted to the reception of such signals. Four
systems of distribution, and coupling considerations,
are discussed.

1669. RADIO SOUNDING IN THE UNITED STATES
[a Review describing Equipment and
Methods].-C. B. Pear. (Electronics, Jan.
1943, Vol. 16, No. r, pp. 82-85.)

1670. PACK COMMUNICATIONS EQUIPMENT FOR
FIRE FIGHTING [as Used in the New York
Fire Department].-A. H. Meyerson. (Com-
munications, Dec. 1942, Vol. 22, No. 12,
pp. 7-1I and 42, 43.) To be continued.

RECEPTION

1671. A BATTERY -FED ALL -WAVE RECEIVER [5-
3000 m, with Special Attention to Selec-
tivity, Sensitivity, & Amplitude -Limitation
for Reduction of Interference : Designed
primarily for Weak Signals, for Interception,
etc.].-O. Grob. (Bull. de l'Assoc. Suisse
des Elec., 18th Nov. 1942, Vol. 33, No. 23,
pp. 67o-673: in German.)

The amplitude -limiting is obtained by two
selenium rectifiers connected in opposite directions
across the headphone terminals : the limiting action
begins at about 2 mw. Extra terminals, cutting
out the limiter and its additional distortion, are
provided for intrinsically " good " signals. For
signals above 12 Mc/s double frequency -transforma-
tion is employed : the first two valves, hitherto
used as h.f. amplifiers, become the first mixing
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valve and the first oscillator valve respectively.
The first i.f. is not fixed but varies, over the range
of one coil unit (there are ro in all), from 1.5 to
3.2 Mc/s : this plan has certain advantages (I, 2, 3
on p. 671). The second i.f. for the double frequency
transposition is 465 kc/s. The receiver band
width is adjustable in three steps : in the " narrow
adjustment a quartz filter is connected in the
465 kc/s i.f. amplifier, enabling absolute single-
sideband reception to be obtained. In the long -
wave range (100-750 kc/s), where the i.f. is changed
automatically from 465 kc/s to 7o kc/s by the
insertion of the correct coil unit, the " narrow "
setting makes the 1.f. amplifier selective for the
frequency goo c/s, so as to give a band width of
50-100 c/s. The valves comprise 9 pentodes,
2 hexodes, and I double triode, consuming 0.47 A
at 6 v for heating and 30 mA at 120 v for anode
supply. If a converter driven off an accumulator
is used, the consumption is 2.7 A at 6 v.

1672. RECEIVER DESIGN FACTORS IN AIRCRAFT
COMMUNICATIONS [with Particular Reference
to the Development of the Sior and S102
Receivers].-C. W. McKee. (Communica-
tions, Dec. 1942; Vol. 22, No. 12, pp. 22-24
and 26, 46-48.)

1673. SUPERHETERODYNE TUNING [Graphical Me-
thod of determining Values of Circuit
Constants for Ganged Control of Signal &
Oscillator Tuning].-D. Riach. (Wireless
Engineer, April 1943, Vol. 20, No. 235,
pp. 159-162.)

1674. AN AUTOMATIC 1000 CYCLE RECEIVER [tO
Operate an Alarm on Receipt of r000 c.p.s.
Modulation].-C. H. Topmiller. (Commu-
nications, Dec. 1942, Vol. 22, No. 12,
pp. 28, 29 and 31.)

1675. FREQUENCY MODULATION. - Guanella &
Schwartz. (Brown Boveri Review, Dec. 1941,
Vol. 28, No. 12, pp. 417-422.)

1676. FREQUENCY MODULATION : IV [Pre -emphasis,
De -emphasis, & the Double -tuned Dis-
criminator].-C. Tibbs. (Wireless World,
April 1943, Vol. 49, No. 4, pp. III -114.)

The reduction in noise -level which is produced
by pre -emphasis of the higher audio -frequencies
is discussed, together with the method of de -
emphasis at the receiver. The discriminator is
introduced with an investigation into the functioning
of the double -turned type of circuit. See 1061 of
April.

1677. HIGH - FREQUENCY RESPONSE OF VIDEO
AMPLIFIERS.-A. Preisman. (Communica-
tions, Dec. 1942, Vol. 22, No. 12, pp. 16,
19, 20, 38, 41, and 45.) To be continued.

1678. AUTOMATIC FREQUENCY AND PHASE CONTROL
OF SYNCHRONIZATION IN TELEVISION RE-
CEIVERS [of Particular Advantage in Con-



June, 1943' WIRELESS
ENGINEER

ditions of Severe Noise].-K. R. Wendt &
G. L. Fredendall. (Proc. I.R.E., Jan. 1943,
Vol. 3, No. I, pp. 7-15.) See 829 of March.

1679. COMPARISON OF VOLTAGE-AND CURRENT-
' [Negative -]-FEEDBACK AMPLIFIERS [to assist

in Choosing Type and Quantity required in
Particular Circumstances].-E. H. Schulz.
(Proc. I.R.E., Jan. 1943, Vol. 31, No. r,
pp. 25-28.)

1680. SIMPLE QUARTZ -CRYSTAL FILTERS OF VARI-
ABLE BANDWIDTH.-Builder and Benson.
(See 1647.)

1681. PACK COMMUNICATIONS EQUIPMENT FOR
FIRE FIGHTING [as Used in the New York
Fire Department].-A. H. Meyerson. (Com-
munications, Dec. 1942, Vol. 22, No. 12,
pp. 7-11, and 42, 43.) To be continued.

1682. AGREEMENT BETWEEN THE ELECTRICAL &
ELECTRICITY -SUPPLY ASSOCIATIONS AND THE
SWISS POSTAL ADMINISTRATION REGARDING
THE FIGHT AGAINST RADIOPHONIC INTER-
FERENCE.-(Bull. de, l'Assoc. Suisse des Elec.,
18th NOV. 1942, Vol. 33, No. 23, pp. 682-
685 : in French.)

AERIALS AND AERIAL SYSTEMS

1683. LOOP ANTENNAS FOR AIRCRAFT.-G. F.
Levy. (Proc. I.R.E., Feb. 1943, Vol. 31,
No. 2, pp. 56-66.)

.... the electrical and mechanical design of
aircraft loop antennas differs considerably from
that of other types. In this paper those char-
acteristics, requirements, and design considerations
which are associated uniquely with aircraft loop
antennas operating in radio -range or beacon band
extending from 200 to 400 kilocycles will be dis-
cussed. . . . The low -impedance ' & the ' high -
impedance ' types of air -core loops are considered
and analysed mathematically on the basis of their
receiving efficiency and directive properties. . . .

