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PROGRESS in MAGNETIC
POWDER METALLURGY

ALL
N.F. ALLOY POW
is now used for practically all radio cores being
manufactured in this country. It is an all -British
Product, the result of extensive research and
development work carried out during the last 15

years.

The use of a finely divided alloy of high magnetic quality
represents a further advance in the science of Magnetic
Powder metallurgy in comparison with all the various
grades of iron powder, most of which previously have
been imported.

MAIN ADVANTAGES
O Higher permeability.
@ Higher particle specific resistance.
Ig) Lower eddy current loss.
 Non -rusting.

SALFORD ELECTRI INSTRU ENTS TD.
PEEL WORKS, SALFORD, 3. Telephones : BLAckfriars 6688 (6 lines). Telegrams and Cables " Sparkless, Manchester "

PROPRIETORS: THE GENERAL ELECTRIC Co. Ltd., OF ENGLAND
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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-Outputvoltages are independent of load, up to the full load rating
of the VARIAC.

 H IGH 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-VARIACS are supplied with reversible dials which read directly in output

voltage from zero to line voltage or from zero to 15% above line.
 SMALL TEMPERATURE RISE-Lees 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
from 170 watts to 7 kw ; prices range between 70/- and
£32 : 10 : 0. Instant deliveries can be arranged on 1A
Priority.

* Trade name VARIAC is registered No.
580,454 at The Patent Office. VARIACS
are patented under British Patent 439,567
issued to General Radio Company.

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

Ill H11 [I EA kill
LTD

ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.

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

180, Tottenham Court Road, London, W.I, and 76, Oldhall Street, Liverpool, 3, Lancs
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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 All stages checked by mllli-
Harmonic distortion. ammeter.

2-5r dia. Nickel Dials with
slow motion.

4 Output Impedances selected
by switch.

Multi -range Rectifier Output
meter.

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.

1101200'250 volts, 50 cycles.

E67-10-0.
Model L0800.

BIRMINGHAM SOUND REPRODUCERS LTD.,
CLAREMONT WORKS, OLD HILL, STAFFS. 'Phone : Cradley Heath 6212/3.

I

'Grams : Electronic, Old Hill.

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.

Descriptive booklet available.

SILENCE
SECURITYSIMPLICITY

SILENTBLOC
NO VIBRATION

LUBRICATION
CM WEAR

Telephone : PARK 9821

SILENTBLOC LTD., Victoria Gdns., Ladbroke Road, Notting Hill Gate, W.11
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Medal of Honor

won in the battle

of production

frfs*
EITEL-McCULLOUGH, INC.

Son Bruno. California, U. S A.
1,3ori g&.

1.111 & CO. 110 101 CI, Sr. Son F,..,,,,. Cold U A
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CONSTANT VOLTAGE
TRANSFORMERS

February, 1943

kffitimikAitmem9

A go k.11 "  IL IL k A
BACK ROAD, SHERNHALL STREET, WALTHAMSTOW LONDON. E.I7 Tel: LARkswood 4366 7

BOONTON
MODEL 170-A Q -METER

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.

SOLE AUTHORIZED BRITISH AGENTS

A&HRadio Ltd
Buchanan Buildings, 24, Holborn, London, E C.1
'Phone. Ho/born 7394 Grams Tunysol Smith London

-tali& in

MIDGET
VALVES
HIVAC LIMITED
Greenhill Crescent,

Telephone: Harrow 080 Harrow on the Hill. M iddx.
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Electrical Standards for
Research and Industry
Testing and Measuring Apparatus
for Communication Engineering

BRIDGES Capacitance
inductance
Resistance

RESISTANCES

INDUCTANCES

CONDENSERS

OSCILLATORS

WA VEMETERS

ALL TYPES-ALL FREQUENCIES-ALL ACCURACIES

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

Tel. New Cross 3225 (Private Branch Exchange)

The finest cored Solder in the world which is speeding up and increasing the efficiency of the
War Effort. Firms engaged on Government Contracts are invited to write for free samples.

MULTICORE SOLDERS LIMITED, BUSH HOUSE, W.C.2. 'Phone Temp.Bar5583/4
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It was just a
coil of wire . . .

now it is an inductance coil
which has to meet the stern
demands of a communication

system that goes on day and
night. One more example of
Rediffusion products used in
Redi ffusion communication

equipment.

REDIFFUSION...
A subsidiary of BROADCAST RELAY SERVICE LIMITED

DESIGNERS AND MANUFACTURER'S
OF COMMUNICATION EQUIPMENT

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

sVISKRINGS'i 5 POINTERS

NO

TOOLS

REQUIRED

SELF

FIXING BY

SHRINKAGE

ONLY

" 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.

einem bee NO TOOLS ARS
REQUIRED FOR FIXING

IVISKRINGS

to SWIFT
CABLE MARKING

IMPERISHABLE,

IMPERVIOUS TO

-1;74 OILS AND

PETROLEUM

O INDELIBLY

4 PRINTED AND

DO NOT INCREASE

DIAMETER OF

CABLE

I
CABLE MARKERS

VISCOSE DEVELOPMENT CO. LTD.
Woldham Road, Bromley, Kent. 'Phone : Ravensbourne 2641

MICROTUBE VALVES
TYPES 3401,3402

41

x) TYPE 3403

I' .6Z511

FIL. ZomA.

30v

Dimensions I6" x r Dia.

UNUSUALLY SMALL SIZE
 Low H.T. currents

LOWEST FILAMENT
CURRENTS

 Sharp knee in characteristics

LINEAR AT LOW ANODE
VOLTAGE

 Standard tetrodes and triodes

SPECIAL DIODE -TRIODES &
SCREEN GRID VALVES

TO ORDER
 Prompt delivery from

manufacturers (U.S.A.)

MICROTUBE
LABORATORIES

 The pioneers of Sub -midget valves

Available for prompt delivery ex
U.S.A. against good priorities.

ELECTRONIC ENGINEERING SERVICES LTD.
24 STANLEY RD., HEATON MOOR, STOCKPORT.

Telephone: HEATON MOOR 31E7.
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ELECTRO-MEDICAL EQUIPMENT

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.

AERIAL SYSTEMS
DESIGNED & INSTALLED

A Typical H.F. Filter.

BELLING & LEE LTD
CAMBRIDGE ARTERIAL ROAD. ENFIELD, MID DX

0 .P. 0879

TENSION
0

'TENSION

r
Made to Specification and to
Approved Grades (A.I.D., Air Ministry,

War Office and Admiralty). Samples

and prices gladly sent on request.

HAMMANS
INDUSTRIES LTD.

Write also for details of " Delaron

Laminated Material, and our interesting

new development, the printing of wiring
diagrams, instructions, etc.,on -Delaron".

5, Regent Parade, Brighton Rd.,
Sutton, Surrey. VIGilant 4472
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"B.A.T." Double
Pole Double
Throw No. 6728.

" B.A.T." 2 -way
Double -ended
Switch No. 729.

"B.A.T." 75o
Watt Q.M.B.
Switch No. 728.

New No. OT -6A
6 Amps. @ 250
rolls.

OF HIGHEST
QUALITY

The pioneers of the Q.M.B.
switch in this country present
a small selection from their
wide range of switches . . . of
which millions have already
been supplied. Spot or early
delivery on IA Priority
Ct. Nos.
Your enquiries will receive
immediate attention.

ELECTRICAL AND RADIO LABORATORY APPARATUS ETC.

i8o TOTTENHAM COURT ROAD, LONDON, W.r
and 76 Oldhall Street, Liverpool, 3, Lams

As soon as the war is won
we hope to offer our usual
" DAINITE " Service for
Moulded Rubber Parts. In

the meantime, enquiries
for permitted essential lines
will receive ever/ attention. THE HARBORO' RUBBER CO. LTD.

MARKET MAROOROUGM.

\ )Ct$

to a
0.1

o
o

1MAAil1Atis

RECEIVERS

TRANSMITTERS

POWER PACKS
for priority conirocls on/y

OPEN
TRANSFORMER CO.

Thornley Street, Wolverhampton Tel : Wolverhampton 22829

fur //Ism/a/16w ,

rs the basic ,en' ci,:ae of

COcark LOW LOSS

CABLES

llizegmalledh"Myedies
There Ira CO-Airavekrereryiff.Popase

TRANSRADID LTD. Inc.TELEQUIPMENT CO. 16 HIGH WAYBEACONSFIELD
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PRECISION
TESTING INSTRUMENTS

The world-wide use of "AVO" Instru-
ments is striking testimony to their
outstanding versatility, precision and
reliability. In every sphere of electrical
test work they are appreciated for their
dependable accuracy, which is often
used as a standard by which other
instruments are judged.
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.

Sot' Proprie fors and ilantifachirers

THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD.,

The MODEL 7 46 -Range Universal

AVOMETER
Electrical Measuring Instrument

A self-contained, precision moving -coil instrument, conforming to
B.S. ist Grade accuracy requirements. Has 46 ranges, providing
for measuring A.C. & D.C. volts, A.C. & D.C. amperes, resistance,
capacity, audio -frequency power output and decibels. Direct
readings. No external shunts or series resistances. Provided with
automatic compensation for errors arising from variations in
temperature, and is protected by an automatic cut-out against
damage through overload.

(k9

Winder House, Douglas Street, London, S.W.1. 'Phone: VICtoria 3404-7

===........._wzriminvmaramireemrappomm.rintrrelp .-.: . ., -..

------s\triV-
eimmegiopf (44.0.v.,.............,...

.- 37,,.. ":"..... -------
rratOw.";

AMP.
14~411111114...---
PASOMP".71,100....."-

WHEN THE FLOOD OF WAR HAS
SUBSIDED .

the bird of Peace will bring with At the,demaTicl-for products to assist in the enjoyment

of freedom and security. Goodmr s Industries then, as in re -war days, will be able to/ %
7/ \\\ "//

concentrate on "The Attainment of an Ideal "-the perfect reprodmiion of sound.
\\Nx \

In,the meantime the whole of our design and roduction of the

best possible acoustic apparatus.

The best of today will in turn lea td something better still in the future, i rhich Goodmansramsatmrdev7 t\\\\ ))1)

Industries will maintain their r p\titation for establishing MIArds f/design for high

fidelity sound reproducers.

GOODMANS INDUSTRIES LIMITED 4( LANCELOT ROAD * WEMBLEY* MIDDX.
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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
The

UNITED INSULATOR C? LTD 0'1./04
12 - 20 LAYSTALL STREET, LON DON, E.C.1 I AhAP,
Phone: TER minus 7383 Gr-rrms. Cala nel, Phone. London

MODEL 160A FOR MIAS
30 AND ZOO

a.MODEL 170A FOKC R

0440 75
MEASUREMENTS

MEGAC
AT

YCLES
FREQUENCIES

I

MODEL 110A FOR
4 ONE ODP

PROUCTIERATIONON CHECKING Of Q AN03. OE

LELAND
INSTRUMENTS LTD

21 JOHN STREET. BEDFORD ROVI.LONDON W.C.1 TELEPHONE CHANCERY 8765

(7o40-,egrenle 1300itt0/2  BallanfiireHew/eff-PacAaA

401

"omml_ ARCM DEPT. FOR WIRELESS BOOKS.FOYLES
FINEST STOCK IN THE WORLD OF NEW AND
SECONDHAND BOOKS ON EVERY SUBJECT.
Catalogues Free. Books Bought.
119-125, CHARING CROSS ROAD, LONDON, W.C.2.
Tel.: GERrard .5660 (16 lines). Open 9 a.m.-6 p.m., including Saturday.

ESSLERS (London)13
Machining and Turning of Plastic Material.

Signal Lamp Caps, Screw -cutting in Bakelised Fabric.
ALBION HOUSE, 201-3, CHURCH STREET,

LONDON, N.16.
Tel. Clisaold 6247

Your

enquiries

are

invited.

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

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

\TANNOV
Specialists in Sound Amplifying Equipment, Microphones,'

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

TANNOY PRODUCTS (Guy:R. Fountain Ltd.) W.NORWOOD, S.E.27
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PriFO8MAATCA7

BERYLLIUM

COPPER
Cu Be 250

The Reif "wider

alloiforiaoio
and electrical
components

SPRINGS DIAPHRAGMS

FUSE CLIPS  PLUG BOARD

CONTACTSVALVE PARTS
SWITCH PARTS

BUSHINGS  CAMS  ETC.

MELCON Beryllium -Copper Alloy combines
properties of paramount importance to

the radio and electrical industries unobtainable
in any other single metal. It is non-magnetic,
has a hardness up to 400 Brinell, exceptionally
high tensile strength, elastic limit, and con-
ductivity, and offers amazing resistance to

fatigue. Pliable and ductile in the softened
condition, it can be fashioned into the

most intricate shapes and worked to the

finest limits. Available as wire, strip and rod.

Full details on application

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.VV.I Tel.: ABBey 6259

a I

The Dawn of
better days

Whatever new worlds may be planned,
Radio will be more popular and more
progressive than ever when the last
gun has fired and the last bomb has
dropped.

We can confidently promise to resume
our service to the trade with efficiency
at least equal to pre-war days and with
more zealous optimism.

fRADE ARK

The

Home of Condensers
Established 1901.

Advt. of A. H. HUNT, LTD., London, S.W.18.
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VARIABLE AIR CONDENSER

TYPE A-430
Our Type A-430 Variable -Air Con-
densers have been standardised for
many high-grade instruments, par-
ticularly when reasonable size and
cost are important factors. Rugged
construction, smooth even control and
excellent electrical characteristics are
reasons why these condensers are
selected.
Type A-430 Condensers are supplied
in metal boxes for bench use, or with
cylindrical brass covers for panel
mounting.
Bulletin B -236-B, giving full partic-
ulars of these instruments, will be
supplied on request. SPECIFICATION

---1MUIRHEAD & CO. LTD., ELMERS END,
BECKENHAM, KENT.
TELEPHONE : BECKENHAM 0041-0042MUIRHEAD

FOR OVER 60 YEARS DESIGNERS & MAKERS OF PRECISION INSTRUMENTS

Main Casting. Gun Metal Vanes. Brass

Insulation. Frequentite Bearing. Large single
Drive. Direct, or 50: I reduction- 'cone

41" silvered scale
Sizes. From 100 uu F. to 1000 µµ F.

C.R.C.33

MOULDED TODAY

ARE THE DESTINIES OF TOMORROW . . .

Upon the shape of events to -day, and every day, depend the fortunes of the future.
Through to -day's endeavour in research and industry already are discerned new and
greater benefits for the coming era.

The name Marconi, since the earliest days of Radio, stands foremost in the field
of communication; and Marconi Instruments Ltd., in the specialised work of instrument
production, maintain this pride of place.

Over the horizon we see a golden age for scientist and technician. As always
to the fore-but in who knows what new guise ?-will be the name Marconi;
-accuracy and reliability, then as now, the standard by which we judge ourselves.
Meanwhile, we concentrate on the business of to -day and endeavour to meet
fully all requirements.

COMMUNICATION TESTING EQUIPMENT INDUSTRIAL, MEDICAL AND LABORATORY APPARATUS

MARCONI INSTRUMENTS LIMITED
ST. ALBANS HERTS - Phone 4323
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Editorial
Optimum Conditions

IT is generally known that in a Class A
amplifier, that is, an amplifier operating
in such a way that the grid voltage never

goes beyond the cut-off point, and in which,
therefore, a sinusoidal grid -voltage produces
an approximately sinusoidal variation of
the anode current, the greatest amount of
power is supplied to the load - assumed
purely resistive-when the resistance R of
the load is made equal to the slope resistance
ra of the valve. This assumes that the a.c.
grid voltage is fixed, and that the character-
istic curves are linear. It is also generally
known that if more practical assumptions
are made, viz., that the amplitude of the
a.c. grid voltage is only limited by the
conditions (1) that it should never cause the
voltage on the grid to become positive, and
(2) that the anode current should never fall
below a certain minimum value, maximum
power is obtained' by making R equal to 2r,
The object of the two conditions, is to limit
distortion ; it can be seen from Fig. r that
by fixing a minimum anode current, the
load -line is limited more or less to the region
in which the characteristics are approxi-
mately parallel straight lines. It is assumed,
moreover, that the quiescent anode voltage
Vao is fixed and that the grid -bias and the
H.T. supply voltage are adjusted to bring
the quiescent point exactly to the middle
of the load line AA', for it is only then that
the anode current oscillates between the
two limiting conditions. In Fig. i cotan
cc = ra and cotan = R ; so long as R is

in Class A Amplifiers
fixed at 2ra, the load -line must be paralled to
AA' and its operative mid -point must lie
on the dotted line pp' ; if R were made
equal to 3ra the load line would be parallel to
AA" and its operative mid -point would lie
on the dotted line pp".

a

10

Va Va Va
MIN. 0 MAX.

Fig. i.

ANODE VOLTS

In Fig. 2 it is assumed that the quiescent
anode voltage Vao is fixed, and the load -
lines are drawn for three different values of
R, the H.T. supply voltage and the grid -
bias being suitably adjusted in each case
to bring the operative mid -point of the load -
line on to the vertical qr. The a.c. power
supplied to the load is proportional to the
product Oi i.e. to qs x qu or to qs x st which
is equal to (pq - ps)st. Since ps/st = ra,

this may be written r- (pq x ps - ps2),
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and to find the condition for this to have its
maximum value, we differentiate it with
reference to ps and equate to zero. This
gives pq = 2ps ; hence ps = sq and R = 2ra
as stated above.

Fig. 2.

The line pp' on which the mid -point of
the operative load -line for a given value of
R must lie makes an angle y with the horizon-
tal such that

qu st/2tan y =
ps sq st .7, ± Si . R/2 2ra R

In a recent paper W.B. Nottingham* draws
attention to another case in which, instead
of specifying the quiescent anode voltage,
the quiescent anode dissipation is specified.
This must, of course, never exceed a certain
value because of the danger of overheating
the anode and damaging the valve. The
question is, what value R should have in
order that the power output may be a
maximum without exceeding the specified
maximum quiescent anode dissipation Pam.
Since Pa = V a, 1,, if the maximum value
Pam is specified, the maximum value of /0
must be inversely proportional to Vao, as
shown by the hyperbolic curve Pam in Fig. 1.
This curve is the upper limit of the mid-
point of the operative load -line.

In the case already considered, in which
we found the optimum value of R to be 2ra,
it may be found that this is impracticable,
for making R = 2ra may give an anode
dissipation greater than Pam if V has been
chosen at too high a value. If this be the
case, R must be increased, as can be seen

P°'".from Fig. 2, until /0 is reduced to P-.
Vao

The correct value of R can be calculated
from the formula

* Proc. I.R.E., December 1941, p. 62o.

February, 1943

R Vao - Vamin V - (2/ - Liu) - c
/0 - /mu, I-I,

(A)

The correctness of this can readily be seen
from Fig. I.

To find the largest value that Va0 can be
given if R = 2ra, without the quiescent
dissipation exceeding Pam, it is only necessary
to drop a perpendicular from the point at
which pp' intersects the Pam hyperbola,
since, as we have already seen, if R = 2ra,
the quiescent point, i.e. the mid -point of
any operative load -line parallel to AA' must
lie on pp'. This is shown in Fig. 3, in which
qu = Io - Imm, st = 2qu = 2(Io- I,,°) and
therefore ps = 2Ya - Vaa is made
up of the two small portions 6 and rai
near the origin, and pq =2ps =Ltra(/, - Lin).

Putting /0 = Pam we have
1700

PVao = e + raImh, + 4ra ( Tiam -I)
rao

or V2ao - Vao (e - 3ra Iwo) = zir a Pam
and therefore

Vao = k [ (c - 3ra Irma)
,%/I6r, Pam + (e - 3ra imi) 2]

If in Fig. 3, as an approximation, V a, is
taken as being equal to pq and /,, to qu,
then

Pamst = 21, and 1700 = 2ps = 4r0 /o =4r0 Vaa .

Hence Vao = 2 ra Pam is approximately
the highest permissible quiescent anode
voltage if R = 2ra.

If a higher value of Van is permissible
without endangering the valve, then the
power output may be still further increased
by using a higher value of R. This means
sliding the mid -point u to the right along
the Pam curve (see Fig. 3) and thus reducing
la; the value of R can then be determined
by the formula (A) found above. There is,
however, a limit to the increase of power
even if the valve is not endangered by the
increase of Vac,. The optimum value of R
under these conditions can be determined
graphically or by trial and error, but as
can be seen from Fig. 5 it is of little import-
ance, since the output varies very slightly
for large changes in R, and the necessary
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value of Vao is probably far above the
permissible limit.

In the paper referred to, the calculations
are carried out for an actual valve with the
following constants :-

Pan, = ioo watts ; ?a = 1,700 ohms ; Vao
should not exceed 1,250 volts ; µ = 5.3
E = 85 volts ; /min = 10 mA (estimated).

The.  characteristic for V =o and the
hyperbola for Pam = ioo watts are plotted
in. Fig. 4 ; the horizontal through Da mA
fixes the lower limit of the anode current.
The lines ppi, pp2, pp3 and pp4 are drawn at
angles y corresponding to four different
values of R viz. R = ra, R = 2Ya, R = 7.65ra
and R = 24.47a. They cut the hyperbola
at the points u1, u2, u3 and u4, which are
therefore the quiescent points and the mid-
points of the four operative load -lines which
are shown in the Figure. The corresponding
values of Vao and I° can be read off the
scales and the power outputs calculated by
the formula

0.5 (1°- I,)2R.
For R = ra, Vao = 740 volts, -= 135 mA

and the output 13.3 watts. On increasing
R to 2ra we have Vao = 840 volts,

mA PAM

250
Pi

/ P2/
/ //

200 /
/ /

150 /
/

/

I
100

50

0

V .0

U2

U

1,000

Va

Fig. 4.

1)3

U

2,000 VOLTS

P4

--- PAM

/, = 119 mA, and the output goes up to
20 watts. The approximate formula that
we found for the maximum permissible value
of Vao with R = 2ra gives

2 raPans = 2 1/I,700 X 100 = 825 volts.
The point u3 corresponds to the limiting

value of the quiescent anode voltage recom-
mended by the makers, viz., 1,250 volts ;
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/0 is therefore 8o mA, and R is found by
formula A to be 7.65ra. The output is thus
increased to 31.9 watts. By ignoring the
limit set by the makers and increasing Vao
to 1,950 volts, we have u4 as the quiescent
point ; Io = 51 mA and R must be increased
to 41,500 ohms, that is, 24.4ra. The output
under these extreme conditions is 35:3 watts.

40

35

30

25

Ei 20

15

10

5

0 12 I0 20 30

R
ra

Fig. 5.

In Fig. 5 the output is plotted against the
value of R/ra. In all these cases it would be
necessary to adjust carefully the grid bias
to obtain the value of I, corresponding to
the value of Vao.

We thus see that in this actual example
it is possible without exceeding the limits
set by the makers to increase the output
more than 5o per cent. by making R equal
to 7.65ra instead of 2ra.

G. W. O. H.

New Year Honours
AMONG the few names of prominent

figures in the world of wireless which
appeared in the New Year Honours

List were Dr. C. Dannatt, head of a section
of the Research Department of Metropolitan -
Vickers, and C. 0. Stanley, managing director
of Pye, who were appointed Officers of the
Order of the British Empire.

Among those appointed Members of the
Order of the British Empire were E. C. S.
Megaw, scientific officer in the G.E.C. Re-
search Laboratories, who is a frequent con-
tributor to this journal; D. C. Birkinshaw,
engineer -in -charge of the B.B.C. station at
Daventry ; A. L. Chilcot, chief engineer of
the Electronics Department of Ferranti, and
T. W. Morgan, works manager of Marconi's.
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High -Frequency Resistance of Plated
Conductors*

By R. Faraday Proctor, M.Sc., A.M.LE.E.
(Communication from the Staff of the Research Laboratories of The General Electric Company, Limited, England)

SUMMARY. - Schelkunoffl has derived an expression for the H.F. impedance of a
laminated, or plated conductor, in terms of the surface and transfer impedances of its con-
stituent layers. (For the definition of these see sections 2 and 3). His expression lends
itself to numerical calculations as the various impedances can be readily evaluated with the
aid of tables. It also has the advantage of being easily applied to conductors having any
number of layers of plating.

In section 2 it is shown how Schelkunoff's expression may be derived, in the case of plane
conductors, from the normal uniform line equations, by a simple ettension of the method
proposed by Howe' for calculating the skin resistance of plain conductors,.

In section 3 the results are extended to cover conductors of any arbitrary
cross-section.

In section 4 expressions are derived for the surface and transfer impedances of hollow
cylinders and the surface impedance of solid cylinders or rods. Tables (I and II) have been
prepared enabling the surface impedance of a cylindrical, or plane, plated conductor to be
readily calculated from equation 15 and the appropriate equations of sections 4(a)
and 4(b).

In section 5(a) curves are given of the surface impedance of plane plated conductors
composed of tinned copper, copper -plated iron, and nickel -plated copper. Section 5(b)
indicates the results which may be expected from the use of copper -plated iron conductors
as a means of equalising the attenuation of a co -axial cable over a wide band of frequencies.

1. Introduction
AKNOWLEDGE of the H.F. resistance

of plated or laminated conductors is
of considerable interest to the com-

munication engineer. At very high fre-
quencies, where the penetration depth of
the current is small compared with the
thickness of the plating, the problem reduces
to that of a plain solid conductor composed
of the same metal as the plating. At lower
frequencies where the current penetration
is such that it flows partly in the plating
and partly in the underlying metal, the
problem becomes considerably more com-
plicated. The solution of this case is given
in a paper by Schelkunoffl in which he
derives an expression for the H.F. impedance
of a laminated conductor consisting of n
layers. Unfortunately this paper has not

* MS accepted by the Editor, August, 2942.

been given the attention it deserves by
engineers in general owing to its somewhat
advanced mathematical nature. The prob-
lem of plane plated conductors may,
however, be readily undertaken by means
of the normal line equations with which
telephone and radio engineers are familiar,
by an extension of the method described
by Howe2 for the derivation of the H.F.
resistance of plain conductors. This ap-
proach to the problem has the advantage
of bringing out clearly the physical signif-
icance of the equations obtained in the more
involved case of cylindrical conductors.

2. Plane Conductors
Following Howe, consider the case in

which the outward and return leads of a
transmission line consist of two very wide
conducting strips as shown in Fig. i. In the
case of perfect conductors no potential
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differences can exist in the conductors and
the electric field intensity in the dielectric
is solely in the direction AB. The magnetic
field is in the direction perpendicular to
the plane of the paper, and the energy is
propagated through the dielectric in the
plane of the paper, in the direction CD as
indicated by Poynting's Theorem, the two
conductors merely acting as guides. In the
case of imperfect conductors, however,
potential differences are produced in the
metallic conductors in the direction CD due
to the currents flowing in them. These
cause a flow of electro-magnetic energy into
the conductor, in the direction AB, with
a corresponding reduction of the energy
propagated in the direction CD.

Ip t

Fig. x.

We are not now concerned with the
transmission of power along the conductors
but only with the transmission of power
into the conductors, from the outer surface,
required to supply the losses in the con-
ductors. It is only necessary to consider
the transmission of energy through a square
of one cm. side in the surface of the .con-
ductor and along the square column of
material of which this forms the base.
Let this represent a transmission line in
which the two opposite faces P, Q, are
assumed to be two resistanceless conductors
and the material of the plate is the di-
electric.

If the intrinsic permeability IA, of free
space is taken as 41r x io-9 the inductance
per cm. length of this fictitious transmission
line will be p. henrys per cm. where p. is the
intrinsic permeability of the conductor.
The magnetic permeability of the material
in its usually accepted sense will then be
144o.
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The conductance per unit length, G, will
be i/p where p is the specific resistance of
the material of the conductor. Since the
conductance per unit length is enormous
in comparison with the susceptance, the
capacitance per unit length may be safely
neglected for simplicity.

Let Vb, lb be the voltage and current at
the sending end of the transmission line, and
let Va, la be the voltage and current at the
receiving end. Also let Z, be the char-
acteristic impedance and let y = a + j13 be
the propagation constant. Then

Vb = V, cosh y/ Zola sinh yl . . (i)

I b = Va/Z° sinh yl + la cosh yl .. (2)

where 1 is the length of the line

R jtoL bow
G+jwC V G (1 +v

(3)

y = a j f3 =-(R 2 co L)(G j toC)

= tyw p.G --= (i + j) N/w116
2

(4Y

If the adjoining column, say the next
column above is considered, an exactly
similar set of equations is obtained and the
fictitious line currents flowing in the adjacent
surfaces would be equal and opposite and
would hence cancel out. The assumed
resistanceless surfaces of the fictitious trans-
mission line may thus be removed without
affecting the results. This assumes that
there is no phase change in the direction of
the main current and power transmission,
which while not strictly true is sufficiently
accurate for the case in hand. The leakage
currents of the fictitious transmission line
are the actual currents in the main trans-
mission line.

From the above it will be readily seen
that the H.F. impedance, or surface im-
pedance as Schelkunoff calls it, of the con-
ductors of the main transmission line per
sq. cm. is given by the input impedance of
the fictitious transmission line.

Assume that the fictitious transmission
line is terminated by an impedance Zr, such
as would be the case where one material is
plated with another. The sending end



impedance zbb would then be given by

V b cosh y/ + Zo sinh.y/
z bb = Tb= L' 0 Zr sinh yl + Zo cosh y/

(5)

Zr sinh yl
Zo sinh2 yl

cosh yl
= Zo coth yl

Z r sinh yl Zo cosh yl

WIRELESS
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Substituting for Zo from 3 gives

Rbb jwLbb = ..1)\ (s4, coth(a, /AI
2LT
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/u,µ sinh 2oc/ -j sin 2fi/
2G cosh 2oc/ - cos 2/3/

Zr sinh yl Z °cosh yl - Zr sinh yl
Z, sinh2 yl

cosh yl= Zo coth yl [I
Zr sinh yl Z , cosh yl

Z cosh2 yl -Z sinh2 yl= Zo coth yl -Z coth y/ [ cosh yl(Z r sinh yl Zo cosh yl)

Z, coth 7/-Zoe cosh
sinh yl [cosh yl(Z r sinh yl Zo cosh yl)]

1
Zbb = Z 0 coth y/

Z 2

[sinh y/ J Zr + Zo coth yl

Zo coth yl is the open circuit impedance
of the fictitious transmission line, that is,
the surface impedance Zbb of the outer layer
of the composite conductor in the case of
energy flowing into the layer in the direction
B to A, Zr is the surface impedance of the
inner layer.

Putting ./a = o in equation 2 gives

= Zo
17 a sinh yl I b

thus
sinh

°
yl

is the mutual, or transfer im-

pedance Zig, in the direction B to A.

Equation 6 thus becomes

7 [Zba]2
Zbb = bb Zaa Zr

Zaa is the open circuit impedance of the
fictitious transmission line looking in at the
receiving end, that is the surface impedance
of the outer layer with reference to energy
flowing into the layer in the direction A to
B. The reason for writing Zaa in the
denominator of equation 7 instead of Zbb
will be readily seen when the general case is
considered. In the case of plane conductors
Zbb = Zaa.

The surface and transfer impedances may
be expressed in terms of the electrical con-
stants of the materials as follows.

Zbb = Rbb iwLbb = Zo coth (cc+ jf3)1

Rba = 2

coLoa =- wia2\/--
2G cosh u - cos u

. . (II)

whence

coµ sinh u + sin u
Rbb = 2G cosh u - cos u

coLbb =
sinh u - sin u

2G cosh u - cos u (9)

where u = 2a1 = 2131 = 11/ 2wµG (see equa-
tion 4).

Zo
Zba = sinh (cc + 0)1

Zo
= sinh cc/ cos 13/ + j cosh al sin 8l

= (1 j)

sinh cc/ cos 131 -j cosh cc/ sin 131
sinh2 cc/ cos2i3/ + cosh2 cc/ sine /II

u u u u

1/"
sinh - cos -+ cosh - sin -

2 2
2G Cosh U - cos u2

(I0)

- sinh 1! cos 1! - cosh LI sin
2 2 2 2

(8)

3. General Case, Conductors of any Shape
Equation 7 may be extended to cover the

case of conductors of any arbitrary cross
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section as follows :- Consider the
terminal network of Fig. 2 and let

Vb = AV a + BIa

Ib = CVa ± DIa
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four

(I2)

(r3)

Further, let the impedance connected
across the receiving end be Zr, then

Va=ZrIa
Proceeding as before, the sending end

impedance is given by
Vb AZ,. + B

Zbb

Zbb

_-

I b CZ,. + D .

ArZr+ BIA1
C [Zr+

=A r_ Z,.+DIC-Z,.-BIA]
cL Zr Dic

A C
- B) r/CAD

C Z,.+ DIC
A/C is the open circuit impedance Zbb

of the network looking in from the left-
hand end and D/C is the open circuit im-
pedance Zaa of the network looking in from
the right-hand end.

The transfer impedance from left to right
is Zba = r/C and that from right to left
Zab = IIC(AD - BC)

But by the reciprocity theorem Zab = Zba.
Therefore AD - BC = i.
Hence equation 14 becomes

[Zba?
Zbb = Zbb z _L 7 (15)

aa

As a simple illustration of equation 15,
consider a transformer feeding a load Zr.

VbIb Va is LIZr

(14)

Fig. 2.

Let R1 and L1 be the resistance and induct-
ance of the primary winding and let R2 and
L, be the corresponding values for the
secondary. Also let M be the mutual
coupling. Then Zbb = R, + jw.L,

Zaa = R2+ jwL2; Zba = jwM.
The input impedance of the transformer
under load conditions is, from 15,

[jwM]2
Zbb = Ri R2 + Ze.
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Equations 7 and 15 may be readily ex-
tended to the case of a conductor consisting
of many layers, since the equation still holds
if Zr is itself the surface impedance of a
number of layers.

4. Cylindrical Conductors (Tubes and Rods)

A case of particular interest to the com-
munication engineer is that of cylindrical
conductors. In this case the normal equa-
tions for a uniform line do not apply since
the constants of the fictitious transmission
line vary with the radius. The appropriate
line equations, required for the evaluation
of the surface and transfer impedances, may
however be readily derived as follows.