Iron -core loop antennas which have been used
extensively abroad are considered separately &
comparison is made with air -core types."

1684. SHUNT -EXCITED BROADCASTING ANTENNA.-
S. S. Banerjee & S. Y. Tiwari. (Indian
Journ. of Physics, Oct. 1942, Vol. 25, Part 5,
PP 337-342.)

A theoretical study of the effect on the intensity
of the field radiated when the point of excitation
is gradually altered. The field intensities for
quarter, half, and full wavelength antennae are calcu-
lated at a ground distance of one wavelength from
the base, and suitable points for excitation are
indicated. Refers to 3681 of 1937 & back references.

1685. A NOTE ON THE CHARACTERISTICS OF THE
TWO -ANTENNA ARRAY.-C. W. Harrison.

3 I I

(Proc. I.R.E., Feb. 1943, Vol. 31, No. 2,
PP. 75-78.)

" The definition for the ' effective length ' of a
transmitting antenna, which- was recently brought
to the attention of readers (3326 of 1941) is used
in deriving expressions for the radiation function,
radiation resistance, directivity, and gain of a two -
vertical -antenna array when the relative phase of
excitation and current amplitudes are of arbitrary
value. . . Since the assumption of a perfect
earth is made, the results are precise only for
antennas operated at broadcast frequencies, and
at longer wavelengths."

1686. THEORY OF ANTENNAS OF ARBITRARY SIZE
AND SHAPE : CORRECTION.-S. A. Schel-
kunoff. (Proc. I.R.E., Jan. 1943, Vol. 31,
No. r, p. 38.) Error in Fig. 9 of 1049 of
1942.

1687. THE CALCULATION OF AERIAL CAPACITANCE
[Reasons for Errors in Some Methods of
Calculating Capacitance of Umbrella &
Other Aerials].-G. W. 0. Howe. (Wireless
Engineer, April 1943, Vol. 20, No. 235, pp.
157-158.)

1688. THE MEASUREMENT OF CABLE. CONSTANTS
AT HIGH FREQUENCIES.-Goldschmidt. (See
1724.)

VALVES AND THERMIONICS

1689. A DIODE FOR VOLTAGE MEASUREMENT ON
DECIMETRIC WAVES.-M. J. 0. Strutt &
K. S. Knol. (Philips Tech. Rundschau,
April 1942, Vol. 7, No. 4, p. 124 onwards.)
With nine illustrations.

1690. " HIGH FREQUENCY THERMIONIG TUBES "
[Book Review].-Harvey. (Elec. Review,
9th April 1943, Vol. 132, No. 3411, p. 494.)

1691. SHOT EFFECT IN PHOTOCELLS WITH SECOND-
ARY -EMISSION MULTIPLICATION.-Hartmann
& Rothe. (See 1712.)

1692. DE -IONIZATION CONSIDERATIONS IN A HAR-
MONIC GENERATOR EMPLOYING A GAS -TUBE
SWITCH.-Shepherd. (See 1655.)

1693. VALVE GENERATORS FOR ULTRA -SHORT
WAVES BASED ON TRANSIT -TIME CONTROL
[Transator & Turbator].-Liidi. (Brown
Boveri Review, Dec. 1941, Vol. 28, No. 12,
PP 395-396.)

1694. THE " TURBATOR " GENERATOR FOR IO CM
WAVES, AND ITS ADVANTAGES OVER THE
MAGNETRON AND KLYSTRON.-Liidi. (See
1660.)
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1695. DIRECTION -FINDING APPARATUS IN THE SER-
VICE OF AERIAL NAVIGATION [Lecture, with
Particular Reference to D.F. Errors and the
Equipment manufactured by the Hasler
Company, of Berne].-Ch. Robert. (Bull.
de l'Assoc. Suisse des Elec., i8th Nov. 1942,
Vol. 33, No. 23, pp. 659=-666: in German.)

In the subsequent Discussion, Wertli (Brown,
Boveri) stresses the advantages of ultra -short
waves, and quotes foreign resultS showing errors
of less than 2° over 200-300 km distances. Wehrlin
(also of the Hasler Company) states that similar
work has been carried out in Switzerland, but
regards the ultra -short waves as a useful adjunct
to long -wave working, which gives an accuracy
within half a degree. Lugeon refers to Nobile's
direction finder having an accuracy within a tenth
of a degree, equal to or perhaps better, for aero-
logical soundings, than that given by optical
methods : it tracks a balloon within + 5o m at a
distance between 6o and too km, as was shown
in a recent case which he mentions.

1696. CONSIDERATIONS ON THE RADIO GUIDANCE
OF AEROPLANES [Influence of Position of
Aeroplane, and of the Shape of Its Aerial :
" Radiation Surfaces " : etc.].-F. Raymond.
(Rev. Gin. de l'Elec., March 1942, Vol. 51,
No. 3, p. 217 onwards.) With five illustra-
tions and a table.

1697. LOOP ANTENNAS FOR AIR61AFT-LeVy. (See
1683.)

1698. A NOTE ON THE CHARACTERISTICS OF THE
TWO - ANTENNA ARRAY. - Harrison. (See
1685.)

1699. THE RECORDING OF THUNDERSTORMS, and
A DIRECTION FINDER FOR ATMOSPHERICS.-
Lugeon : Nobile. (See 1634 & 1635.)

1700. SOUTH AFRICAN I. E.E. [President's In-
augural Address]. - E. T. Price. (Elec.
Review, 16th April 1943, Vol. 132, No. 3412,
P. 524.)

Refers to production of radio d.f. equipment in
large numbers completely from materials available
in South Africa. Summary only.

° ACOUSTICS AND AUDIO -FREQUENCIES

1701. ON THE VELOCITY OF PROPAGATION OF
SOUND IN QUARTZ [and Its Dependence on
the Direction : Calculation of the Three
Principal Velocities from the Secular Equa-
tion, and Confirmation of Gross's Experi-
mental Values].-K. Wulfson. (Comptes
Rendus (Doklady) de l'Acad. des Sci. de
l'URSS, 3oth Sept. 1940, Vol. 28, Nor 9,
pp. 792-793 : in French.)
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1702. CONTEMPORARY PROBLEMS IN TELEVISION
SOUND.-C. L. Townsend. (Proc. I.R.E.,
Jan. 1943, Vol. 31, No. r, pp. 3-7.)

1703. " ACOUSTICS OF MUSIC " [Book Review].-
T. Bartholomew. (Proc. I.R.E., Jan. 194q,
Vol. 31, No. I, p. 42.)