Consider the section of an infinite hollow
metallic cylinder contained between two
planes one cm. apart, see Fig. 3. Let this
represent a transmission line in which
current flows inward towards the axis over
the surface AB and returns along the surface
CD. At radius r the intrinsic inductance
per cm. length of this transmission line will
be p./zirr henrys per cm. The leakage, or
conductance, per unit length will be zirrg
where r/g is the specific resistance of the
conductor in ohms per cm. cube. Then
neglecting, as before, the capacitance per
unit length compared with the leakance

dV =jwµ
dr 2irr
dl

= 2irrgV
dr

Differentiating (i6) gives
d2V Cap dl wµ
dr2 = zirr dr -9 zirr2-

which on substituting for I and
dI- gives
dr

(r6)

(17)

d2V 1 dV
dr2 r dr )wµgV = 0 (r8)

The solution of (i8) is
V = AI 0(crr) + BK0((rr) . . . . (19)

where I0(or) and K0(or) are modified Bessel
Functions of zero order and

02 jCaPg a = 9)N/W2Pg

Differentiating (19) gives

dy

dV = cr[AI,(ar) - BK,(ar)] . . (2I)

(20)
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where I i(ar) and Ki(crr) are modified Bessel Similarly
Functions of the first order. Va = Zba/b - Zaa/a . . . , (31)

Substituting (2I) in (i6) gives
. 27rrI -= -j --a- [AI i(or) - BK,(ar)] (22)

(a) Hollow Cylinders
Let I a be the line current at the inner

radius a and let Ib be its value at the outer
radius b, then

Ia vraa [AI i(aa) - BK,(aa)] (23)
cop.

Ib = j21rba [A Nab) -B K i(ab)] (24)
COIL

Solving (23) and (24) for A and B gives

j Ki(aa)Ib -j K 1(ab) I a

A=
. . (25)

j
21tha

I i(aa)I b -j :+Talk I i(ab)I a
B=

where
= I i(ab)K,(ola) -I i(act)K1(ab)

Substituting for A and B in (i9) gives

Tea =

Vb =

(26)

(27)

Comparing (29) and (3o) gives

Z bb 29.7r. j[I 0(ab)K i(aa) + I i(aa)K dab)]

. . (32)

Zba - 1:4 [K i(ab)I o(ab) + I i(ab)K o(ab)]

(33)

IA

- - -0,- - _
- Va

b

B

Ib

Ib

D

Fig. 3.

And from (28) and (3i)

Zaa - 27racr.4 1(ab)I0(aa) + I i(ab)K 0(aa)]

-j Ki(ab)4(cra)I a + j K (cra)I ((rag b2/raa 27rbcr 1 °

-j
27racr

I i(ab)Ko(aa)I a + j I i(aa)K jaa). b

j K ,(ab) I o(ab)Ia K (cra) I
°
(ab)I

2iraa 2irba b

(34)

.. (28)

j
27racr

ii(o.b)Ko(ab)/a j /1(aa)K0(ab)/b (29)

Expressing Vb in terms of Ia and _lb by
means of the general network equations
(12) and (13) gives

A r AD - BC
I aV b = - b

or

Vb = Z Z obi a

Zaa = 2j7rtabaPo i(aa)Ko(aa) Ki(aa)I 0(aa);

(35)
Making use of the identity

Ki(crr)I o(or) + I 1(07)Ko(or)
ar

(36).. (3o) gives Z ab = Z = 27:ra2Z1



February, 1943

or substituting for g2 from (2o)

Zab -
27rabgzI

The exact formulae (32), (34) and (37) do
not lend themselves readily to numerical
calculations but, as shown by Schelkunoff,
simple approximations can be obtained if
the modified Bessel Functions 0(x), .11(x),
Ko(x), K1(x) are replaced by their asymtotic
expansions retaining only the first few terms.

/0(x) ----
v

/ex27Tx (1 +
8x
--/ . . (38)

K0(x) /-7ff e-K1 - 1)
2X 8x

T1(x) - je (1 83x)
V 27rx

WIRELESS
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2x 8x-e-r(I

(37)

(39)

(40)

(41.)

Substituting the above in (32), (34) and
(36) gives after slight approximation

Rab =
ab 77g

where

7=-
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u u u usink - cos -+ cosh - sin -\/Pf 2 2 2 2

cosh u - cos u
. . (50)

u u u
sinh cos - cosh -ssin-u

2 2

V abV irg cosh u - cos u
. . (5i)

u t V 2a) p.g t = b -a . . (52)

The second term of equations (46) and
(48) represent the first correction for curva-
ture and vanish if the conductors are plane.
In this case the equations (46) to (5i) become
identical with (8) to (ix) when expressed per
unit length of circumference. Although
equations (46) to (51) were derived using
asymtotic expansions which were only valid
when the argument is large, i,e. at high
frequencies, the results are good even at
low frequencies provided the tubular con-
ductor is not too thick.

'If the frequency is very high equations
(46) to (49) become

Zbb -
27rb

[coth a(b - a) + (a + ).1
8o b

(42)
pf -Fa

Rob (53)= +3b
irg I67rgab2

Zaa -n-
Zara

[coth a (b - a) - I I

I)]
8cr(3b m WI'bb = 2b arg

(54)

(43)
3a -F b

. .

(55)

(56)

Zab 21T1/ab cosech a(b - a) N/Tif
(44) 11" 2a 77g 16.aga2b

where . cupn =.1- Q(45) oiLoo = v/
arg

Substituting (2o) and (45)
and (44) and separating
imaginary parts gives

pl(sinh u + sin u\ 3b + a
Rbb Zb 7,gcosh u - cos u) 16irgab2

into (42),
the real

TLf (sinh u - sin u)
toLbb - irg \ cosh u - cos u/

(43)
and

(46)

(47)

I µf(sinh u + sin is\ 3a bR=" 2a ng cosh u - cos u/ i6eaga2b

(48)

wLaa
I\Ft (sinh u - sin it \

2a wg \cosh u - cos (49)

Substituting

Rob  Raa - I Roc' =
I

27rgbt' 2irgat' b 2710/ abt

equations (46) to (51) respectively give

u sinh u sin u
Rbb = Itob[2 cosh u - cos u..1

3b 4- a 3h + a-R . P
167rgab2 167rgab2

(57)

[u sinh u - sin u
bb = 1100 2 cosh U - cos U] -Rob P2

.. (58)
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u sinh u + sin ullc, = Roa[
2 COSII U - cos uJ

3a + b 3a + b-
167,ga2b

- Roa  P1
167rgeb

(59)

[u sinh u - sin ulLaa = .tc =co .1.0a  P2
2 cosh u - cos u.

.. (6o)

sinh U-
2 2 21cos +cosh 14 sin !

2
Rab= Roab[U COSIXU - cos U

= Roab  P3 . . (6i)

. u u u . -- cos - - cosh- sm
2 2 . 2 2

Lab = Roabk
sinh

COSh u. -COS U

= Roab  P4 (62

TABLE I
u

P,
-

P3 P4 .=i1/2401.4g

0 I.000 0.0000 1.000 0.0000
0.3 - - - -0.007550
I.0 1.006 0.1664 0.9951 -0.08311
2.0 1.086 0.6504 0.9254 -0.3176
3.0 1.378 1.340 ' 0.6573 -0.6160
4.0 1.898 2.006 0.2621 -0.6941
5.0 2.523 2.566 -0.08046 -0.5814
6.o 3.003 3.021 -0.2538 -0.3415
7.o 3.510 3.501 -0.2724 -0.1237
8.o 4.002 3.997 -0.2066 +0.01524
9.o 4.500 4.499 -o.ii88 +0.07669

10.0 4.999 5.000 -0.04547 +0.08374

= thickness of tube in cm.
p.= intrinsic, permeability of the material ; that

of empty space being taken as 0.01257 x 10-6
(pr X io-u)

g = specific conductance of the material in mhos
per cm. cube.

To facilitate calculation the terms in-
volving u, viz. P,, P2, P,, P4, are tabulated
in Table I.

(b) Solid Cylinders

For a solid rod the " internal radius " is
zero and equation (i9) reduces

V = AIo(ar) . . (63)

since in this case B = o as the E.M.F. along
the centre of the rod must be finite whereas
Kolar) is infinite when r = o.

Similarly
27rra.I = -
wiz

AI ,(ar)

Hence
V wµZ

bb - = j anha
I o(ab)

II(ab)

February, 1943

. . (64)

. . (65)

where b is the radius of the rod.
Substituting for a from (20) gives

+ I o(ab)
Z bb = 2b irg II(ab)

For large values of ab the modified Bessel
Functions may be replaced by their asym-
totic expansions, see equations (38) and (40).
Substituting these in (66) gives

/if
bb 47rgbs

I µfwzbb

2bv
If the rod is so thin or the frequency so

low, labl<6, that the asymtotic expansions
given above are no longer permissible,
equation (66) has to be used. Equation
(66) can be readily split into its real and
imaginary parts by means of the following
expressions

/0(Vix) = ber x j bei x . . (69)

ber' x j bei' x
ii(1/ix)

where ber x and bei x are the real and im-
aginary parts of ./o(Vix) and ber' x and bei x
are the differential coefficients of ber x and

TABLE II

(66)

.. (67)

.. (68)

. . (70)

v = bA/cupg P5 Pe

0 1.000 0.0000
I.0 1.005 0.1247
2.0 1.078 0.4806
3.0 1.318 0.9508
4.0 1.678 1.373
5.o 2.043 1.811
6.o 2.394 2.093
7.0 2.743 2.451
8.o 3.094 2.809
g.o 3.446 3.165

ro.0 3.799 3.52o

b = radius of rod in cm.
= intrinsic permeability of the material.

g = specific conductance of the material in
mhos per cm. cube.
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bei x respectively. Tables of ber and bei
functions are available to facilitate numerical
calculations.

Substituting (69) and (70) in equation
(66) and replacing hrgb2 by Ro gives

v ber v bei' v- bei v ber' v
Rbb Ro- 

2 (ber' v)2 bei' v)2
= Ro . P5 . . . . (7Z)

v ber v ber' v bei v bei' v
wLbb = Ro - (ber' v)2 (bei' v)2

= Ro P6 . .

where v = b 1/cuµg
(72)

(73)
To facilitate calculation the portion of

the equations involving v, viz. Pb and P6
have been tabulated in Table II.

5. Numerical Examples
(a) Surface impedance of plane plated con-

ductors
Figures 4, 5 and 6 give the surface resistance

and reactance of plane plated conductors con-
sisting of tinned copper, nickel -plated copper

16 105

1.-166 a6A
>f

LIT

1.0 lo
trf

11, ow

Fig. 4. Surface resistance and reactance of
tinned copper conductor.

and copper -plated iron respectively. In each
case it has been assumed that the base
metal is so thick that its surface impedance
is practically independent of the actual

63

thickness. This has enabled the curve to
be plotted in terms of R/V=f and (0././V.7
against tAq (allowing the surface impedance
to be readily evaluated at any frequency
for various thicknesses of plating) where R
is the resistance, and caL the reactance in
ohms per sq. cm. f the frequency in cycles
per sec. and t the thickness of the plating

106 03

--1R 66

_L.

R

01 0 0 00 67

Fig. 5. Surface resistance and reactance of
nickel -plated copper conductor.

in cms. In calculating the curves the
values given in Table III have been taken
for the constants of the materials.

Fig. 5 shows -.that the 'thickness of the
nickel plating must not be greater than that

los

R -7r10
R

105

00 0.1 10

tIl
Fig. 6. Surface resistance and reactance of

copper -plated iron conductor.

TABLE III

Intrinsic
Material permeability Permeability g in mhos per cm.s Specific resistance

au

x io-6 gigs in ohms per cm.a

Copper .. 0.01257 I 5.80o x 106 1.72 x io-6
Tin .. 0.01257 I o.868 X 106 11.5 x io-6
Nickel .. .. 1.257 100 2.43 x Io6 7.o x ro-6
Iron .... 1.257 roo 1.0 X Io5 I0 X IC -5
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value which will make t1/7 equal to 0.2
approximately at the frequency under con-
sideration if it is desired that the surface
resistance of the conductor should not be
more than 5 per cent. above that of pure
copper. For a similar result in the case of
tinned copper tAif must not be greater than
2.5 approximately.

Fig. 7 gives a comparison between the
surface resistance of a plane copper -plated
iron conductor and that. of a plain copper
conductor having a thickness comparable
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Fig. 7. Comparison of surface resistance of
copper -plated iron conductor and thin copper

conductor.'

with the penetration depth of the currents
flowing in the conductor. It is seen that for
values of t1/1 greater than 4 the surface re-
sistances of both conductors are practically
identical. Below this value of tV.7 the
curves diverge owing to the finite surface
impedance of the iron. It is interesting
to note in the case of the copper -plated iron,
and the plain copper, conductors that the
surface resistance is a minimum when
t1/I= z2, its value then being 0.92 of that
for an infinitely thick copper conductor.

The " penetration depth " has frequently
been defined as that depth at which the
magnitude of the H.F. current is (a) lie of
its magnitude at the surface of the conductor ;
(b) the depth at which the H.F. current is

per cent. of its surface value. The values
of penetration depth obtained from these
definitions may be readily compared with
the above thickness for minimum resistance
by means of equation (4). If Ib is the
magnitude of the current at the surface and

its value at a, depth t

/"-gteat = e
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In the case of copper conductors these
become

(a) t1/r- 6.6 tin cm., fin cycles
per sec.

(b) tA/T= 30.4

in comparison with Wr= 12 for minimum
resistance.

(b) Co -axial cables

Jarvis and Fogg' have suggested the use
of copper -plated iron or thin copper con-
ductors as a means of equalising the attenua-
tion of a co -axial cable over a wide band of
frequencies, and as a means of reducing
delay distortion.

Fig. 8 illustrates the use of copper -plated
iron conductors as a means of equalising the
attenuation of a co -axial cable over a wide
frequency band. The overall diameter of
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Fig. 8. Frequency attenuation curves for co-
axial cable composed of copper -plated iron
conductors. Thickness of plating 0.005 cm.
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the inner conductor was taken as 0.32 cm.
and the internal diameter of the outer con-
ductor as 1.15 cm., the thickness of the
plating being taken as 0.005 cm. The full
line gives the frequency attenuation curve
for a cable composed of a plated inner and
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a plated outer conductor, while the dash -
dot line gives the corresponding curve for a
cable having a plated inner but a plain outer
conductor. For comparison the frequency at-
tenuation curve for a similar cable with plain
thick copper conductors is shown dotted.
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Fig. 9.- Frequency attenuation curves for co-
axial cable composed of copper -plated iron
conductors for three thicknesses of plating.

Owing to the greater restriction of the
currents to the surface layers of the plated
conductors, the surface inductance varies
much less with frequency than with a cable
composed of thick copper conductors re-
sulting in a more constant velocity of propa-
gation with a corresponding reduction in the
delay distortion.

Fig. 9 shows the effect of a small change
in the thickness of the plating on the fre-
quency attenuation curve.

Figs. 8 and 9 probably represent about
the maximum degree of equalisation that
can be attained over this frequency range
by the use of copper -plated iron conductors.
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Fig. 1o. Frequency attenuation curves for co-

axial cables composed of thin copper con-
ductors of various thicknesses.

For a higher degree of equalisation it is
necessary to use thin copper conductors,
having a thickness of, say, 0.003 or 0.004 cm.

Fig. Io gives the frequency attenuation
curves for a similar co -axial cable composed
of thin copper conductors for comparison
with Figs. 8 and 9. The falling off in the
attenuation curves of the plated cable below
0.5 Mc/s due to the finite conductivity of
the iron under layer is clearly visible.

REFERENCES
S. A. Schelkunoff. Bell S. Tech. Journ.,

Vol. 13, P. 532, 1934.
2 G. W. O., Howe. Journ. I.E.E., Vol. 54.

p. 473, 1916.
3 R. F. J. Jarvis and G. H. Fogg. P.O. Elec.

Eng. Journ., Vol. 3o, p. 138, 1937-38.

Indexes and Binding Cases
THE 48 -page Subject and Author Index to the

Abstracts and References published in Wireless
Engineer during 2942 will be available on February
15th. As supplies are limited we are asked once
again to stress the need for placing orders early.
The price will be 2S. 8d., including postage.

Binding cases for Volume XIX, of Wireless
Engineer, January to December, 1942, are now
available and cost 3s. (postage 3d.). Arrangements
can be made for binding readers' copies at an
inclusive cost of ios., plus 9d. to cover the postage
when returning the bound volume.

February Meetings
AT the next meeting of the I.E.E. Wireless

Section, to be held on February 3rd at 5.3o p.m.,
Professor Willis Jackson, D.Sc., D.Phil., will deliver
a paper on " The University Education and Indus-
trial Training of Telecommunication Engineers."

" Industrial Applications of Electronics " is the
subject of the paper to be read by J. H. Reyner,
B.Sc., A.M.I.E.E., at the next meeting of the Brit.
I.R.E., which will be held on February 19th at the
Institution of Structural Engineers, 1, Upper
Belgrave Street, London, S.W.i.

Book Received
D/F Handbook for Wireless Operators. (2nd

Edition). By W. E. Crook. In preparing the
second edition of this book, the first edition of
which was reviewed in our issue of June 1942, the
author has taken the opportunity of adding a
chapter on aircraft D/F. It is a strictly practical
book in which a knowledge of elementary theory
is assumed. Pp. 84. Diagrams iii. Sir Isaac
Pitman and Sons, Ltd., 39, Parker Street, London,
W.C.2. Price 3s. 6d.