1704, SELECTED PROBLEMS IN ARCHITECTURAL
ACOUSTICS [pertaining to Recording Studios
& Conditions of Microphone Pickup].-M.
Rettinger. (Proc. I.R.E., Jan. 1943, Vol. 31,
No. 1, pp. 18-22.)

1705. PUBLIC ADpRESS SYSTEMS.-S. (Elec
Communication, 1943, VOL 2 I , No. I,
pp. 13-26.)

Deals with apparatus, acoustical problemS, plan-
ning and installation to overcome acoustical defects
of the auditorium, " time delay," extraneous noise,
auditory perspective by stereophonic means, and
ends with a description of three existing installa-
tions.

I706. THE SUBJECTIVE MEASUREMENT OF THE
QUALITY OF, TELEPHONE CIRCUITS : I AND
II.-Panzerbieter & Rechten. (Bull. de
l'Assoc. Suisse dei Elec., 4th Nov. 1942,
Vol. 33, No. 22, pp. 634-635: 13th Jan.
1943, Vol. 34, No. I, pp. 22-24.) French
version of the German work dealt with in
3023 of 1942 and 1141 of April.

1707. PICK-UP ACCESSORIES [Design & Construc-
tion of Low -Pass Filter & Feeder Unit].-
J. Brierley. (Wireless World, April 1943,
Vol. 49, No. 4, pp. 100-103.)

1708. IMPROVED LOW -FREQUENCY HORN.-P. W.
Klipsch. (Journ. Acous. Soc. Am., Jan.
1943, Vol. 14, No. 3, pp. 179-182.)

Measurements on the horn described in 727. of
1942.

1709. THE REDUCTION OF RECORD NOISE BY PICK-
UP DESIGN [to Reduce its Mechanical Im-
pedance at the Stylus Point].-A. D. Burt.
(Electronics, Jan. 1943, Vol. 16, No. 1,

 pp. 90-93 and 198, 199.)

1710. A SIMPLE BEAT -NOTE OSCILLATOR [20 CIS
to 12 kcis, by Combination of First Harmonic
of 30o kc/s Generator with Second Harmonic
of 200 kcis Generator : Diode Rectification
& One Stage of A.F. Amplification].-R.
Schumann. (Funitschau, No. 6, Vol. 15,
1942, p. 90.)

171 I . THE MEASUREMENT OF TRANSCRIPTION -
TURNTABLE SPEED VARIATION.-H. E. Roys.
(Proc. I.R.E., Feb. 1943, Vol. 13, No. 2, pp.
52-55.)

" Speed constancy or freedom from speed fluctua-
tion (' wows ') is becoming more important due to
the widespread use of records in radio broadcasting.
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Equipment of a simplified nature which will evaluate
the wow content as a single figure is needed for
standardisation purposes. Some of the existing
equipment is reviewed . . ."

PHOTOTELEGRAPHY AND TELEVISION

1712. SHOT EFFECT IN PHOTOCELLS WITH SECOND-
ARY -EMISSION MULTIPLICATION [and Its
Action in Limiting the Detection of Very Low
Light -Intensities : with Tabulated Results
of Measurements].-W. Hartmann & A.
Rothe. (Fernseh-G.m.g.H. Hausmitteilungen,
1941, Vol. z, No. 3, p. 81 onwards.)

1713. CONTEMPORARY PROBLEMS IN TELEVISION
SOUND.-C. L. Townsend. (Proc. I .R.E.,
Jan. 1943, Vol. 31, No. -I, PP. 3-7.)

1714. " THE FUTURE OF TELEVISION " [BOOk
Review].-O. E. Dunlap. (Electronics, Dec.
1942, Vol. 15, No. 12, pp. 176-179.)

1715. " 4000 YEARS OF TELEVISION " [BOOk
Review].-R. Hubbell. (Electronics, Dec.
1942, Vol. 15, No. 12, p. 180.)

1716. METHOD OF MEASURING THE SENSITIVITY
OF TELEVISION PICK-UP TUBES.-R. Theile
& R. Filipowsky. (Telefunken-Rohre, Dec.
1941, No. 23, p. 316 onwards.) With eleven
figures.

1717. AUTOMATIC FREQUENCY AND PHASE CONTROL
OF SYNCHRONISATION IN TELEVISION RE-
CEIVERS [of Particular Advantage in 'Condi-
tions of Severe Noise].-K. R. Wendt & G. L.
Fredendall. (Proc. I.R.E., Jan. 1943, Vol. 3,
No. z, pp. 7-15.)

1718. THE MEASUREMENT OF CABLE CONSTANTS AT
HIGH FREQUENCIES.-Goldschmidt. (See
1724.)

MEASUREMENTS AND STANDARDS

1719. RADIO -FREQUENCY VOLTMETER.-(Bell Lab.
Record, Jan. 1943, Vol. 21, No. 5, p. 126.)

The voltmeter can be used for measuring voltages
up to io 000 volts at frequencies up to 5o Mc/s.
It incorporates a capacitance potential divider, the
voltage across the larger capacitance being measured
with a valve rectifier and milliameter.

1720. ELECTROSTATIC MEASURING INSTRUMENTS:
A NEW ELECTROSTATIC VOLTMETER WITH
LIGHT -SPOT INDICATION [Heterostatic &
Idiostatic Connections of the Quadrant
Electrometer : Its Range, Frequency Range,
Scale Characteristic, & Applications : the
Siemens Quadrant Electrometer].-P. M.
Pflier. (Siemens-Zeitschr., April/June 1942,
Vol. 22, No. 2, pp. 66 onwards.) See also
1470 of May.
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1721..A DIODE FOR VOLTAGE MEASUREMENT ON
DECIMETRIC WAVES.-M. J. 0. Strutt &
K. S. Knol. (Philips Tech. Rundschau,
April 1942, Vol. 7, No. 4, p. 124 onwards.)
With nine illustrations.

1722. RANGE -EXTENSION FOR ALL TYPES OF
MEASURING INSTRUMENTS: II - ALTER-
NATING -CURRENT METERS [Of Rectifier Type].
-H. G. Mende. (Funkschau, 1942, VOL 15,
No. 6, p. 85 onwards.)

1723. SIMPLIFIED METHOD FOR THE STUDY OF THE
SENSITIVITY OF A MEASURING BRIDGE
[Wheatstone (D.C. & A.G.), Kelvin, Carey -
Foster & Other Types]. --M. G. Ney. (Rev.
Gin. de l'Elec., April 1942, Vol. 51, No. 4,
p. 249 onwards.)