Back Numbers
Oux Publishers advise us that a subscriber who

helped to supply the back numbers of Wireless
Engineer asked for in our November issue is himself
in need of the following copies :-August, 1927 ;
September, 1928 ; 'November, 193o ; December,
1932 ; February and October, 1933.
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Receiver Input Circuits*
Design Considerations for Optimum Signal/Noise Ratio

By R. E. Burgess, B.Sc.
(Radio Department, National Physical Laboratory)

SUMMARY.- The problem discussed is the design of the inductively coupled input
circuit of a receiver for optimum signal/noise ratio.

The general case for any aerial impedance is analysed first assuming that valve noise is
small compared with circuit noise, and that the effective temperature of the radiation resist-
ance is the same as that of the circuit. Expressions are derived for the signal/noise ratio
at the grid of the first valve and for the optimum coupling, and it is shown that the coefficient
of coupling and the Q's of the input transformer should be as large as possible. To extend
the analysis to higher frequencies the influence of valve noise on the _optimum coupling is
discussed.

For a loop aerial the optimum coupling coil inductance is approximately 0.4 that of the
loop. A numerical example is calculated for a single -turn loop working over a frequency
band of 0.15-6 Mc/s. (2,000-50 m.). In the case of a resistive aerial the optimum coupling
is relatively small when valve noise is significant, and, as for the loop aerial, its value is not
critical.

For a capacitive aerial the optimum condition occurs in the region of the primary
resonance. Since it is sometimes undesirable to have this resonance in the working band,
it may be necessary to displace it to one or other end, whichever gives the more uniform
sensitivity over the band.

' When the aerial is reactive, the signal/noise ratio can sometimes be improved by tuning
the primary circuit and this also enables the aerial to'be matched to a transmission line. The
optimum conditions for the untuned and tuned primary systems are summarised in a Table.

In the Appendix the loss in signal/noise ratio due to a transmission line link is calculated
and the conditions for minimising the loss are deduced.

1. Introduction
IT is well known that the ultimate sensi-

tivity of a receiving system depends upon
the irreducible minimum noise arising

in the input circuit and the first valve.
Thus a figure of merit for a receiving system
should take noise into account, and for this
reason the conceptions of effective height
and pick-up factor are unsatisfactory. A
more useful' parameter is the ratio of the
signal and noise p.d.'s at the grid of the first
valve, in which valve noise can be readily
incorporated by using the familiar concept
of " equivalent noise resistance."

A generalised analysis of the signal/noise
ratio in an input circuit given by the present
author in a recent paper 1 in which the
problem of assigning an equivalent tem-
perature to the radiation resistance of an
aerial was also discussed. However, this
analysis, like others which gave a general
treatment had the disadvantage of not
indicating the practical design of input

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

circuits. It is particularly important to
use practical variables when determining
the optimum conditions and to ensure that
these conditions are feasible in a working
system.

The object of the present paper is to
discuss the more important features in the
design of input circuits for maximum signal/
noise ratio.

2. General Analysis of the Coupled Circuit
The input circuit which is most frequently

encountered in a receiver is shown in Fig. I.
The signal source (e.g. aerial) has a signal
e.m.f. e, and is of impedance Z ; this is
coupled by a coil 1, r to the first tuned
circuit L2C2R2 of the receiver by a mutual
inductance M corresponding to a coefficient
of coupling k.

In calculating the noise present in the
input circuit, it will be assumed that valve
damping and feedback are absent and that
all the resistive components of impedance
including the radiation resistance are at a
common temperature T. The assumption
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that radiation resistance has the same
effective temperature T as the rest of the
circuit will only lead to an appreciable
discrepancy when the radiation resistance is
relatively large, as in - case of a resonant
open aerial 1. Since, however, the effective
temperature Tr of the radiation resistance
will in practice be larger than T the signal/
noise ratio will be determined more by

Fig. 1. The coupled input circuit with untuned
primary.

external noise than by the circuit and thus
the coupling condition will become less
critical (see for example the curves in Fig. 4
of the paper referred to). It was also shown
that the optimum coupling condition is
independent of Tr.

Now the r.m.s. thermal noise e.m.f. in
a resistance R is given by Nyquist's forinula :

e = V 4kTRB . . (I)
where

k = Boltzmann's constant
(i.37 x io-23 joule/deg.)

B = effective bandwidth of receiver
(c/s.) which is assumed to be
sufficiently small for the im-
pedances of the input circuit to
be taken as constant within it.

The shot effect in the first valve is usually
represented by the equivalent noise resist-
ance R, which would produce the same
anode current fluctuations if connected in
the grid circuit of the valve. By the choice
of £ suitable valve it will be possible to make
valve noise small compared with the circuit
noise for frequencies up to about io Mc/s.,
and the signal/noise ratio will now be com-
puted on this basis.

The ratio of the signal and noise voltages
at the valve grid will always be less than that
of the source itself, owing to the resistances r

67

of the coupling coil and R2 of the secondary.
Since the thermal noise is proportional to
the square root of the resistance a con-
venient parameter for expressing the signal/
noise ratio at any two terminals is the
ratio p of the signal p.d. e' between the
terminals to the square root of -the resistive
component R' of the impedance at the
terminals. The upper limit to this ratio is
the value at the source :-

Po =VR -

where R is the resistive component of Z.
The value of p for the secondary circuit is

given by

e' coM I I I],- e
R' (.0111

\/R2 Z- 2R

P=

e

Ri+ Z1
coM

2R2

(2)

(3)

where R1 = R r is the total primary
resistance.

Thus the coupling circuit .reduces the
signal/noise ratio in the ratio

Po ,N/ r Z1 2-r R2
R coM R

The signal/noise ratio p is proportional
to the square root of the available power
e'2/4R' at the two terminals, and this is
because the ratio of the square of the noise
e.m.f. to R' is 4kTB at any two terminals
of the circuit, for it is assumed that the
temperature and bandwidth are constant
throughout the circuit. Thus the loss in
signal/noise ratio pl po is the square root of
the available signal powers at the source and
at the terminals of C2.

In order to determine the optimum
coupling condition, it is necessary to specify
exactly what variables are involved. In
practice the variables are the coefficient of
coupling k and the coupling coil inductance 1
whose resistance r is assumed to be

wL, -
pro-

portional to /. Let
w-r = q and = Q

-"2
Then the reduction in signal/noise due to
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the coupling circuit is given by the ratio :-

P

Po ,/ co/ (X + (.01)2 + (R + wl/q)2
qR+ wk2IQ 2R

I

I
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eventually becomes of the same order as the
equivalent noise resistance of the valve.

Let D be the effective dynamic impedance
of the tuned secondary circuit (when the
aerial is coupled to it) and R the equivalent

127 wl /I I
-E

X
) 2 Il

cult21Q,R R q k2Q2q2 k2Q2 k2
(Q2 R q

The signal/noise ratio in the secondary
circuit is independent of C2 since a pure
reactance connected in parallel with a net-
work will not affect the ratio of signal to
thermal noise at its terminals.

It is seen that in order to make the
signal/noise ratio a maximum

(i) k, Q2 and q should be as large as
possible and

(ii) (.1)/ should be given its optimum value :

IZI

/
I -1-v k2Q2 le2Q2+

very nearly. (5)

It is of interest to note that as far as the
impedance Qf the source is concerned, only
its modulus IZI and not the power factor
enters, also that there is a definite optimum
coupling condition even when valve noise
is negligible as assumed above. This does
not arise from the existence of resistance
in the coupling coil, since if this is zero
(q = co) a definite optimum condition still
exists.

When 1 is given the optimum value of
equation (5) the signal/noise ratio is given by

COlopt.

Popt.

Po ,,/
I

k2,22-1

Q
very nearly . . (6)

3. The influence of Valve Noise on the
Optimum Coupling Condition

In the above it has been assumed that
valve noise is small compared with circuit
noise, but at frequencies above about
Io Mc/s. this may no longer hold, since the
dynamic impedance of the tuned circuit
falls off as the frequency increases, and

2 X IZI[ V Ik2Q2 R R

(4)

noise resistance of the valve. The total
effective noise e.m.f. at the grid is then

en = V 4kTB(D + Rn) (7)

and thus the reduction of the signal/noise
ratio below the value at the aerial can be
written as

P R
(8)

Po Po D + - D + R.
where S is the transfer ratio from the aerial
to the terminals of the tuned circuit and is

related to by
Po

1= SN/L? (9)
Po

from the definitions of (3,, and p.
It is seen from equation (8) that if the

coupling to the aerial is loose or valve noise
is large compared with the circuit noise
(D Rn) will be substantially independent
of the coupling and the couplings for opti-
mum signal and for optimum signal/noise
ratio are the same. Thus the optimum
coupling for any value of valve noise will
always lie between the coupling for maximum

S and for maximum IL' and it is useful to
Po

remember this when studying the curves
in this paper.

The overall reduction in signal/noise ratio
P-

-- below the value in the aerial has the
Po
factor pip, due to the coupling circuit and
1/DID + R. due to the valve noise. This
latter factor is directly related to the repre-
sentation of valve noise by the " distune
ratio " A which is defined as the ratio of
the r.m.s. noise voltage with the input
circuit normally tuned, to that when it is
completely distuned and is thus given by

.42 =D + R
Rn

(10)
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equation (5) will increase the effective
dynamic impedance D of the secondary

Since absolute measurements of signal/
noise ratio are rather difficult, it is useful
to note that relative values can be obtained
by determining the transfer ratio S, the
effective dynamic impedance D and the
distune ratio 4 and using equation (8).

The signal/noise ratio plp, with valve
noise absent, when using the coupling for
maximum signal is not likely to be more
than 3 db. down on the optimum value at

the coupling for maximum -P- since the
Po

dynamic impedance of the tuned circuit is
approximately halved in the condition for
maximum signal ; with valve noise present
the difference is even less.

The quantity a used in the later sections
to represent the variation of signal with
coupling is defined by

0. = S D= -R p D

o Po ITio

from equation (9)
where D, is the original
value of the dynamic
impedance of the tuned
circuit.

It is seen that a is the
ratio of the actual trans-
fer ratio S to twice the
transfer ratio 0.5 N/Do/R
between resistances R
and D, when they are
coupled and matched by
an ideal transformer.

In the analysis of the
preceding section the

Fig. 2. Behaviour of the
coupled input circuit
with an inductive aerial
(k2 = 0.75; Q q = 6o;

Q2 = 16o).

0.1

0 01
0.01

circuit, and also the term
D

D
the

optimum / with valve noise present will be
smaller than when it is absent. Further-
more, the coefficient of coupling should still
be as large as possible, since for a given
mutual inductance M the inductance l can
then be made smaller, and with it r which
contributes to the thermal noise in the
input circuit.

4. Inductive Aerial (Loop)
Let the loop inductance be L and resistance

be R, and Q = coLIR. Then as Z = ja,/, R
we have from equation (5)

loft' k2Q 2V I

L
. . (13)

which is practically independent of frequency.
Thus in practice the optimum coupling

coil inductance will lie between 0.4 L to L
(12) depending upon the ratio k2Q2/q. In the op -

151:t2;

Pe

G. P'
Po

0

D
Do

optimum -e was determined, and now with
Po

valve noise present, it is the maximum of

P- which is required ; since in general a
Po
decrease of / below the value of /opt. given by

0.1 10

X=

timum condition we have from equation (6).

Pont.

Po / 2Q [ k2

q

Q 2V1- + +
k2Q 2



P=
Po ,,/ xQ (i x)21+

q fe-y2 x (i5)
Fig. 2 gives curves for the typical case of a
closely coupled input transformer :

k2 = 0.75, Q = q =Co, Q2 = 160.
The signal function a has its maximum of

/
0.35 at

L
--= 0.2 while the signal/noise ratio

II- with valve noise absent reaches a maxi-
Po 1
mum of 0.52 when E is 0.58 ; in practice it

will not be possible to exceed appreciably
this favourable condition and o.6 may be
taken as the practical upper limit for L.

Po
Curves are also given for Prepresenting

Po
(for Rt, = D0) the signal/noise ratio with
valve noise present : the optimum value of

1IL is o.3 for which P: is 0.28. It is seen
Po

that the adjustment of 1 is uncritical and a
useful working rule for most cases is :-

/opt = 0.4 L .. (16)

As the curves refer to - the ratio plpo it is
important to make Po as large as possible.
Since fyo is the ratio of the signal e.m.f. in
the loop to the latter's resistance, an im-
portant parameter in determining the per-
formance of a loop is the ratio
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For the general case when 1 has a value
given by

/ = xL
the signal/noise ratio is given by

1

nA
nA NT -0

where nA is the product of area and number
of turns of the loop. Thus the loop Q
should be as high as possible as should the

nAterm -
L

which is seen to be an important

criterion of loop efficiency.
Despite the loss in signal/noise ratio of

about 6 db. in the coupled system compared
with the directly tuned loop it has the
advantage of not requiring separate loop
tuning or a symmetrical input circuit, and
enables one loop (usually of a single turn)
to be used over a wide frequency range
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while the effect of a transmission line link
between loop and receiver is considerably
reduced. These advantages may be of
decisive importance in some practical instal-
lations, especially in mobile apparatus. To
illustrate the design of such a coupled loop
system consider the use of a single turn
loop 5o cm. square and of inductance
2.5 p,H.

Let Q = q = 6o, and Q2 = 160, which
are assumed to be constant over the working
band, and k = 0.5.

Then from equation (i3) the optimum
inductance for the coupling coil is found to be

/opt. = 1.9 pH

and in the optimum condition, by equation
(14)

- ---= 0.36
Po

If E is the intensity of signal in tiV/m.
the signal/noise ratio in the maximum
position of the loop for a receiver with an
overall bandwidth B of 10 kc/s. is

S p 27rnA E'

N= Po. A 4kTBw-L- 5  I V-A

(n)
If the loop is used in the waveband 50-2,000
m. (6-0.15 Mc/s.) it will be easy to make the
valve noise negligible compared with circuit
noise and the field intensity required for
unity signal/n.oise ratio at the loop maximum
ranges from 1.4 µV/m. at 5o m. to 8.7 p-V/m.
at 2,000 m.

If, as is customary, the loop is linked to
the receiver by a transmission line, the
effective values of inductance, resistance and
e.m.f. looking into the line from the receiver
end are the relevant values in this calculation
(see Appendix). Such a line should have
low loss in order that it should not con-
tribute appreciably to the circuit noise, and
the apparent inductance of the loop seen
from the receiver should not vary excessively
with frequency in the working band.

The high k, Q2 and q can be obtained by
the use of an iron -cored transformer since
in the coupled loop system a screened trans-
former is usually not needed, and symmetry
may be achieved by earthing the centre
point of the coupling coil.
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5. Resistive Aerial
Typical examples of a resistive source

are a resonant aerial and a transmission line
terminated in its characteristic impedance
at its far end. We now have

X = o, and IZI = R
and thus equation (5) becomes

adopt. =
-k-92

and from equation (6)

Not.

Po ,\/ ± 2 N/I
k2Q2 q

k2Q12

(i8)

(D9)

However, the degree of coupling given by
this " optimum " condition is too great,
since a large reduction in the dynamic
impedance of the secondary would result.

01

71

the case where.
k = 0.5, q = 6o, Q2 = i6o,

and as in the case of the loop antenna the
variation of signal and signal/noise ratio
with the coupling is uncritical. It is seen
that only a small value of coupling is re-
quired to produce an appreciable reduction
in dynamic impedance, while the signal/noise
ratio is very little dependent on x ; the
curves can be taken as representing the
variation with frequency for a given / or
variation with 1 for a given frequency. It
is seen that plpo, reaches its maximum in
the region of x = i while D/Do and a are
there at their minima. More exactly pip,
has its maximum of 0.97 at x = 0.77, but
since D/D, is there 0.04, valve noise would
become prohibitive on short waves, and this
is illustrated by the curve for p' po(Rn = Do)
whose maximum is 0.41 and. occurs at the
much smaller coupling of x = 0.035. If
this represents too small an 1 to be obtained

with ease it may be
necessary to reduce ki-1

Po

Po

D

0

0 01
0 01 0-1

x= RL

The general expression for pl po is, from
equation (4)

P

Po
N4,/ I x \q, k2Q 21 X k2Q 2 k2Q 24

(

.. (20)

I

where
co/

The curves of Fig. 3 have been plotted for

10

resistive is given

as a practical expedient.
The analysis for a

resistive source with
valve noise present cor-
responds to the case
treated in the paper'

Fig. 3. Behaviour of the
coupled input circuit
with a resistive aerial

- 0.5; g = 6o; Q,
,6o).

mentioned earlier. It is
there shown that the
optimum condition when
the primary circuit is
by

w2M2 (1,1

RiRo R1

Do= - k2Q 2 = - (21)

and thus

W1014. I N/ DO
,vopt. - Rn

since in the present case Ri = R very nearly
and thus R1 is practically independent of 1.

(22)
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The_ dynamic impedance of the secondary
circuit is reduced in the

Ro I Do
Too V. I + lffn I)

and the resulting signal/noise ratio is given
by :

Punt. -11z v/./R
,

Po Do Do
The coupling for maximum signal is given

by x01,1. = which has the value of 0.025
ft,

(23)

(24)

for the example considered above, at which

P- is 0.7 of its optimum value.
P

6. Capacitive Aerial

The capacitive aerial is one of practical
interest, since it embraces open aerials
working at frequencies below their resonant
frequencies. Let the capacitive source have
impedance

I....!MP'

0.1

0.01
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which implies an inductance less than that
required to resonate at w with C, such that
the resonant frequency of the primary
circuit lies above the working frequency.
In the optimum condition

Pont. I
Po 2Q

-Ik212[ +,/1 -r-

. . (26)

It is seen from equation (25) that the capaci-
tive antenna is the most difficult to operate
over a tide frequency band, since the opti-
mum condition is dependent on frequency
and because. of the two primary resonance
conditions at which the effective dynamic
impedance of the secondary falls to a very
low value.

The general expression for Pis
Po

P

Po ,N/ + xQ (x 1)2

le2Q, (27)

where x = (.02/C.

This equation can

Z + R and let

Q = coCR

D

Do

001 0I
xrAo21.c

then from equation (5)
I I

/oPt =
U12C k2

X1 X2
t

. . (25)

I0

be used to study' the
variation of /1 with

Po
frequency for a given 1,
or with 1 for a given fre-
quency.

The capacitive aerial
has a Q which is
usually relatively high
by comparison with the
q of the primary wind-
ing of the transformer,
and which tends to be

Fig. 4. Behaviour of the
coupled input circuit
with a capacitive aerial
(k = 0.5 ; Q = 24o ;

q =_ 8o ; Q2 = 160).

rather more dependent on frequency. In
Fig. 4 thecurves are given for

k = 0.5, Q == 240, q =- 8o, and Q2 = 16o.
The dynamic impedance drops to a very lc w
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value in the region of the resonances of C
with L1 and with its leakage inductance
Li(' - k2) :-

x,
(28)

x2 k2

On the high frequency side of these reson-
ances (x > x2) the dynamic impedance
tends to an upper limit given by

D _11 - k2)2
Do k2Q 2

q

which equals 0.375 for k = 0.5 (Fig. 4)
when Q2/q = 2. Thus with close coupling
P- is considerably smaller on the high -
Po
frequency side of resonance than on the low
frequency side.

It will in general be possible to work on
both sides of the resonances (x < x1 and
x > x2) but the intermediate region (x1
< x < x2) is so narrow and the dynamic
impedance and secondary tuning so variable
that it is unusable. It is seen from equation

(26) that 13_ rises to a value at the maximum
Po

which is practically independent of k for
values up to k = o.5, and is given by

Pont.

Po QA/I ± -
4

I

very nearly ( 29)

but that as x departs from x0,. Pfalls off
Po

more rapidly the smaller the factor k2Q2/Q.

7. The Tuned Primary System
In sections 4 and 6 dealing with reactive

sources, the primary circuit was untuned ;
such systems are frequently used as the
design is simpler than with a tuned primary,
although they have the disadvantages of

(i) the reduction in signal/noise due to the
difficulty of reflecting adequate resistance
from the primary into the secondary circuit
unless a high coefficient of coupling is used,
and

(ii) the unsuitability of the circuit for the
connection of a transmission line to the
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secondary owing to the reactive impedance
appearing there.

These defects are absent when the primary
circuit is tuned and the resulting improve-
ment in signal/noise ratio will now be con-
sidered. Let the aerial have an impedance

Z R where Q > 1.

The system may be either parallel tuned
(Fig. 5a) or series tuned (Fig. 5b). When
the tuning condenser C, is adjusted for
primary resonance :

- coC X ,±
X = o (parallel tuning)
w/

I - wC,X - w2/C1 = o (series tuning)

If we now put
w/

Y = II - coC1X1

IX'
=

w C ,X

(parallel)

(series)

. (3oa, b)

it is found that the equations which follow
hold for either method of tuning if the
appropriate expression for y is used.

( a )

I - wC1X

LZ

0

( b )

LZ

Fig. 5. The coupled input circuit with tuned
primary. (a) Parallel tuning ; (b) Series

tuning.

The reduction of signal/noise ratio in the
absence of valve noise is

P

Po
Qi [I I (I y)-1

yqJ L k2Q2\ q

(3i)

As in the case of the resistive aerial, we
cannot make k large and maximise with
respect to y for the resulting reduction in
secondary dynamic impedance would lead
to a serious reduction in signal/noise ratio
due to the valve noise. Hence in calculating
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the optimum condition it is necessary to
take valve noise into account from the start.

Usually y or its range of values is deter-
mined by the practical consideration of
tuning the primary circuit with reasonable
values of capacitance C1. If k is the variable
which is adjusted to give maximum signal/
noise ratio, it may be shown from the analysis
given in the earlier paper 1 (cf. equations
(2I) and (23) of the present paper) that

k2opt = I (1 +
-0

N/I R1212n (32)
Q2 q

which gives for the optimum signal/noise
ratio with valve noise (R)- present

+12 /
p opt. Do V Do

Po \ +12-
.YT

(33)

It is thus best to make y as large as possible,
and this means using a large 1 for parallel
tuning, or a small 1 for series tuning.
Since the equations assume different forms
depending upon whether the, aerial is in-
ductive or capacitive, these two cases will
be considered separately :

(a) Inductive Aerial
If L is the inductance of the aerial we have

y = l/L (parallel tuning) or L/l (series
tuning) which is independent of frequency ;
for comparison with the untuned case treated
in section 4, let

y =5
Q, = 160
Q =q=6o

then if

R,, = D, kopt. = 0.03o giving P °Pt. = 0.375.
Po'

Comparison with the value of 0.24 for 13,-
Po

in Fig. 2 (untuned primary) shows that the
gain in signal/noise ratio due to tuning
is appreciable although there are the dis-
advantages of an additional tuning control,
and the impracticability of using a single
loop over a wide frequency band.

(b) Capacitive Aerial. (Parallel Tuning)

If C is the aerial capacitance we have for
the parallel tuning from equation (3oa)

y = wa/C =
C C1

Hence y is always less than unity and varies
as the square of the frequency. The need
to make y large means that the maximum
value of C1' must not be large compared
with C and thus the tuning range on the
primary becomes' restricted ; in practice
the extent and number of frequency bands
into which the total range is divided depends
on the desirable compromise between sim-
plicity and sensitivity.

To compare the tuned and untuned
systems, let the frequency band have a
ratio of 2 : 1 and thus if C, is assumed to
range from o to 3C, the range of y is from

to 0.25. Again let

.= 24o q = 8o Q2 = 160

and since the optimum coupling is dependent
on frequency let it be chosen to give the
optimum at the geometric mean frequency
(y = 0.5) ; then if

R = D0, koz. = o.oii giving
p opt. = 0.16

Po

which indicates a slightly worse performance
than the untuned system having k = 0.5
(Fig. 4).

It may be concluded that the tuned
primary system is superior to the untuned
when it is not possible to obtain a coeffi-
cient of coupling greater than 0.5. Since
the sensitivity with a given 1 increases as
the frequency increases, it is probably best
to make the adjustment of kopt, for the
lowest frequency in the band.

The above analysis applies to the case
where the tuned secondary forms the grid
circuit of the first valve. If, however, the
secondary winding is connected to a trans-
mission line, the tuned system has the great
advantage over the untuned of maintaining
an approximately constant resistive termina-
tion which may be adjusted to match the
characteristic impedance Z, of the line, thus
minimising the line loss and ensuring freedom
from resonances when working over a fre-
quency band. The loss in signal/noise ratio
due to a transmission line is analysed in the
Appendix.

The resistive component of the effective
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impedance of the secondary circuit R,' is
given by

R'2
R2R,

k2Q,+ y
q

+ (34)

and k can be adjusted to equalise R'2 and Z0.
When the system is so matched there is an
additional loss of 3 db. in signal/noise ratio
on the value given by equation (31). Thus
if Zo is considerably greater than R2 as is
usually the case, the signal/noise ratio of
the complete system with a tuned grid
circuit at the far end of the line is given by

P

Po 2(1 ±Q)
Yq)

assuming that the line loss is negligible
when it is matched at both ends.

It is seen from equation (2z) that in the
cage of the resistive source the primary
impedance is practically wholly that of the

(35)
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source and thus there is no advantage to
be gained by tuning the primary either in
respect of signal/noise ratio or matching
to a transmission line.

A resume of the optimum coupling con-
ditions for the tuned and untuned primary
systems with the various types of aerial,
is given in the Table.
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APPENDIX

 Loss of Signal/Noise Ratio due to a Transmission Line
Let a source of signal e.m.f. e and impedance

Z(= R jX) be connected to a transmission line
of length d and constants L, R, Co G, per unit
length. The characteristic impedance of the line

TABLE
Resume of optimum coupling conditions for the tuned and untuned primary systems.

k = coefficient of coupling of input transformer.
/ = inductance of primary of transformer (coupling coil).

Aerial
Circuit Inductive (L) Resistive (R) Capacitive (C)

Untuned Primary

(Not suitable for

k should be large
/opt- = 0.4 L for all
values -of valve noise

k need not be larger
than about 0.2

k should be large

connection of 1 should be adjusted If k 0.4, 1 should be adjusted to
secondary t o to its optimum make the primary resonant fre-
t r a n s mission value given by quency I.2 times the upper
line.) equation (22). frequency limit of the 12.,nd.

If k < 0.4, 1 should be adjusted
to make the primary resonant
frequency o.8 times the lower
frequency limit of the band.

.

Tuned Primary Series (y = L/l) or Negligible difference Parallel tuning is usually more
parallel (y = l/L) between the tuned convenient.
tuning may be used. and untuned cases. Frequency band used with a given
1 should be adjusted Either may be used 1 must be adjusted so that' the
so that' y is large.

k should be adjusted
to the optimum value

for connection to a
transmission line,
and the matching
may be obtained

decrease in 'sensitivity at the
low frequency end is not ex -
cessive.

CThis fixes the (-(generally small) by adjustment of range of y
CC + 1)given by equation

(32).

If used for coupling to
transmission line, k
should be adjusted
to give a match from

' equation ('<4).

either k or /. and then k should be adjusted
to the optimum value given
by equation (32) at the low
frequency end.

If coupling to a transmission
line, use equation (34) for adjust-
ment of k.



Z' R' jX' =
cosh Pd sinh Pd

and it is the resistive component of Z' which
determines the noise at the end of the line.

Now usually Zo is almost wholly resistive for,
its imaginary part seldom exceeds about 2 per
cent. of the real part, and thus to simplify the
analysis Z, will be taken as a pure resistance which
should lead to a close approximation in the final
expression for the signal/noise ratio. Using this
approximation, it is found that

R' =R 1-1 [cosh tad
le 2R V° + )
le' 2 sinh 2a.c/7 1ZI 2\

The signal/noise ratio Po at the source is given by
el1/1i while that (p1) ,at the end of the line is related
to it by
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is given by
/Ro jcoL,

Go ± joiC,
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and the propagation constant is given by

P jfl = A/(ito jw.L.0)(Go jcuCo)

The effective e.m.f. e' appearing at the end of the
line is given by

e'
e

cosh Pd -zsinh PdZ,
and the effective impedance Z' there is given by

Z cosh Pd Z, sinh Pd

Pi
Po e

e' /Te
N,

N/cosh 20;1 +VI
2R

sinh 2ccd
-F Zo)Z,

.. (36)

If line is loss -free (a = o) the signal/noise ratio at
the end of the line will equal pot since it introduces
no thermal noise, or in other words e'*/R' is a
constant everywhere.

In the general case pi reaches its maximum when
= Zo  (37)

provided that if when Zo is varied a is constant,
or if when IZI is varied 14 /R and Po, are constant.
The adjustment for the optimum condition may
be made either by choosing the correct char-
acteristic impedance of line, bearing in mind that a
should be as small as possible, or by an adjustment
of the impedance Z in such a way that po is not
diminished.

When the impedances are equalised in accordance
with equation (37)

Pioot
Po

-RN/cosh tad sinh tad

I

.. (38)

and this has an upper limit of c-ad when X = o
and Zo = IZI = R that is when the impedances
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of the line and source are matched. It will also
be noticed that the loss in signal/noise ratio is
gfeatest when the source is reactive and of small

IZIpower -factor since -R can then easily be as large
as ioo.

To take a numerical example consider a trans-
mission line io m. long and of characteristic im-
pedance roo ohms connected to a loop of 2.5 µ}1
inductance with a Q of ioo. At a frequency of
6 Mc/s. IZI is also ioo ohms and thus equation
(37) is satisfied ;` if the attenuation constant of
the line is 8 neper/km. (2 db./rooft.) it is found from
equation (38) that

Pent = 0.24
Po

which corresponds to a loss of 12 db. in signal/ noise
ratio. If the source were instead a resistance of
too ohms the loss would only be o.6 db., and thus
the additional loss in the case of a reactive source
is clearly illustrated.
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British Standards

IT
may interest readers to learn that the latest

information regarding the issue of new and
revised British Standards, of which there are at
present over a thousand, can be obtained from the
B.S.I. Library at 28 Victoria Street, London,
which is open from io.o a.m. to 5.o p.m., Mondays
to Fridays, and at other times by appointment.

The B.S.I. Library also contains a large selection
of specifications prepared by the standards bodies
in other countries. Extracts from specifications
may be made, if desired, and copies of the oversea
specifications may be borrowed from the Library.

For readers in the provinces it may be of interest
to state that most of the technical libraries, Uni-
versities and Central Public Reference Libraries
maintain a complete set of British Standard speci-
fications.

A New Specification
A new British Standard Specification (B.S. 1082)

for fixed condensers, based on technical informa-
tion supplied by the British Electrical and Allied
Research Association, has recently been published.

This specification is a revision of the one issued
in 1926 which was limited in scope to the small
condensers used at that time in wireless receivers.
The drafting of a more comprehensive specification
was necessitated by the considerable extension of
wireless in recent years, and the developments of
other activities involving the use of fixed condensers.

The present specification, which is obtainable
from the B.S.I., price 2S. (2s. 3d. by post), covers all
fixed condensers for general purposes, whatever the
nature of the electrodes and insulant. It does not,
however, apply to condensers for specialised appli-
cation.
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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 if- each

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

547 890. -Cascade arrangement of amplifiers to
which a high level of negative feed -back is applied
without producing instability due to phase shift.

Marconi's W.T. Co. and T. H. Price. Applica-
tion date 13th March, 1941.
548 o13. -Construction of a ribbon type of micro-
phone to give highly -directional discrimination.

Rediffusion and E. W. Rogers. Application date,
18th February, 1941.
548 278. -Loudspeaker in which a device, having
both compliance and mass, is attached to the
diaphragm in order to diminish undesired resonance
effects.

Philco Radio and Television Corporation (assignees
of M. E. Swift). Convention date (U.S.A.), 29th
January, 1940.

AERIALS AND AERIAL SYSTEMS
548 193. -Short-wave directional aerial or " horn "
comprising a pair of cone -shaped elements with their
apices in close proximity to a small loop or dipole
terminating a coaxial feed -line.

Standard Telephones and Cables (assignees of
W. L. Barrow). Convention date (U.S.A.), 9th
December, 1939.
548 202. -Means for automatically adjusting the
effective length of a dipole aerial in accordance with
the tuning of the circuit to which it is coupled.

S. Y. White. Convention date (U.S.A.), 29th
February, 1940.
548 218. -Tuning a frame aerial by means of a
series coil with a sliding core of powdered iron.

Marconi's W.T. Co. (communicated by Radio
e Corporation of America). Application date, 1st April,

1941.
548 3o1. -Permeability - tuning arrangement for
frame aerials giving constant coupling over a wide
range of frequencies.

Johnson Laboratories Inc. (assignees of W. A.
Schaper). Convention date (U.S.A.) 19th. February,
1940.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

548 424. -Circuit arrangement for minimising the
stray capacitances in a pentode, particularly when
used for amplifying and passing pulses to a cathode
follower.

Standard Telephones and Cables and M. M. Levy.
Application date, 7th April, 1941.
548 441. -Means for stabilising the output of a
frequency converter, of the kind in which sub -

harmonics are produced in an oscillatory circuit
comprising a saturable reactance.

Telephone Manufacturing Co. ; L. H. Paddle ;
and B. Drake. Application date 16th July, 1941.
548 475. -Circuit for improving the working char-
acteristic of a diode when used as a mixer in a
superhet receiver.

Philips Lamps (communicated by N. V. Philips'
Gloeilampenfabrieken). Application date 29th July,
1941.

548 50I. -Pre -amplifier circuit in which the  sup-
pressor grid, say of a pentode, is used for rectifica-
tion, and the output is applied to reduce the space
current in the amplifier stage.

Standard Telephones and Cables (assignees of
F. B. Anderson). Convention date (U.S.A.) loth
August, 1940.
548 5o9. -Circuit arrangement in which sharp
pulses are generated for the detection of frequency -
or phase -modulated signals.

Standard Telephones and Cables (communicated
by Western Electric Co. Inc.). Application date
22nd August, 1941.
548 539. -Wide -band coupling circuit having a
comparatively flat gain characteristic for the I.F.
stage of a superhet receiver.

Philco Radio and Television Corporation (assignees
of V. R. Beck). Convention date (U.S.A.) 13th
April, 1940.
548 547. -Broad -band H.F. multi -stage amplifier
giving high gain at low signal level and a high
signal-to-noise ratio.

Standard Telephones and Cables and P. K.
Chatterjea. Application date 11th April, 1941.

TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION

548 337. -Construction of a photo -sensitive surface
or screen of the transparent or semi -transparent
type as used in television transmitters.

Marconi's W. T. Co. (assignees E. A. Massa).
Convention date (U.S.A.), 1st June, 1940.
548 421. -Television system in which field -synchro-
nising signals are developed independently of the
usual line -synchronising pulses.

Hazeltine Corporation (assignees of H. A. Wheeler).
Convention date (U.S.A.), 6th April, 1940.
548 443. -Means for providing a regulating bias to
reproduce the slowly -fluctuating background of
illumination in television transmissions.