1724. THE MEASUREMENT OF CABLE. CONSTANTS AT
HIGH FREQUENCIES [for Wire Broadcasting,
Television, Aerial Feeders, Multiple Tele-
phony, etc.].-R. Goldschmidt. (Bull. de
l'Assoc. Suisse des Elec., 18th Nov. 1942,
Vol. 33, No. 23, pp. 652-658: in German.)

Author's summary :-" A new method is de-
scribed by which all the properties of a cable can
be measured on a short specimen length with suffi-
cient accuracy for the influence of the construc-
tional elements (conductors and dielectric) to be
determined quickly. The method, which is a
graphical one, involves the measurement of the
open -circuit and short-circuit impedances as func-
tions of the frequency." Fig. 5 shows an illustra-
tion of the measurements applied to a rubber -
insulated delaying cable used for surge -testing
with an oscillograph. Cf. Ditl, no of January,
and Anderson and others, 837/839 of March.

1725. THE USE OF COUNTER CIROUITS IN FRE-
QUENCY DIVIDERS.-H. L. Kent. (Journ.
Acous. Soc. Am.. Jan. 1943, Vol. 14, No. 3,
pp. 175-178.)

Application Of the systems described in 3061 of
1940.

1726. BEHAVIOUR OF A BALANCED D.C. AMPLIFIER
[Previously Unreported Properties of the
Barth Circuit Employing the FP54 Electro-
meter Tube].-R. C. Spencer & LeRoy
Schulz. (Review Scient. Instr., Jan. 1943.
Vol. 14, No. 1, pp. ro-14.)

1727. ON THE VELOCITY OF PROPAGATION OF
SOUND IN QUARTZ.-Wulfsort. (See 1701.)

1728. METHOD OF MEASURING THE  SENSITIVITY
OF TELEVISION PICK-UP TUBES.-R. Theile
& R. Filipowsky.' (Telefunken-ROhre, Dec.
1941, No. 23, p. 316 onwards.) With
eleven figures.
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SUBSIDIARY APPARATUS AND MATERIALS
1729. HIGH-SPEED CATHODE-RAY OSCILLOGRAPHY

[Re -design of Existing Commercial Equip-
ment to permit Recording of Extremely
Short Transients] .-Bryant & Newman.
(Engineering, 26th March 1943, Vol. 155,
No. 4028, pp. 241-242.)

Long summary of a Technical Paper (No. 27)
received from the Engineering Experimental
Establishment,. University of Minnesota.

1730. AN AUTOMATIC SWEEP RELEASE FOR THE
CATHODE-RAY OSCILLOGRAPH.-Rivault &
Haubert. (Rev. Gin. de l'Elec., April 1942,
Vol. 51, No. 4, p. 259 onwards.)

1731. A NEW TIME -BASE ARRANGEMENT FOR HIGH-
SPEED CATHODE-RAY OSCILLOGRAPHS [Cir-
cuit with Large & Small Condensers charged
in Parallel & discharged in Series through
Non - Inductive Resistance : Exponential
Course of Potential across Terminals of
Small Condenser]. - Angelini. (L'Elettro-
tecnica, loth Aug. 1942, Vol. 29, p. 326
onwards.)

1732. A SCANNING ELECTRON MICROSCOPE.-
Zworykin & others. (A .S.T .M . Bulletin,
Aug. 1942, No. 117, pp. 15-23.)

1733. CHARACTERISTICS OF ELECTRON LENSES.-
Spangenberg & Field. (Electronics, Jan.
1943, Vol. 16, No. I, pp. 128, 13o : summary
only.) For the full paper see 2464 of 1942.

1734. THE PREPARATION AND EFFICIENCY OF THE
FAST GEIGER-MULLER COUNTER [Depend-
ence of Efficiency on the Partial Pressures
of Argon and Alcohol : No Change in an
Argon -Alcohol Counter when the Partial
Pressure of the Argon is Raised from II cm
to 74.5 cm].-Rochester & Janussy. (Phys.
Review, 1st/15th Jan. 1943, Vol. 63, No. 1/2,
PP. 52-54)

1735. THE USE OF COUNTER CIRCUITS IN FRE-
QUENCY DIVIDERS.-Kent. (See 1725.)

1736. " ELECTRICAL COUNTING " [With Special
Reference to Alpha and Beta Particles :
Valve Technique in Sub -atomic Research :
Book Review].-W. B. Lewis. (Nature,
3rd April 1943, Vol. 151, No. 3831, p. 377.)

1737. APPLICATION OF ELECTRONICS TO PHYSIOLOGY
[Temperature Control, Precedence Indicator,
Phototube Myograph, and a Membrane
Manometer].-Gibson. (Electronics, Jan. 1943,
Vol. 16, No. 1, pp. 86-89 and 206.) See also
246o, 289o, & 3836 of 1942.

1738. CATHODE. SPUTTERING WITH OBLIQUE INCI-
DENCE OF THE IONS [Unexpectedly High
Sputtering Power of Thin Wires (even when
Free -Path Lengths are so long that Gunther -
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schulze's Explanation cannot hold) traced
to Increased Effectiveness of Ion Impacts at
Tangential Incidence (analogous to Be-
haviour of Secondary -Electron Emission)
and also to Rise in Temperature].-Fetz.
(Zeitschr. f. Physik, 25th Sept. 1942, Vol.
119, No. 9/10, pp. 590-601.)

1739. LIQUID DIELECTRICS [Power Factor, Con-
ductivity, & Polar Contents] .-Piper &
others. (bad. & Eng. Chem., Dec. 1942,
Vol. 34, No. 12, pp. 1505-1509). Industrial
Edition.

1740. REFRACTIVE INDICES OF GASES AT HIGH
RADIO FREQUENCIES.-F. J. Kerr. (Proc.
Phys. Soc., March 1943, Vol. 55, Part 2,
No. 308, pp. 92-98.)

The paper describes the determination of the
refractive indices of dry air and water vapour at a
frequency of 58.3 Mc/s. The refractive index
is obtained from a comparison of the length of
standing waves set up in a resonant coaxial line
in a vacuum with the length of the waves in the
gas. " This result shows that the refractive index
of water vapour is considerably greater than that
of ary air, so that the water vapour in the atmos-
phere will have a large effect on the refraction of
ultra -short waves. The figure agrees well with
the value of Loo6o obtained by Tregigda (1940)
for the dielectric constant of water vapour at 42
Mc/s at 99.8°C. and 76 cm Hg, using a heterodyne
method."

1741. COMPRESSED -POWDER MAGNETS WITH SYN-
THETIC RESIN BINDER.-Dehler. (Stahl
and Eisen, 19th Nov, 1942, Vol. 62, No. 47,
pp. 873-876.)

Permanent magnet alloys of the Fe-Ni-Al type
are glass hard, very brittle and the only machining
operation possible is grinding. The casting of
these alloys is difficult, especially if small holes have
to be provided for fitting pole pieces, etc. A method
of compacting the powdered alloy by means of a
resin binder (6% phenol) is described. By suitably
grading the powder (e.g. 5o% I mm., 2o% 0.3 mm.,
3o% 0.5 mm., grain size) density of the compact
is of the order of 9o% of original alloy density.
(Compacting pressure-I000 atmospheres, hardening
temperature-18o°C.) The moulded product comes
out true to size and no machining is necessary.
The magnetic qualities of such powder magnets are
within 2o% of the corresponding values for the cast
material. The new process also enables the pro-
duction of filaments by extrusion. By adopting
appropriate binders, a magnetic paste or paint can
be obtained which has proved useful when addi-
tional magnetic fields have to be provided in any
arbitrary locality.

1742. MODERN MAGNETIC MATERIALS [Discussion
before British Institution of Radio Engineers:
Description of New Magnetic Alloy com-
posed of Non -Magnetic Materials],-Sowter
& Tyrrell. (Electrician, 9th April 1943,
Vol. 13o, No. 3384, p. 373.)
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1743. A NEW DOUBLE -YOKE ELECTROMAGNET
FOR THE TESTING OF MAGNET STEELS
[specially suited for Routine Testing of
Nickel -Aluminium Steels of High Coercivity].
-Stablein & Steinitz. (Tech. Mitteil. Krupp,
1935, Vol. 3, pp. 129-135. Summary in
Journal Roy. Aeron. Soc., April 1943, Vol.
47, No. 388, p. 149.)

1744. AN APPARKP US FOR MAGNETIC TESTING AT
HIGH MAGNETISING FORCE.-Sanford &
Bennett. (Journ. Res. Nat. Bur. Stds.,
194.3, Vol. 1o, pp. 567-573.)

1745. POWDER METALLURGY. - Jones. (Engin-
eering, 26th March 1943, Vol. 155, No. 4028,
PP 244-245.)

Long summary of a paper read before the N.E.
Coast Inst. of Engineers and Shipbuilders.

1746. POWDER METALLURGY [Industrial Tech-
nique : Products & their Applications,
Including Magnet Steels].-Jones. (Engin-
eering, 19th March 1943, Vol. 155, No. 4027,
pp. 221-240.)

1747. THE VIBRATIONS OF CONTACT SPRINGS
[Calculation of Resonant Frequencies :
Tolerances : etc.].-Haringx. (Philips Tech.
Rundschau, May 1942, Vol. 7, No. 5, p. 155
onwards.)

1748. LIGHT - CURRENT CONNECTOR CONTACTS
[" Tuchel " Plug Contacts]. - Tschanter :
Tuchel. (Zeitschr. V.D.I., 1942, Vol. 86,
No. 9/1o, p. 15o onwards.) See also Dewald,
1284 of April, where designs of this contact
for power as well as communication currents
are described.

1749: PROGRESS IN ENGINEERING KNOWLEDGE
DURING 1942.-Alger & Stokley. (Gen.
Elec. Review, Feb. 1943, Vol. 46, No. 2,
PP. 90-114.)

Reviews developments during 1942 and includes
dielectrics (Formex wire), electronic equipment,
magnetic materials (powder metallurgy applied
to." alnico "), and ultra -short-wave radio.

1750. THE NEW THERMOPLASTIC SYNTHETIC RESINS
AND THE IMPORTANCE OF THEIR ELECTRICAL
APPLICATIONS [with Observations on Their
Mechanical, Thermal, Dielectric, & Hygro-
scopic Characteristics : the Problem of
the Replacement of Mica : etc.].-Codolini.
(L'Elettrotecnica, loth April 1942, Vol. 29,
No. 7, p. 152 onwards.)

1751. SYNTHETIC RUBBERS AND PLASTICS : PART
II [Introduction to their Chemistry : Depen-
dence of Physical Properties on Molecular
Structure]. - Tunstall. (Distrib. of Elec.,
April 1943, Vol. 15, No. 15o, pp. 93-98
and 117.)
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1752. PHOTO -ELECTRIC ALLOYS OF ALKALI METALS.
-Sommer. (Proc. Phys. Soc., March 1943,
Vol. 55, Part 2, No. 308, pp. 145-154.)

The properties of the caesium -antimony alloy,
first described by Gorlich, have been investigated.
It was found that this alloy has the stoichiometiic
formula SbCs,, has the electric resistance of a
semi -conductor, and emits under favourable condi-
tions about I photo -electron for 5 incident light
quanta at 4613o wiz. Alloys of similar structure
were also investigated, and the effect of superficial
oxidation was studied.

1753. NEW USES FOR GLASS.-Turner. (Journ.
Roy. Soc. Arts, 2nd April 1943, Vol. 91,
No. 4636, pp. 224-235.)

The electrical applications mentioned are heat -
treated glass insulators, which compare favourably
with the best porcelain types, and glass fibre
insulation on copper wire, which gives the same
performance as cotton, but with a substantial
reduction in bulk and weight.

1754. FIBROUS GLASS [Characteristics for Electrical
Purposes].-Robertson. (Elec. Review, 16th
April 1943, Vol. 132, No. 3412, p. 515.
Summary only.)

1755. COPPER REFINING [Description of Processes
& Plant in a Modern Refinery].-(Elec.
Review, 2nd April 1943, Vol. 132, No. 341o,
PP. 443-447.)

1756. THE MACHINING OF PRESSPAHN [with Tools
for Wood & for Metal : Some New Glues &
Their Good Results : Mechanical & Electri-
cal Testing : etc.].-Tschudi. (Bull. de.
l'Assoc. Suisse des Elec., 27th Jan. 1943,
Vol. 34, No. 2, pp. 50-52 : in German.)

1757. PAPER CONDENSERS OF THE BELL SYSTEM.
-Brotherton. (Bell Lab. Record, Jan. 1943,
Vol. 21, No. 5, pp. 123-126.)

1758. AN AUTOMATIC 1000 -CYCLE RECEIVER [to
Operate an Alarm on Receipt of moo c/s
Modulation].-Topmiller. (Communications,
Dec. 1942, Vol. 22, No. 12, pp. 28, 29, and
31.)