Marconi's W. T. Co. (assignees of H. E. Goldstine).
Convention date (U.S.A.), 17th July, 194o.
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548 463. -Straightening or sharpening the flyback
part of the saw-toothed current applied to the
magnetic deflecting coils of a cathode-ray tube,
particularly for television scanning.

The British Thomson -Houston Co. Convention
date (U.S.A.), 3rd May, 1940.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

548 269. -Means for indicating the peak depth of
modulation by measuring the anode current of the
reactance valve in a frequency -modulating system.

A. C. Cossor and D. A. Bell. Application date,
31st March, 1941.
548 370. -Frequency -modulating system in which
pulses are generated at an intermediate stage for
the purpose of stabilising the mid -frequency of the
carrier wave..

Marconi's W.T. Co. (assignees bf R. D. Kell).
Convention date (U.S.A.) 31st May, 1940.
54,8 346. -High -frequency generator in which elec-
trons moving orbitally about a centre which itself
moves longitudinally are " bunched " or velocity
modulated by tangentially -applied fields.

The British Thomson -Houston Co. Convention
date (U.S.A.) 1st March, 1940.
548 581. -Safeguarding arrangement for a high-
powered radio transmitter comprising two oscif-
lation-generators arranged for operation in parallel
but energised from different supply sources.

F. C. McLean. Application date, 22nd July, 1941.
548 599. -Frequency -modulation system in which
a number of spaced side -band groups, each carrying
the same intelligence, are formed as an intermediate
product.

Marconi's W.T. Co. (assignees of J. E. Smith).
Convention date (U.S.A.) 31st August, 1940.

CONSTRUCTION OF ELECTRONIC -DISCHARGE
DEVICES

548 235. -Construction and arrangement of the
electrodes of a cathode-ray tube designed to produce
sharp contrast and half -tone effects in television.

Standard Telephones and Cables (assignees of
R. C. Winans). Convention date (U.S.A.), 25th Junes,
1940.
548 570. -Method of assembling and sealing elec-
trodes to the glass envelope of a vacuum discharge
tube.

Standard Telephones and Cables (assignees of
L. C. Goodall). Convention date (U.S.A.) 8th June,
1940.

SUBSIDIARY APPARATUS AND MATERIALS
548 174. -Apparatus for determining the changes in
composition of an electrolyte by its depolarising
action.

Wallace and Tiernan Products Inc. Convention
date (U.S.A.), 18th August, 1939.
548 228. -Mirror -galvanometer method of measur-
ing the value and the ratio of two currents, particu-
larly for testing electric lamps.

J. J. Dowling and Solus Teoranta. Convention
date (Eire), 2nd July, 1940.
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548 296. - Unidirectional inductive device for
rapidly tripping a cut-out or safety device, irrespec-
tive of the current phase, in an A.C. system.

The British Thomson -Houston Co. Convention
date (U.S.A.), 3rd April, 1940.
548 299. -Frequency filter for separating closely -
grouped ranges of frequency.

Telefon. Akt L. M. Ericsson. Convention dates
(Sweden), 13th July and 24th November, 1938.
548 345. -Shunt arrangement having a rising
impedance -voltage characteristic for minimising
the surge when an inductive circuit is broken.

Igranic Electric Co. and C. E. Randall. Applica-
tion date 3rd March, 1941.
548 419. -Method of balancing the load on the
supply, particularly in a telegraph system with
double -current working.

Standard Telephones and Cables and T. T. S.
Hargreaves. Application date 7th March, 1941.
548 517. -Method of cutting and mounting a
piezo-electric crystal designed to increase the
activity and stabilise fhe frequency of oscillation.

Standard Telephones and Cables (assignees of
S. C. Hight). Convention date (U.S.A.) 18th
September, 1940.
548 518. -Method of generating harmonically -
related carrier waves, and for reducing mutual
interference, in a multiplex signalling system.

Standard Telephones and Cables (assignees of
W. A. Phelps). Convention date (U.S.A.) loth
September, 1940.
548 546. -Frequency -selector unit for a complex
signal in which each distinctive tone carries some
definite form of intelligence or signal.

Standard Telephones and Cables and P. K.
Chatterjea. Application date 11th Aptil, 1941.

The Industry
A CHANGE of address is notified by Grampian

Reproducers, Ltd., who are now at Hampton Road,
Hanworth, Mddx. Telephone : Feltham 2657/8.

The registered trade mark of "Simmonds " has
been granted to Simmonds Aerocessories, Ltd., for
their self-locking nuts.

Paper Economies
EXAMPLES of paper economies which have been

effected in industry, offices and other spheres of
activity are to be seen in the exhibitions, " Paper
in Battle Dress " and " Waste Paper Goes to War,"
which are combined in one show at the Royal
Exchange, London. It was opened on Thursday,
January 28th, and will remain open from ten to
four daily, except Saturdays and Sundays, until
February 12th.

GOODS FOR EXPORT
The fact that goods made of raw ma-
terials in short supply owing to war
conditions are advertised in this journal
should not be taken as an indication that
they are necessarily available for export.
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PROPAGATION OF WAVES
318. FREQUENCY . . . [Public Lectures on Centi-

metric Waves, Wave Guides, Cavity
Resonators, etc.].-S. Ramo. (Gen. Elec.
Review, Oct. 1942, Vol. 45, No. ro, pp.
557-567.)

319. " FUNDAMENTALS OF ELECTRIC WAVES "
[providing " a Working Knowledge of the
Field Theory " : Book Review].-H. H.
Skilling. (Science, 23rd Oct. 1942, Vol.
96, P. 383.)

320. COMMON -WAVE BROADCASTING AND THE
INTERACTION OF MODULATION (LUXEM-
BOURG EFFECT) . -F. Vilbig. (T.F.T:, May
1942, Vol. 31, No. 5, pp. 121-127.)

After a short review of the researches of Bailey
& Martyn on the Luxembourg effect, and also
of Grosskopf's investigations (2279 of 1938),
the writer points out that although the maximum
observed interference -modulation factor is at
present only about I% (so that serious trouble
with broadcasting is not involved), the pheno-
menon would take on a more serious aspect if
in the future the power of broadcasting stations
were raised. For in order to gain any worth-
while advantages a mere 5o to 100% increase
in power would be useless, and it would be a ques-
tion of something like a ten -fold increase : this
would raise the interference factor about ten
times. " Thus a natural limit on any permissible
increase of station powers is set by the Luxem-
bourg effect." The question therefore arises
whether the division of the total output of a
station among a number of spaced common -
wave transmitters would overcome this difficulty.

The writer begins by calculating the inter-
ference factor M at a receiving point E in line
with a common -wave station S,, another common -
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wave station SI, and finally with the " wanted "
station S : low aerials (not aboire A/4 in height)
are assumed. Later (p. 125) the calculation is
repeated for anti -fading (half -wave) aerials at
the interference -producing S, and S, but a low
aerial at S, and then (p. 126) for an anti -fading
aerial at S also. Finally the case of three common -
wave stations in a line is considered, for low
aerials. As a result of .these calculations it is
found that since the interference factor decreases
with decreasing " field -strength loading " 'of the
ionosphere at the points of reflection, the inter-
ference caused by a given total radiated output
diminishes with increasing number of common -
wave transmitters and increasing spacing between
them (increasing distance D2 -D, in Fig. 1) : that
the use of anti -fading aerials at the interfering
common -wave stations, instead of low aerials,
diminishes the interference, but that such a
change at the " wanted " station leads to little
improvement : and finally that with common -
wave stations, on the assumption of similar
behaviour of the ionosphere at different points,
there is, in addition to a constant interference
factor, a variable component of interference
which fluctuates from place to place and (if the
common -wave transmitters are imperfectly syn-
chronised) with time.

32 I . THE SERVICE AREA OF MEDIUM -POWER
BROADCAST STATIONS [500-1500 kc/s].-
Patrick. (See 6o3.) From South Africa.

322. CORRECTION TO " THE CALCULATION OF
GROUND -WAVE FIELD INTENSITY OVER A
FINITELY. CONDUCTING SPHERICAL EARTH."
-K. A. Norton. (Proc. I.R.E., April
1942, Vol. 3o, No. 4, p. 205.) See 1596
of 1942 : the correction relates only to
the graph paper used.



8o WIRELESS
ENGINEER

323. TEMPERATURE OF THE ATMOSPHERE. [and
the Explanation of the Tropopause : Its
Rapid Fall at Latitude showing Marked
Increase in Cosmic -Ray Intensity, & a
Suggested Production of Ozone by Cosmic
Rays as the Reason].-T. G. Cowling :
L. Ja,nossy. (Nature, 12th Dec. 1942,
Vol. 15o, pp. 686-687.) Note on a collo-
quium.

324. THE EFFECT OF TEMPERATURE ON THE
PRODUCTION OF THE AFTERGLOW OF
ACTIVE NITROGEN [Experimental Investi-
gation].-D. E. Debeau. (Phys. Review,
istl15th Sept. 1942, Vol. 62, No. 5/6,
p. 302: summary only.)

325. STANDARDS ON RADIO WAVE PROPAGATION :
MEASURING METHODS [for Radio Field
Intensity : for Power radiated from an
Aerial. for Noise -Field Intensity].-
I.R.E. (Proc. I.R.E., July 1942, Vol. 3o,
No. 7, Part II, 16 pp.)

326. STANDARDS ON RADIO WAVE PROPAGATION :
DEFINITIONS OF TERMS . -I.R.E. (Proc.
I.R.E., July 1942, Vol. 3o, No. 7, Part III,
8 pp.)

'327. THE FREQUENCY SPECTRUM [and the Present
Confusion of Terminology : C.C.I.R. (1937)
Table suggested as Satisfactory, perhaps
with an Additional Line for Millimetric
Waves]. --R. L. Smith -Rose : Fleming -
Williams. (Wireless Engineer, Aug. 1942,
Vol. 19, No. 2a7, p. 36o.) Prompted by
Fleming-Williams's proposals, 2293 of 1942.

328. CLASSIFICATION OF FREQUENCIES : NEED FOR
UNIVERSAL SYSTEM [Editorial On C.C.I.R.

Wave -Band System & Fleming -Williams
Frequency -Band System (2293 of 1942) :
Need for System applying both to Fre-
quencies & Wavelengths].-(Wireless World,
Dec. 1942, Vol. 48, No. 12, p. 277.)

329. CHARACTERISTIC IMPEDANCE OF PARALLEL
WIRES IN RECTANGULAR TROUGHS [deduced
by Joint Use of Conformal Transformation
& Method of Images : Cases of the Balanced
Two -Wire Transmission Line & Balanced
Three -Wire Line with Centre Lines of the
Three Wires lying in a Plane, Inner Wire
serving as Return for Outer Two.]-S.
Frankel. (Proc. I.R.E., April 1942, Vol. 3o,
No. 4, pp. 182-19o.)

330. SKIN EFFECT IN RADIALLY TRAVERSED PLANE
PARALLEL CIRCULAR PLATES [regarded as
Idealised Case of (e.g.) an Earth Connection
through a Chassis].-Wolff. (See 359.)

331. FORMULAS FOR THE SKIN EFFECT [in Wires,
Transmission Lines, & Coils : for Shielding
Effect of Sheet Metal: for Resistance due
to Shield near a Coil : etc.].-H. A. Wheeler.
(Proc. I.R.E., Sept. 1942, Vol. 3o, No. 9,
pp. 412-424.) A summary was dealt with
in 2298 of 1942.

February, 1943

332. CORRECT IONS TO " SKIN -EFFECT FORMULAS "
J. R. Whinnery. (Electronics, March 1942,
Vol. 15, No. 3, p. 94.) See 2619 of 1942.

THE SOLUTION OF MAXWELL'S EQUATIONS
FOR CERTAIN DIFFRACTION PROBLEMS [Of
Plane Waves normally incident upon an
Aperture in a Plane Opaque Screen in an
Isotropic Transparent Medium : the Con-
cept of " Corrugated Waves," & Its Applica-
tion].R. A. Woodson. (Phys. Review,
Istlx5th Sept. 1942, Vol. 62, No. 5/6, p. 297 :
summary only.)

" Perhaps the most valuable contribution of the
corrugated wave theory is its simplicity by which
it readily explains phenomena predicted by much
more complicated theories."

334. THE INFLUENCE OF AN " UNEVEN " ANISO-
T ROPY ON THE PATH OF LIGHT RAYS . -P.
Frank. (Phys. Review, 1st/15th Sept. 1942,
Vol. 62, No. 5/6, pp. 241-243.)

" Examples of ' uneven anisotropy are provided
by the path of light rays through moving bodies
or the path of electrons through an electromagnetic
field. The formulae we are going to develop will
embrace in one mathematical pattern all these
problems.."

333.

335. THE DIFFUSION FROM A POINT SOURCE:
SUPPLEMENT TO THE PAPER " SOME DIF-
FUSION PROBLEMS'" [2292 of 1942].-W.
Bothe. (Zeitschr. f. Phys., 8th Sept. 1942,
Vol. 119, No. 7/8, pp. 493-497.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

336. Cosmic STATIC [Radiation of Extraterrestrial
Origin detectable by Radio Receiving
Equipment : Full Description of Highly
Directive Apparatus & Auxiliary Equipment :
Circuit Analysis : Signal/Ripple Ratio :
Thermodynamic Relations : Motor -Car -
Ignition Noise : Results : Cosmic Static as
the Equivalent of Thermal Agitation in
which All Space is the Conductor].-G.
Reber. (Proc. I.R.E., Aug. 1942, Vol. 3o,
No. 8, pp. 367-378.)

This is the work referred to at the end of 3564 of
1942 (Franz) : for the earlier reports see 1769 of
1940, and Astrophys. Journ., June 1940, Vol. 91,
p. 621. " If this speculation has any foundation,
then the intensity/frequency function of cosmic
static should be the same as that of thermal -
agitation noise ; in other words, the intensity per
unit frequency band -width should be constant,
independent of frequency from any region of the
sky : measurements are required at some other
frequency several octaves from the present one of

Mc/s.

337. THE CRITERION FOR STREAMER FORMATION
[Experimental Indications that Density
of Photoionisation is More Important than
Tip Field in Streamer Propagation : but
Meek's Criterion for Spark Breakdown still
applies in Practice with K about o.i for
Air].-G. L. Weissler & L. B. Loeb. (Phys.
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Review, ist/15th Sept. 1942, Vol. 62, No. 5/6,
p. zoo : summary only.) Cf. Zeleny, 3203
of 1942-

_ PROPERTIES OF CIRCUITS

338. THE EFFECT OF FLUCTUATION VOLTAGES ON
THE LINEAR DETECTOR.-Ragazzini. (See
390)

339. DISCUSSION ON " THE DISTRIBUTION OF
AMPLITUDE WITH TIME IN FLUCTUATION
NOISE."-Norton : Landon. (See 389.)

340. SIGNAL/NOISE RATIO OF CATHODE -FOLLOWER
[Calculated Comparison between Conven-
tional Pentode Amplifier & Triode Cathode -
Follower], and CRITICISM OF THIS LETTER.-
D. A. Bell ; R. E. Burgess. (Wireless
Engineer, Aug. 1942, Vol. 19, No. 227,
PP 360-361 : Oct. 1942, No. 229, p. 450.)

(i) " The signal/noise ratio of Fig. 2 [triode
cathode -follower] is 6 or 8 db better than that of
Fig. [conventional pentode] " : the gain would be
less by the factors of 2 and A/GZ, but the input
conductance is reduced by a factor greater than 2,
so that where the input conductance of the valve
is a serious factor, the difference in gain is not so
great as suggested : " the circuit of Fig. 2 may
therefore be of interest where it is necessary to
obtain the utmost signal/noise ratio." (ii) Various
points in Bell's analysis are criticised, and finally :

Although the ratio of shot currents of a pentode
and triode of the same slope may be of the order
of 2 to 1 [basis of Bell's argument], the over-all
improvement due to the use of a triode . . . instead
of a pentode will be less than this owing to the
thermal noise in the input circuit and in the output
impedance. . . ."
341. THE USE OF VACUUM TUBES AS VARIABLE

IMPEDANCE ELEMENTS [in Automatic Tuning,
Frequency Modulation, etc : Use of Inverse -
Feedback Amplifier to obtain Very Large
Effective Capacitance or Very Low Negative
Resistance, variable by varying the Amplifier
Gain : etc.].-H. J. Reich. (Proc. I.R.E.,
June 1942, Vol. 3o, No. 6, pp. 288-293.)

" Since no general discussion of the entire subject
appears to have been presented, this paper may be
of some value in suggesting new applications of
reactance -tube circuits.;
342. RESPONSE OF REACTIVE NETWORKS TO FRE-

QUENCY -MODULATED SIGNALS.-J. D.
Weston. (Wireless Engineer, June 1942,
Vol. 19, No. 225, pp. 251-253.)

" To summarise, we may say that, if the maximum
frequency excursion is many times the highest
modulation frequency, a reactive network will
produce negligible distortion if it has a linear phase
characteristic and an amplitude characteristic which
is nearly level over the range (.0± A, where A is the
maximum frequency excursion. The use of ' stag-
gered ' tuned circuits to produce the required
amplitude characteristic is precluded, since the
phase shift is then non-linear."
343. CIRCUIT FOR NEUTRALISING LOW -FREQUENCY

REGENERATION AND POWERSUPPLY HUM
[in High -Gain Multi -Stage Amplifiers].-
Wen-Yuan Pan. (See 401.)