1759. THE DESIGN OF SMALL STATIC TRANS-
FORMERS [up to 500 Watts, for 45 c/s Fre-
quency]. - Albin. (L'Elettrotecnica, 25th
April 1942, Vol. 29, No. 8, p. ,8o onwards.)

1760. VOLUME RECTIFICATION OF CRYSTALS.-
Sen. (Indian Journ. of Physics, Oct. 1942.
Vol. 25, Part 5, pp. 329-335.)

Experiments to show that the volume rectifica-
tion effect is not confined to crystals like carbor-
undum, zincite, and silicon, having no centres of
symmetry, but is also exhibited by, .e.g. galena,
iron pyrites, and pyrolusite, possessing axes of

A
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symmetry. From the results it is suggested that
the so-called volume rectification may not take
place within the body of the crystal, but may be
due to the differential effect of the surface rectifica-
tion occurring at the two large contacts of the
crystal with the electrodes.

1761. ENGINE -DRIVEN EMERGENCY POWER PLANTS
[Selection, Installation, and Maintenance
in WIBW Transmitting Station].-Troeglen.
(Proc. I .R.E., Jan. 1943, Vol. 31, No. 1,
pp. 15-18.)

1762. ON THE POROSITY OF [Arc-] WELDED SEAMS
[and the Influence of the Presence of Sulphur].
-ter Berg & Sack. (Physik. Berichte,
IS/ Oct. 1942, Vol. 23, No. 19, p. 1787:
summary, from Philips Tech. Rundschau,
No. 3, Vol. 7, 1942, p. 94 onwards.)

1763. ON THE ORIGIN OF RADIATION OF LONG AND
SHORT DURATION IN PHOSPHORS WITH AN
ORGANIC ACTIVATOR [Proof of Independent
Existence of Centres of Radiation of Long
& Short Duration in Boric -Acid Phosphors
activated with Uranin, etc.].-Lewschin &
Tugarinov. (Comptes Rendus (Doklady) de
l' Acad. des Sci. de 1' U RSS , 2oth July 194o,
Vol. 28, No. 2, pp. 115-119: in English.)

1764. RADIO SOUNDING IN THE UNITED STATES
[a Review describing Equipment and
Methods].-Pear. (Electronics, Jan. 1943,
Vol. 16, No. 1, pp. 82-85.)

1765. 'VOLTAGE -REGULATED POWER SUPPLIES.-
Beresldn. (Proc. I .R.E ., Feb. 1943, Vol. 31,
No. 2, pp. 47-52.)

" It is the purpose of this paper to discuss the
problems involved and to develop an orderly
procedure for designing and constructing these
voltage - regulated power supplies for specific
applications. The correlation between design data
and actual tests on a finished model will also be
shown."

1766. WAR -TIME SOLDERING [Describes Compact,
Light, Soldering Iron supplied from Tapped
Low -Voltage Secondary of Small Trans-
former].-Walker. (Electrical Review, 9th
April 1943, Vol. 132, No. 3411, pp. 489-490.)

1767. APPLICATIONS AND LIMITATIONS OF ME-
CHANICAL -ELECTRICAL ANALOGIES, NEW AND
OLD.-Miles. (Journ. A cous . Soc. Am.,
Jan. 1943, Vol. 14, No. 3, pp. 183-192.)

Discusses the general problem and shows the
advantages of Firestone's mobility system, in which
mechanical force is represented by electric current.
See 3636 of 1938.

STATIONS, DESIGN AND OPERATION

1768. WABC-KEY STATION OF THE COLUMBIA
BROADCASTING SYSTEM : A RADIO STATION
ON ITS OWN ISLAND.-Ostlund. (Elec.
Communication, 1942, VOL 21, No. 1, pp.
61-72.) A description of the technical
features.

1769. ENGINE -DRIVEN EMERGENCY POWER PLANTS
[Selection, Installation, and Maintenance
in WIBW Transmitting Station].-Troeglen.
(Proc. I .R.E , Jan. 1943, Vol. 31, No. I,
pp. 15-18.)

1770. PACK COMMUNICATIONS EQUIPMENT FOR
FIRE FIGHTING [as Used in the New York
Fire Department].-Meyerson. (Communi-
cations, Dec. 1942, Vol. 22, No. 12, pp. 7-I1,
and 42, 43.) To be continued.

1771. GERMAN RADIO EQUIPMENT [Ju. 88 & He.
r] .-(A in. Eng., Dec. 1942, Vol. 14, No.

166, pp. 342-357.)

1772. PORTABLE MILITARY WIRELESS EQUIPMENT.
-Lutz. (Brown Boveri Review, Dec. 1941,
Vol. 28, No. 12, pp. 413-414.)

1773. FREQUENCY MODULATION : IV [Pre -emphasis,
De -emphasis, & the Double -tuned Dis-
criminator].-Tibbs. (See 1676.)

1774. THE SUBJECTIVE MEASUREMENT THE
QUALITY OF TELEPHONE CIRCUITS : I AND
II.-Panzerbieter & Rechten. (Bull. de
l' A ssoc. suisse des Elec., 4th Nov. 1942,
Vol. 33, No. ^22, pp. 634-635: 13th Jan.
1943, Vol. 34, No. I, pp. 22-24.) French
version of the German work dealt with in
3023 of 1942 and 1141 of April.

1775

GENERAL PHYSICAL ARTICLES

" PHYSICS AND PHILOSOPHY " [Book Re-
view].-Jeans. (Proc. Phys. Soc., March
1943, Vol. 55, Part 2, No. 308, pp. 155-156.)

1776. " ELECTRODYNAMICS " [Book Review].-
Page & Adams. (Proc. Phys. Soc., March
1943, Vol. 55, Part 2, No. 308, p. 159.)

1777. " ELECTRICAL TERMS " [Book Review-
Sponsored by the American Institute of
Electrical Engineers].-(Science, 6th Nov.
1942, Vol. 96, No. 2497, p. 427.)

1778. " ELECTRICITY AND MAGNETISM " [Book
Review].-Gilbert. (Science, 16th Oct. 1942,
Vol. 96, No. 2494, p. 361.)
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11779. RATIONAL ELECTRODYNAMICS : III-THE
CHARGE AS POINT SINGULARITY.-Milne.
(Phil. Mag., March 1943, Vol. 34, No. 23o,
pp. 197-211.) For previous parts see 1529
of May.

1780. SYSTEMS OF UNITS [Advantages & Dis-
advantages of Various Systems as Applied
to the Engineering Industry].-Woods.
(Distrib. of Elec., April 1943, Vol. 15, No.
150, pp. 112-113.)