81

DIFFERENTIAL -INPUT CIRCUITS FOR BIO-
LOGICAL AMPLIFIERS [Survey, including
Papers occurring only in Medical Journals],
and DISCUSSION OF THE ABOVE PAPER.-M.
G. Saunders : J. Debski. (Electronic Eng:g,
May 1942, Vol. 14, No. 171, pp. 76o and
762-763: July 1942, Vol. 15, No. 173, p. 80.)

(i) " In the writer's opinion the circuit of Offner
(1713 of 1937) should prove the most satisfactory.

. . . In this country it has not, however, been
customary to use push-pull throughout. . . . Conse-
quently, one of the other circuits has been preferred,
and that of Tonnies (2096 of 1938) is most commonly
in use." For diagram corrections see June issue,
No. 172, Vol. 15, p. 4o. (ii) Two points of dis-
agreement.
345. JUDGING AN AMPLIFIER BY MEANS OF THE

TRANSIENT CHARACTERISTIC [Derivation of
Equations for Transient Characteristics of
Various Valve -Coupling Networks, and Com-
parison between the Corresponding Curves :
Question as to the Improvement, at High
Frequencies, due to Elaboration of Network :
etc.].-J. Haantjes. (Electronics, March
1942, Vol. 15, No. 3, pp. 8o, 82 : summary
only.) See also 3212 of 1942.

ANALYSIS, SYNTHESIS, AND EVALUATION OF
THE TRANSIENT RESPONSE OF TELEVI
APPARATUS.-Bedford & Fredendall. (See

478.)
A CONTRIBUTION TO THE THEORY OF NETWORK

SYNTHESIS [for Elimination of Trial -&-Error
Design of Corrective Networks for Transient
Conditions : Analysis yielding Generalised
Infinite -Integral Formula (Eqn.. 16) extend-
ing Brune's Procedure, based on Steady -State
Requirements, to Transient Requirements :
Application to finding Linear Passive Net-
work equivalent to a Non -Linear Resistance
such as Thyrite].-R. A. Whiteman. (Proc.

May 1942,Vol. 3o, No. 5, pp. 244-246.)

348. DIVIDING NETWORKS FOR TW,p-WAY HORN
SYSTEMS [Choice of Crossover Frequency :
Comparison of M -Derived & Constant-

- Resistance Types of Network : Air -Core
versus Iron -Core Coils : etc.].-Campbell.
(See 456.)

349. L -TYPE IMPEDANCE -TRANSFORMING CIRCUITS
[for Aerial/Feeder Matching, etc.].-Smith.
(See 424.)

350. TRANSFORMED NETWORKS [for Economy in
Material in Band -Pass -Filter Networks with-
out Change in Qualities].-H. J. Griese.
(Wireless Engineer, Oct. 1942, Vol. 19,
No. 229, pp. 463-465) Full translation of
the German paper dealt with in 1936 of 1942.

LOGARITHMIC CHARTS AND CIRCUIT PERFORM-
ANCE [Graphical Method of dealing with
Circuit Problems where a Wide Range of
Frequencies is involved : Advantages : Use
in Teaching].-D. N. Truscott. (Electronic
Eng:g, May 1942, VOL 14, No. 171,
pp. 744-748, & July 1942, Vol. 15, No. 173,
pp. 57-60.)

344.

346.

347.

351.
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352. " ELECTRIC CIRCUITS " [Book Review].-
E. E. Staff of M.I.T. (Proc. I.R.E., May
1942, Vol. 3o, No. 5, p. 257.)

353. " ELECTROMECHANICAL TRANSDUCERS AND
WAVE FILTERS " [Book Review].-W. P.
Mason. (Journ. Applied Phys., Oct. 1942,
Vol. 13, No. Jo, p. 644.)

RADIO BIBLIOGRAPHY : FILTERS, EQUALISERS,
NETWORKS : ACOUSTICS, LOUDSPEAKERS
[and List of Previous Subjects].-F. X.
Rettenmeyer. (Radio [New York], Oct. 1942,
No. 273, pp. 26 and 29 ...so.)

" CHART ATLAS OF COMPLEX HYPERBOLIC AND
CIRCULAR FUNCTIONS (THIRD EDITION,1924)
and " TABLES OF COMPLEX HYPERBOLIC AND
CIRCULAR FUNCTIONS (SECOND EDITION,
1927) " [Book Reviews].-A. E. Kennelly.
(Proc. I.R.E., April 1942, Vol. 3o, No. 4,
p. 2 I I .)

356. THE OPERATIVE ATTENUATION OF FOUR -POLE -
NETWORK CHAINS.-W. Klein. (T.F.T.,
April 1942, Vol. 31, No. 4, pp. 103-108.)

This problem comes to the fore again (after its
earlier treatment in connection with audio -frequency
technique) owing to the development of wire broad-
casting and carrier -current working along overhead
lines. A -circuit for wire broadcasting often consists
of a combination of overhead lines and cable
sections which are not matched to each other, and
a practical way of calculating its attenuation is very
necessary : hence the present theoretical investiga-
tion.

Eqn. 9 for the operative attenuation of such a
network was already given by Hoecke, but its use
is fairly complicated. However, what is often
wanted is not the exact value of the attenuation at
a given frequency, but rather the limits between
which, in a given frequency range, it may under the
most unfavourable conditions fluctuate as a result
of imperfect matching. The writer therefore
obtains from eqn. 9 the simplified eqn. 18 for the
operative attenuation, which is here represented as
the sum of the quadripole attenuations, the " junc-
tion " attenuations (see eqn. 9 and text below it),
and the " reflection attenuation." The simplifica-
tion consists largely of the fact that the junction.
attenuations contain only the characteristic im-
pedances and terminal resistances of the quadri-
poles, and not their input impedances (so difficult
to calculate). They are therefore easily derived,
but eqn. 18 also contains the " reflection attenua-
tion," more difficult to obtain : in many practical
cases it can be neglected, but its calculation is given
in section 2 and illustrated by an example (of a
composite wire -broadcasting line) in section 3.
With the help of this " reflection attenuation " a
simple relation is obtained (eqn. 31) for the, input
impedance.

357. CHARACTERISTIC IMPEDANCE OF PARALLEL
WIRES IN RECTANGULAR TROUGHS.-
Frankel. (See 329.)

358. THE INFLUENCE OF THE CONNECTING LEADS
IN THE MEASUREMENT OF HIGH -FREQUENCY
VOLTAGES.-Lang. (See 505.)

354-

355 -
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359. SKIN EFFECT IN RADIALLY TRAVERSED PLANE
PARALLEL CIRCULAR PLATES.-H. H. Wolff.
(Arch. f. Elektrot., Aug. 1942, Vol. 36, No. 8,
PP 493-513.)

Previous calculations of skin effect have all dealt
with cylindrical conductors, in which a practically
axial flow of current is assumed, so that the current -
density vector has, in the main, the same direction.
In practice, however, a number of arrangements
occur in which the current flow, starting from a
particular point, passes in many directions, and
which can be represented to a first approximation,
as regards skin effect, by plane parallel circular
plates in which the current -density vector is
perpendicular to the axis. For example, the
earthing of a.c. circuits frequently takes place
through metal plates which serve also as the chassis
of an apparatus.

The present work deals with the calculation of
amplitude and phase conditions, effective resistance,
penetration depth, etc., for an idealised version of
such a case. Obviously the solution of the problem,
thus idealised, will permit exact numerical calcula-
tions in practical conditions to be made only in
extremely rare cases. On the other hand the
application of the formulae now obtained will very
often give values of the correct order of magnitude
and lead to a satisfactory constructive solution of a
given problem. Of special importance for high -
frequency apparatus is the fact represented by
eqn. 48 and Fig. 8, that for kdI2> 2.6 (where
k =1/µµ0w . 10-8/2p' and d= plate thickness), that is
to say at high frequencies of great thicknesses, the
total current i lags by a practically constant amount
(approx. IT / 4) behind the current density at the
surface and thus behind the voltage between points
on the surface : a fact which lies at the bottom of
frequently encountered and hitherto unexplained
phenomena. Also the results concerning the ratio
of the effective a.c. resistance to the d.c. resistance,
represented generally in eqn. 67 and for high
frequencies and great thicknesses in eqn. 68 : the
general equation 67 reduces, when kd (see above)
is not less than 3.7, to the simple statement that
the ratio of the resistances is, within at most 5%,
equal to kd/2. That is; for high kd values the ratio
increases in proportion to the thickness of the plate
and to the root of the angular frequency (see
Fig. 13) and in this region it is useless in practice
to try to reduce the effective a.c. resistance by
increasing the thickness of the plate.

360. CORRECTIONS TO " SKIN -EFFECT FORMULAS."
-J. R. Whinnery. (Electronics, March 1942,
Vol. 15, No. 3, p. 94.) See 2619 of 1942.

361. FORMULAS FOR THE SKIN EFFECT.-Wheeler.
(See 331.)

362. THE CALCULATION OF CHOKE COILS WITH
SEVERAL WINDINGS.-J. Bohse & H. Bielert.
(T.F.T., May 1942, Vol. 31, No. 5, pp.
128-133.)

Economy in cost and weight is, of course,
obtained by providing a single winding with a
number of tappings in this way ten or more.
inductance values can be provided by one core.
Still greater economy, however, is obtained by the
use of completely separate windings, which can be
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connected in all kinds of series and opposed combina-
tions, provided that these windings are properly
proportioned. It is shown here that the series of
inductance values obtainable with a single core,
approaches very closely to the theoretical optimum
if the various numbers of turns are in the ratio

: 3 : 32 . . . But to avoid the serious departure
from linearity over a wide range of inductances
(Fig. 2) it is desirable 'to make use of only some of
the possible combinations and to cover the whole
range by two or more multi -winding chokes : thus
for a (=ALIL) of io% a range from 1 mit to
2000 mn can be covered by five four -winding or
three five -winding chokes : Fig. 5 shows the curve
of a  five -choke combination covering a range of
0.32-2000 mH in 114 steps.

363. CORRECTIONS TO " ON D.C.-POLARISED A.C.
CHOKING COILS AND THEIR BACK COUPLING."
-Th. Buchhold. (Arch. f. Elehtrot., Aug.
1942, Vol. 36, No. 8, p. 514.) See 3547 of
1942.

364. NEGATIVE AND POSITIVE RESISTANCE :
SOURCES AND SINKS OF POWER [I =f(V) for
Any Two -Terminal Resistive Network :
Sinks have Positive Slope, Positive Resist-
ance, and I & V in Phase : Sources have
Negative Slope, Negative Resistance, and
I & V in Antiphase : Idealised Negative
Resistance : Definition of Point Resistance &
Incremental Resistance : Appropriate Cir-
cuits for Current- & Voltage -Controlled

-Negative Resistors : etc.].-D. M. Tombs.
(Wireless Engineer, Aug. 1942, Vol. 19,
No. 227, PP 341-346.)

365. ON THE DEIONISATION IN THYRATRONS
OPERATING AS RELAXATION OSCILLATORS.-
Upatov. (See 551.)

366. DESIGNING A RESISTANCE-CAPACITY OSCIL-
LATOR COVERING FREQUENCIES FROM 40 TO
13 000 CiS IN FOUR RANGES [replacing Beat -
Frequency Oscillator : Choice of Number
of Sections & Ranges for Phase Shifter :
Design of Maintaining Amplifier : etc.].-
R. C. Whitehead. (Wireless World, Dec.
1942, Vol. 48, No. 12, pp. 278-282.) For
another paper on these oscillators see Tucker,
512, below.

367. SPARK-SUPPAESSION BY RECTIFIERS [for
Preservation of Contacts & Prevention of
Radio Interference : Theoretical Investiga-
tion., and a Vibrator Circuit giving a Good
Square -Wave Voltage].-H. J. Schmidt.
(E.N.T., Aug. 1942, Vol. 19, No. 8,
pp. 156-16o.)

This possible use of dry -plate rectifiers has been
dealt with in several patents during the last fifteen
years, but the plan has hardly ever come into
practice. The usual method of spark -suppression,
by a condenser in series with a resistance, quenches
the spark at break the better as the condenser is
made larger and still more as the resistance is made
smaller : at the cost, however, of increasing the
spark at make and the tendency of the contacts to
stick. The condenser-resistance circuit must there-
fore be a compromise : but better results can be

83

obtained by making the resistance different in the
two directions of the current, by making it, in fact,
in the form of a rectifier (Fig. 2) : the condenser
is not always necessary in that case (Fig. 3), the
rectifier alone shunting the working inductance.
But this simplified arrangement is not suitable for
a supply voltage over about 10 v, and a condenser
with rectifier in series is then needed across the
contacts themselves (Fig. 4). Each of these circuits
has its advantages and disadvantages : even Fig.4,
for instance, has the defect that a buzzer or vibrator
on this scheme generates more harmonics than one
using the circuit of Fig. 3.

The present paper concentrates on the simple
scheme of this Fig. 3, and it is shown that the
occurrence of high " extra " voltages in a buzzer
can be prevented in this way, but that a subsidiary
action of the circuit occurs when, as would happen
in such a buzzer (Fig. 6), the contact is made and
broken several times within a time -period of the
quenching circuit. This unwanted effect is the
increasing of the working current taken by the
buzzer, and is the more marked the lower the
resistance of the rectifier. However, by a suitable
choice of this rectifier resistance the surge, voltages
at break can be suppressed satisfactorily without
the current consumption being seriously increased,
and a buzzer on these lines will provide a good
square -wave voltage form.

TRANSMISSION

368. THE RETARDING -FIELD OSCILLATOR [Experi-
mental Investigation, using Pair of Matched
A.T.4o Valves in Parallel: Comparison of
Results with Those of Hollmann and Gerber :
Simultaneous Existence of a (Triode -Type)
and /3 (Diode -Type) Oscillations, a practically
Constant in Wavelength as Circuit Length is
increased, /3 decreasing Slightly, but Uni-
formly : after Critical Position (Transition
from B-K to G-M, with Large Increase in
Oscillation Amplitude) both a and 13 (still
detectable) have Wavelengths governed by
E)cternal Circuit].-Win. Alexander. (Wire-
less Engineer, April 1942, Vol. 19, No. 223,
PP- 143-147.)

369. VELOCITY -MODULATING GRIDS : AN INVESTI-
GATION OF THEIR ACTION BY MEANS OF
ANALYSIS AHD GRAPHICAL METHODS [Influ-
ence of Finite Grid -Distance on Velocity &
Density Distributions of Emerging Elec-
trons].-R. Kompfner. (Wireless Engineer,
April 1942, Vol. 19, No. 223, pp. 158-161.)
For previous work see 1355 of 1942.

370. ON. THE' EFFECT OF AN EXTERNAL ELECTRO-
MOTIVE FORCE ON THE OPERATION OF A
SPLIT -ANODE MAGNETRON.-S. Ya. Braude.
(Journ. of Tech. Phys. [in Russian], No. 23/24,
Vol. 1o, 1940, pp. 1993-2010.)

This is the first part of a paper dealing with the
operation of a magnetron with a two -segment anode
when in addition to the anode voltage an external
e.m.f. is applied to the anode segments (Fig. 2).
Equation 1 of the system is written down and its
operation iS analysed, using the Poincare-Lyapunov
methods. It is shown that if the static characteristic
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of the magnetron can be represented by an equation
of the 3rd degree, and an external e.m.f. is applied
to the anode segments, then, according to the
average slope of the characteristic and the equiva-
lent impedance of the tuned circuit, three different
cases may arise. The first case corresponds to the
state of excitation and either pulling -in or beating
of frequencies may occur ; the amplification of the
system is the highest in this case. In the second
and third cases there is no excitation of the system
and only " forced " oscillations can take place ; the
amplification of the system is lower than in the
first case. For each case formulae are derived for
determining the amplitudes of both " forced " and
"free " oscillations. The effects of the magnetic
field, anode voltage, and emission current on the
band -width for pulling -in in the first case are also
determined.

371. A NEW DIRECT CRYSTAL -CONTROLLED OSCIL-
LATOR FOR ULTRA -SHORT-WAVE FREQUEN-
CIES [using a Mechanical Harmonic (e.g, 15th)
of an AT- or BT -Cut Quartz Crystal].-
W. P. Mason & I. E. Fair. (Proc. I.R.E.,
Oct. 1942, Vol. 3o, No. to, pp 464-472.)
In the particular model described, the
oscillator was used with two 24oH amplifying
pentodes to deliver 12 watts to the aerial at
120 Mc/s.

372. THE USE OF VACUUM TUBES AS VARIABLE
IMPEDANCE ELEMENTS [in Frequency Modu-
lation, etc.].-Reich. (See 341.)

373. SPECTRA AND NON -LINEAR -DISTORTION FAC-
TORS OF FREQUENCY- AND AMPLITUDE -
MODULATED OSCILLATIONS : III-MODULA-
TION DISTORTION IN SPECIAL CASES [" Klirr "
Factors for Demodulation at a Loss -Free
Self -Inductance : Approximation for Modu-
lating Frequencies Small compared with
Carrier Frequency : Modulation Distortion
in Multi -Channel Working (F.M : unlike
A.M., Combination Tones & Crosstalk may
be produced by Too Narrow Filters) :
Single-Sideband Working].-M. Kulp.
(E.N.T., July 1942, Vol. 19, No. 7, pp. 126-
135.) For Parts I & II see 41 of January.