1781. MAGNETIC MOMENTS AND VIBRATORY ELEC-
TRONS.-Robertson. (Phil. Mag., March
1943, Vol. 34, No. 230, pp. 182-196.)

1782. THE RELATIVISTIC THEORY OF EXCITED
SPIN STATES OF THE PROTON AND THE
NEUTRON . -Ginsburg. (Phys. Review, ist/
15th Jan. 1943, Vol. 63, No. 1/2, pp. 1-12.)

1783. THE EFFECT OF OBLIQUE INCIDENCE ON THE
CONDITIONS FOR SINGLE SCATTERING OF
ELECTRONS BY THIN FOILS. -Goertzel &
Cox. (Phys. Review, ist/i5th Jan. 1943, Vol.
63, No. 1/2, pp. 37-40.)

1784. THE POLARISATION OF ELECTRONS [by Gold
and Aluminium].-Trounson & Simpson.
(Phys. Review, ist115th Jan. 1943, Vol. 63,
Nos. 1/2, p. 55.) Refers to 1783, above.

1785. ELECTRON POLARISATION [by Gold Foil].-
Shull, Chaie, & Myers. (Phys. Review, istl
15th Jan. 1943, Vol. 63, No. 1/2, pp. 29-37.)

1786. SCATTERING OF LIGHT AND RELAXATION
PHENOMENA IN LIQUIDS . -Gross. (Comptes
Rendus (Doklady) de l'Acad. des Sci. de,
I' U RS S , 3oth Sept. 1940, Vol. 28, No. 9,
pp. 786-791 : in English.)

" The orientation fluctuations are not constant,
but vary in time owing to thermal motion. Changes
in the orientations of the molecules occurring
during the process of the scattering of light should
produce changes in the frequency of scattered
light, and these to my mind are responsible for the
' Rayleigh line background ' on the scattered -light
spectrogram " [hitherto attributed to the free
rotation of the molecules in the liquid]. . . . " It
may be seen from the above that the explanation
suggested in this paper for the origin of the ' Ray-
leigh line background ' is confirmed experimentally.
The investigation of the ' Rayleigh line back-
ground ' supplies a new spectroscopic method for
the determination of the time of relaxation for the
molecules of a liquid. The method is also applic-
able to non -polar liquids."

1787. THEORY OF DIELECTRIC BREAKDOWN [Open-
ing Paper of Discussion on " Dielectric
Breakdown & Other Electronic Processes in
Solids " at a Meeting of the Electronics
Group of Institute of Physics].-Frohlich.
(Nature, loth March 1943, Vol. 151, pp.
339-340)

1788.
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MISCELLANEOUS

A GENERAL SYMBOLIC METHOD- FOR THE
TREATMENT OF VARIABLE -REGIME PHENO-
MENA IN LINEAR SYSTEMS WITH CONCEN-
TRATED CONSTANTS . -Vallese. (See 1644.)

1789. " CALCULUS " [Book Review].-Sherwood &
Taylor. (Science, 22nd Jan. 1943, Vol. 97,
No. 2508, pp. 92-93.)

1790. SIR JOSEPH LARMOR AND MODERN MATHE-
MATICAL PHYSICS. - Birkhoff. (Science,
22nd Jan. 1943, Vol. 97, No. 2508, pp. 77-
79)

1791.

1792.

" TRANSIENTS IN LINEAR SYSTEMS:
VOLUME I " [Book Review].-Gardner &
Barnes. (Proc. I.R.E., Feb. 1943, Vol. 31,
No. 2, pp. 85-86.)

EXISTENCE OF PERIODIC SOLUTIONS FOR
CERTAIN DIFFERENTIAL EQ UAT IONS . -
Lefschetz. (See 1650.)

1793. PASSAGE FROM j ACOBI'S GENERAL METHOD
OF INTEGRATION OF COMPLETE SYSTEMS OF
NON-LINEAR EQUATIONS TO THE SIMPLIFIED
METHOD . -Pfeiffer: (Comptes Rendus (Dok-
lady) de l'Acad. des Sci. de l'URSS, loth
July 1940, Vol. 28, No. 2, pp. 99-101 : iri
French.)

1794. THE DAMPING OF NON-LINEAR VIBRATIONS
[the General Case of Amplitude Modulation].
-Zech. (Ing. Archiv., Feb. 1942, Vol. 13,
No. I, pp. 21-33.) '

1795. ON A CRITERION FOR THE IRREDUCIBILITY
OF POLYNOMIALS, and THE A NAMORPHOSIS
OF POLYNOMIALS.- J akovkin : Nikolaev.,
(Comptes Rendus (Doklady) de l'Acad. des
Sci. de l'URSS, 30th Sept. 1940, Vol. 28,
No. 9, pp. 771-773 : pp. 774-777 : both
in French.)

1796. IMPEDANCE MAGNITUDE AND PHASE ANGLE
CHARTS [to, determine Magnitudes for
Impedances in which X/R lies between
o.i and ro, and Vector Angles for X/R
between o.oi and Too]. - Blow. (Elec-
tronics, Jan. 1943, Vol. 16, No. r, pp. 94,
95)

1797. " PRINCIPLES OF RADIO " [Book Review].
-Henney. (Electronics, Dec. 1942, Vol. 15,
No. 12, p. 176.)

1798. " RADIO " [Book Review].-Vesselo & Morn -
'son. (Journ. Roy. Aeron. Soc., March 1943,
Vol. 47, No. 387, p. 106.) " Air Cadets'
Handbooks " series.
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1799. " ELECTRICAL TECHNOLOGY FOR TELE-
COMMUNICATIONS " [Book Review].-Date.
(Electrician, 9th April 1943, Vol. 13o, No.
3384, P 369.)

1800. " THE RADIO HANDBOOK : EIGHTH EDI-
TION 1941 [Book Review].-(Proc.
Feb. 1943, Vol. 31, No. 2, p. 86.)

1801. " FUNDAMENTALS OF RADIO " [Book Review].
-Jordan, Nelson, and others. (Electronics,
Dec. 1942, Vol. 15, No. 12, p. 179.)

1802. " SHORT-WAVE WIRELESS COMMUNICATION "
[Book Review].-Ladner & Stoner. (Elec.
Review, 26th March 1943, Vol. 132, No.
3409, p. 426.)

1803. " ULTRA - HIGH - FREQUENCY TECHNIQUES "
[Book Review].-Brainerd (Editor), Koehler,
Reich, & Woodruff. (Communications, Dec.
1942, Vol. 22, No. 12, p. 54.)

1804. ELECTRICAL DEVELOPMENTS OF 1942 [General
Survey, including Carrier Current, Meters
and Instruments, Radio and Television,
Synthetic Rubber, and X -Ray Equipment].
-Bartlett. (Gen. Elec. Review, Jan. 1943,
Vol. 46, No. 1, pp. 7-6o.)

1805. BIOGRAPHY OF J. J. THOMSON [Book Review
of " The Life of J. J. Thomson " by Lord
Rayleigh].-Cockcroft. (Elec. Review, 26th
March 1943, Vol. 132, No. 3409, pp. 417-
418.)

i8o6. " LIFE OF SIR J. J. THOMSON [Book
Review]. - Rayleigh. (Proc. Phys. Soc.,
March 1943, Vol. 55, Part .2, No. 308,
pp. 157-158.).

1807. " MOLECULAR FILMS, THE CYCLOTRON, AND
THE NEW BIOLOGY " [Book Review].-
Taylor, Lawrence, & Langmuir. (Proc. Phys.
Soc., March 1943, Vol. 55, Part 2, Nd 308,
pp. 156-157.)

1808. POST-WAR RADIO [Report of -an A.Sc.W.
Branch Meeting to Discuss Post -War Radio
Problems & Development].-(Wireless World,
April 1943, Vol. 49, No. 4, pp. 119-12o.)

1809. POSTWAR -RADIO PLANNING [in U.S.A.]-
Fly. (Proc. I.R.E., Jan. 1943, Vol. 31, No. 1,
PP. 33-35)

1810. I.R.E. AND THE WAR.-Van Dyck. (Proc.
I.R.E., Jan. 1943, Vol. 31, No. 1, pp. 36-38.)

1811. THE RADIO CORPORATION OF AMERICA [the
Dedication of the Laboratories at Princeton,
N.J. : Scientific Research in War & Peace :
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Role of Research in Modern Industry].-.-
Sarnoff. (Science, 9th Oct. 1942, Vol. 96,
No. 2493, pp. 325-328.)

1812. SUMMARIES OF PAPERS ON, DOCUMENTATION,
MICROFILMS, ETC. [including Use of Special
Lens & Emulsion to reduce about io 000
Book -Pages on to a Single 9 x 12 Plate].-
Frieser & others. (Physik. Berichte, 1st
Oct. 1942, Vol. 23, No. 19, p. 1773.)

1813. " FOHRER DURCH DIE SCHWEIZERISCHE DOKU-
MENTATION " [Guide to Swiss Documenta-
tion : Book Review].- (Bull. de l'Assoc.
Suisse des Elec., 16th Dec. 1942, Vol. 33,
No. 25, p. 754 : in German.)

1814. SCIENCE IN INDUSTRY [Need for More Scien-
tific Workers-Comparison with America].
-(Electrician, 16th April, 1943, Vol. 13o,
No. 3385, p. 405.) Report of speech by Sir
Stafford Cripps.

1815. ON THE TIME NECESSARY FOR THE PERCEP-
TION OF A CONTRAST [in Intensity Range
between 5 x io-5 and 3 'Stilbs : Measure-
ments & Theoretical Deductions].-Deaglio
& Panetti. (Physik. Berichte, 15th Sept.
1942, Vol. 23, No. 18, p. 1735: summary of a
Galileo Ferraris Institute paper.)

1816. THE MEASUREMENT OF VARIABLE STRESSES
BY A STRING METHOD [Extension of Vibrating -
String Principle to Periodic Stress -Varia-
tions (e.g. in Turbo -Generator Foundation) :
Practical Equipment].-Slobadov. (Physik.
Berichte, 15th Sept. 1942, VOL 23, No. i8, -
p. 1727: suminary, of Russian paper.)

1817. AIRCRAFT -ENGINE RADIO SHIELDING [Meas-
ures to Overcome Interference with Aero-
plane Radio Systems due to Spark Ignition].
-Randolph. (Journ. Soc. Automotive Engi-
neers, Dec. 1942, Vol. 5o, No. 12, pp. 538-
541.)

A continuous metal shield surrounds the whole
H.T. and L.T. wiring and makes good contact with
the engine. The resistance of grounding connexions
and joints in the shield must not exceed 0.002 ohms,
anodised surfaces and non-metallic gaskets must be
eliminated, and grounding points must be not more
than 9-18 inches apart. In order to supply ade-
quate electrical insulation inside the shield, and to
minimise effects of moisture, corona, and acid
products of the air in severe aeronautical conditions,
the system may be ventilated with dry air, or the
individual conductors may be embedded in a special
compound. Methods of testing the system are dis-
cussed, together with the effects of fitting damping
resistors at the sparking plugs. A recent develop-
ment is the use of a low -voltage distribution to
individual sparking coils located at or near the spark-
ing plugs.
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A GRADE

FOR ANY AND EVERY

;CLIMATIC CONDITION

HAmoFIL
CONNECTING WIRES

An insulated connecting wire for the internal
wiring of Electrical and Radio apparatus.
Single and stranded core. For Government
'contracts rubber insulation supplied, otherwise

cotton insulation (Push -back Wire).

SLEEV1NGS
Available in Varnished Cotton, Varnished Silk
and Rolled Silk. Approved to Government

specifications. All sizes and colours.

Apply for samples and prices.

HAMMANS
INDUSTRIES LIMITED
5, REGENT PARADE, BRIGHTON RD.,
SUTTON, SURREY. Tel. Vigilant 0033.

ELECTRO-MEDICAL EQUIPMENT

Ti
DRAWING OFFICE EQUIPMENT

SPECTROGRAPH
ANALYSIS EQUIPMENT

H.F. ELECTRIC FURNACES

Interference created by above is sup-
pressed by H.F. mains filters and screened
rooms.
We supply screened rooms of any
dimensions and H.F. mains filters 15

and 300 amperes maximum loadings.

A

AERIAL SYSTEMS
DESIGNED & INSTALLED

A Typical H.F. Filter.

BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD, ENFIELD. MIDDX

or 8796



WIRELESS
ENGINEER

June, 1943

THERE IS NO SUBSTITUTE
FOR

ENGINEERING EXPERIENCE

And this is obviously a matter of extent, intensity and time.

Take Electrical condensers for instance-simple in conception maybe

-but demanding infinite experience and skill, to satisfy the exacting

operating conditions of modern requirements. The fulfilment of

these has meant the whole time occupation of highly skilled specialists,

working at high pressure, in this way to earn, along with their country-

men in other spheres, the right of survival.

What a wealth of experience and technical excellence will be available

to all, when happier times arrive ; and nowhere more than in

Dubilier Condensers.

DUBILIER
CONDENSER CO (19251 LTD

DC I
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