374. THE ZERO -BEAT METHOD OF FREQUENCY
DISCRIMINATION [for Frequency -Modulated
Transmitters : Defects of Previous Methods :
Method characterised by Compactness (suit-
able for Portable & Semiportable Trans-
mitters), Symmetry of Output with respect
to Positive & Negative Frequency Devia-
tion, and Linearity].-C. F. Sheaffer. (Proc.
I.R.E., Aug. 1942, Vol. 3o, No. 8, pp. 365-
367.) U.S. Patent 2 274 434 of 1942.

375. A MODERN I0 KILOWATT FREQUENCY -MODU-
LATION TRANSMITTER [at W69PH (WCAU),
Philadelphia : using the Crosby Stabilising
Circuit : capable of less than Over -All
Distortion between 3o & 15 000 c/s at
Too kc/s Deviation].-E. S. Winlund & C. S
Perry. (Electronics, March 1942; Vol. 15,
No. 3, pp. 40-43.) From R.C.A.

ELESS February, 1943
NEER

376. A NEW FREQUENCY -MODULATION BROAD-
CASTING TRANSMITTER [embodying the
" Grounded -Plate " Amplifier, 3232 of 1942].
-A. A. Skene & N. C. Olmstead. (Proc.
I.R.E., July 1942, Vol. 3o, No. 7, pp. 33°-
335.)

377. A CRYSTAL -CONTROLLED= FREQUENCY -MODU-
LATION EXCITER : A NARROW -BAND SYSTEM
FOR AMATEUR USE.-W. P. Bollinger.
(QST, Oct. 1942, Vol. 26, No. to, pp. 25-27.)

378. EXPERIMENTAL POLYPHASE BROADCASTING
[WHO's Experimental Transmitter].-
Loyet. (See 6oi.) '

CLASS C TELEGRAPHY : THE GRAPHICAL DE-
TERMINATION OF OPTIMUM OPERATING CON-
DITIONS FOR TRANSMITTING VALVES.-PrillZ
& Mitchell. (See 437.)

380. A COMBINATION RADIOTELEGRAPH-BROAD-
CAST HIGH -FREQUENCY TRANSMITTER WITH
MANY NEW FEATURES [I or 3o kW on Tele-
graphy, 9 kW on Broadcasting: 5.7-22 Mc/s:
Phase Modulation for Modulated C.W :
Lange Neutralising Circuit for Power Ampli-
fier : etc.].-F. D. Webster & R. E. Downing.
(Communications, June 1942, Vol. 22, No. 6,
pp. 10-13 and 27, 28.) At Lima, Peru.

381. OPERATING A C.W. TRANSMITTER, WITH FOUR
STAGES ALL WORKING ON DIFFERENT VOLT-
AGES, FROM A SINGLE 1500 VOLT SUPPLY
[Inefficient Dropping Resistors avoided by
Series Connection of Two Stages].-J. Blitch.
(QST, Oct. 1942, Vol. 26, No. to, p. 72.)

379.

RECEPTION

382. SOUND RECEIVER FOR TELEVISION PRO-
GRAMMES.-E. Kinne. (Funktech. Monats-
hefte, April 1942, No. 4, pp. 54-56.)

Special attention is given to methods of stabilising
the oscillator frequency against temperature changes,
such as the use of a Calit and a Condensa F con-
denser in parallel for the condenser in the tuned
circuit C1L3, or the construction of the iron -cored
coil L3 in such a way that warming -up of the iron
core produces effects which are opposed to the
effects due to the warming -up of the winding. This
latter method gives a cheap oscillator whose con-
stancy is such that after a four -minutes' run it can
be used as an adaptor for an ordinary broadcast
receiver. Similar methods would also be needed for
a " straight " receiver.

The sensitivity of the oscillator system 'to voltage
fluctuations is then considered. Quite small over -
modulation of the output valve, only too easily
produced, will cause serious voltage fluctuations,
and consequent oscillator -frequency fluctuations,
when the smoothing choke is formed by the loud-
speaker -magnet winding of (say) 1500 ohms. One
way of avoiding this effect is to make the smoothing
choke very low in resistance and to over -dimension
the mains transformer and rectifiers. Another way,
apparently adopted in the receiver here described,
is to decouple the oscillator circuit by a suitable
resistance R2 and to connect it in front of the
smoothing choke. For hum suppression, each of
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the heater terminals of the oscillator valve is earthed
directly through a non -inductive condenser, G, and
C3. Properly built, the receiver shown is unaffected
by mains voltage fluctuations of 1o%. If larger
fluctuations occur, the anode voltage must be
stabilised, at any rate for the oscillator valve.

383. 'FREQUENCY MODULATION : PART VII, and
RESPONSE OF REACTIVE NETWORKS TO FRE-
QUENCY - MODULATED SIGNALS. - Shirley
Weston. (See 596 & 342.)

384. TRANSIENTS IN FREQUENCY MODULATION
[Question of Receiving -Filter Band -Width
treated by Considera,tion of the Transients
which will develop in the Receiver upon a
Sudden Change in Frequency : of Particular
Importance for Certain F.M. Applications
such as Television Synchronising Signals :
Importance of Amplitude Limiter & Sym-
metrical Arrangement of Filter Pass -Band :
etc.].-H. Salinger. (Proc. I.R.E., Aug.
3942, Vol. 3o, No. 8, pp. 378-383.)

385. EFFECT OF AN EXTERNAL ELECTROMOTIVE
FORCE ON THE OPERATION OF A MAGNETRON.
-Braude. (See 37o, above.)

386. NOTES ON RECEIVER DESIGN [for Short &
Ultra -Short Waves : Suggestions for Im-
provement of Sensitivity, Stability, Signal/
Noise Ratio, & Ease of Control : including
the Full Utilisation of the Advantages of
the Type 1851 Valve in First R.F. Stage by
Use of Push -Pull Tuned R.F. Circuit].-
D. Eby, [New York], 1942,
No. 273, pp. 22 and 4o, 41.)

387. COSMIC STATIC [Signal/Ripple Ratio : Thermo= 
dynamic Relations : Motor -Car -Ignition
Noise : Cosmic Static as the Equivalent of
Thermal Agitation in which All Space is the
Conductor].-Reber. (See 336.)

388. SIGNAL/NOISE RATIO OF CATHODE -FOLLOWER,
and CRITICISM OF ABOVE LETTER.-Bell:
Burgess. (See 34o.)

389. DISCUSSION ON " THE DISTRIBUTION OF
AMPLITUDE WITH TIME IN FLUCTUATION
NOISE."-K. A. Norton : V. D. Landon.
(Proc. bR.E., Sept. 1942, Vol. 3o, No. 9,
PP. 425-429.)

Argument about Landon's results (2129 of 1941).
Landon concludes by remarking that " the discus-
sion has brought out important material not
previously published. . . . Certain of the details . . .

should find important practical applications." ,

390. THE EFFECT OF FLUCTUATION VOLTAGES ON
THE LINEAR DETECTOR [Analysis yielding
Expressions f9r A.F. Noise Spectra & R.M.S.
Values of A.F. Noise Outputs in Various
Conditions : Demodulation & Modulation -
Compression Effects, and Harmonic Distor-
tion, due to Fluctuation Voltages : A.F.
Signal/Noise Ratio for Simultaneous Fluctua-
tion Voltages & Modulated Carrier : Experi-
mental Confirmation].-J. R. Ragazzini.

85

(Proc. I.R.E., June 1942, Vol. 30, No. 6,
pp. 277-288.)

391. THE NOISE OF DIODES AND DETECTORS
[Pyrite, Carborundum] IN THE STATIC AND
DYNAMIC REGIMES.-H. F. Matare. (E.N.T.,
July 1942, Vol. 19, No. 7, pp. 111-126.)

Of the various measurements made to check the
theoretical foundations of h.f. noise in saturated
and unsaturated valves, all those obtained with
triodes proved to be in good agreement with theory,
but those obtained with unsaturated diodes differed
seriously from the theoretical results : this applied'
particularly to the values found experimentally for
valves with " guarding cones," specially designed
for noise measurements (references " 6 " & " 9 ").

Author's summary :-" The paper deals first with
the difficulties encountered in static noise measure-
ments, particularly the separation of the noise
sources in the case of small internal resistances of
diodes, and consequent small noise -voltages at the
input circuit. A noise -factor p is defined which is
helpful in obtaining a picture of the noise -behaviour
of the valves [eqn. 3 shows how p relates the valve
noise to the resistance noise at room temperature :
eqn. 7 shows the simple relation between p and the
conveniently measured " weakening factor " F].
A general behaviour as regards the increase of p
with increasing effective voltage was established
for diodes [of very different types : Fig. 7, where
all the noise -factors p, plotted against U., show
more or less the same rising slope : see text on
p. 115, where also the special behaviour of small
(decimetric-wave) triodes is discussed]. The
differences in behaviour between diodes and triodes
were measured for very different valve types ;
explanation is sought in the already known manner
by splitting the anode current into a saturated
component and an unsaturated component.

" A theory of mixing noise is developed. The
noise sources appearing in the heterodyning process
are considered separately, starting on the one side
from the oscillator and on the other from the
mixing stage. The heterodyning noise was measured
both in the parallel and push-pull connections [of
the two halves of a duo -diode], whereby it was
shown that the oscillator generates a considerable
noise within the intermediate frequency [Fig. 15 :
the oscillator wavelength was 7 m, that of the i.f.
circuit 15o m]. The oscillator noise can, however,
be eliminated by the use of the push-pull connec-
tion. A simple calculation [eqns. 29 & 3o] shows
that the static noise of a valve in the self-excited
regime is increased thereby by a factor from 8-1o.

" Finally, the noise of [crystal] detectors is
investigated. It is found that the detector in the
static case and with small biasing voltages and
currents reaches the limiting value p=i ; that is
to say it behaves, as regards noise, as its internal
resistance at roam temperature. Thus for small
amplitudes the detector may be superior to the
diode as regards noise."

392. THE DIODE AS MIXING VALVE FOR DECI-
METRIC WAVES [Theory of Mixing Process in
Diodes : Description of Push -Pull Mixer -
Diode with Built -In Triode Oscillator System
(Min. Fundamental 36 cm) for Reception of
Wavelengths down to 9 cm : the Special
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Circuit (with h/4 Lecher Lines as Input &
Oscillator Circuits for Waves below 1 m) :
Special Plating of Contact Pins : etc.].-
M. J. 0. Strutt & A. van der Ziel. (E.T.Z.,
24th Sept. 1942, Vol. 63, No. 37/38, PP.
450-451: summary, from Philips tech.
Rundschau, Vol. 6, 1941, p. 2g9 onwards.)
Referred to in 391, above.

393. DEPARTURES FROM OHM'S LAW IN SOLIDS [and
the Existence in Crystalline & Isotropic
Solids of a Volume Effect obeying Neumann's
Hypothesis, with Resistance varying as a
Power Series in Components of Applied
Electrical Field : Experiments on Parallel
Crystal Plates of Carborundum, Zincite, &
Galena].-H. Osterberg. (Phys. Review,
isti15th Sept: 1942, Vol. 62, Nd. 5/6, p. 297
summary only.)

394. DIODE DETECTION AND SELECTIVITY.-O.
(Funktech. Monatshefte, April 1942,

No. 4, pp. 48-54.)
For previous work see 2398 of 1941 and 3243 of

1942. The present paper deals with :-equivalent
circuits : selectivity of the input circuit, neglecting -
the non-linear distortions : influence of the non-
linear distortions on the selectivity : the threshold
of the non-linear distortions : calculation of the
largest carrier ratio permissible without reduction
of selectivity : conclusions for practical design
purposes (including the rule, representing a com-
promise between the requirements of high amplifica-
tion, high selectivity, not -too -sharp cutting of the
high note -frequencies, and low distortion, that the

be about equal : 2RC=r'c'=rc, Where for instance
7=0.5-I megohm, C=50-100 pF).

February, 1943

H. Pitsch. (Funktech. Monatshefte, April
1942, No. 4, PP. 59-60.) Telefunken patent,
D.R.P. 703 347.

400. A CIRCUIT FOR AUTOMATIC FADING CONTROL
[Advantages of Diode over Triode, except
that It gives Smaller D.C. Potentials :
Method of amplifying These by the Subse-
quent Triode required for A.F. Amplifica-
tion].-W. Stoff. (Funktech. Monatshefte,
April 1942, No. 4, p. 6o.) D. S. Loewe
Company's patent, D.R.P. 696 188.

401. CIRCUIT FOR NEUTRALISING LOW -FREQUENCY
REGENERATION AND POWER -SUPPLY HUM
[in High -Gain' Multi -Stage Amplifiers :
Usual RC Decoupling Filters decrease in
Effectiveness at the Particularly Trouble-
some Lowest 'Frequencies : a Simple Bridge
Balancing Circuit effective at All Fre-
quencies].-Wen-Yuan Pan. (Proc. I.R.E.,
Sept. 1942, Vol. 3o, No. 9, pp. 411-412.)

402. SHUNT CONDENSER AERIAL COUPLING
[Valuable Properties : Use in Communica-
tion -Type Receivers] .-Amos. (See 422.)

403. HEARING, THE DETERMINING FACTOR FOR
HIGH-FIDELITY TRANSMISSION [Volume &
Frequency Ranges for Good Fidelity for
Music & Speech : Stereophonic System
improved by Three Channels : etc.].-
Fletcher. (See 451.)

404-

395. AN EVALUATION OF RADIO -NOISE -METER
PERFORMANCE IN TERMS OF LISTENING
EXPERIENCE [Statistical Investigation on 405.
3 Types of Meter and 3 Types of Noise (Motor,
Razor, & D.C. Relay)].-C. M. Burrill.
(Proc. Oct. 1942, Vol. 3o, No. ro,
Pla- 473-478.)

A summary was referred to in 1356 of 1941.
The need for more definite specification of the
transient characteristics of the a.v.c. circuit is
further discussed in the paper referred to in 2406
of 1942 : otherwise the Joint Coordination Com-
mittee's specification is found to be adequate.

396. SPARK -SUPPRESSION BY DRY -PLATE RECTI-
FIERS [for Preservation of Contacts & Preven-
tion of Interference].-Schmidt. (See 367.)

397. VIBRATOR WAVE -FORMS [and Their Import-
ance for the Life of the Vibrator].-S. L.
Robinson. (Electronic Eng.g, June 1942,
Vol. 15, No. 172, pp. 32-33.) Following on
1492 of 1942.

398. THE USE OF VACUUM TUBES AS VARIABLE
IMPEDANCE ELEMENTS [in Automatic Tuning,
etc.] .-Reich. (See 341.)

399 RECEIVER WITH " CRACK -KILLING " CIRCUIT
AND AUTOMATIC TUNING CORRECTION. -

406.

407.

A BROADCAST RECEIVER WHICH WILL NOT
RE -RADIATE [Nothing beyond
Distance of 25 Feet : primarily for Ship-
board Use].-(Sci. News Letter, 31st Oct.
1942, _Vol. 42, No. IS, p. 288: paragraph
only.)

CORRESPONDENCE ON " RECEIVERS FOR THE
TROPICS " [Experiences in Cuba : Corro-
sion as a Purely Electrochemical Process,
and a Suggested Solution of the Problem
of Its Prevention].-H. C. Schwalm : W. E.
Stewart. (Electronics, March 1942, Vol. 15,
No. 3, pp. 126-128.) See 91 of 1942.

MANUFACTURE AND SALE OF RADIO RE-
CEIVERS [Broadcast & Others : New
Prohibition of Materials].,-(Genie Civil,
15th Oct. 1942, Vol. 119, No. 23, p. 288.)

SUPERHETERODYNE RECEIVER TRACKING
[Editorial on Recent Papers].-G.W.O.H.
(Wireless Engineer, April 1942, Vol. 19,
No. 223, pp. 141-142.) The Payne -Scott
& Green paper particularly discussed has
since been reproduced in Wireless Engineer:
see 408, below.

408. SUPERHETERODYNE TRACKING CHARTS: I
& II . -A. L. Green : Ruby Payne -Scott
& A. L. Green. (Wireless Engineer, June
1942, Vol. 19, No. 225, pp. 243-25o : July
1942, No. 226, pp. 290-302.) Reprints
of papers dealt with in 87 & 1669 of
1942.
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409. SHORT-WAVE SPREAD BANDS IN AUTOMOBILE
AND HOME RECEIVERS [Recent Increased
Importance : Discussion of Gain & Selec-
tivity Characteristics of Simple Signal -
Frequency Circuits giving Good Perform-
ance with Short Aerials, and Oscillator
Circuits employing Few Switching Ele-
ments].-D. E. Foster & G. Mountjoy.
(Proc. I.R.B., May 1942, Vol. 3o, No. 5,
pp. 222-227.) A summary was referred
to in 1036 of 1942.

410. REMOTE ADJUSTMENT OF BROADCAST RE-
CEIVERS [Flexible Cable giving Three
Separate Adjustments, by Direct Twist,
by Central Bowden Wire, & by Hydraulic
Action of a Liquid contained in the Space
between Wire & Sheath] .-H. Munsch.
(Funktech. Monatshefte, April 1942, No. 4,
p. 6o.) A Blaupunkt patent, D.R.P.
705 421.

411. 1941 RADIO AUDIENCE STATISTICS [C.A.B.
Ratings of Programmes : Highest Ratings
of Previous Years about Doubled by
President's Speech : 20 Leading Evening
Programmes : etc.].-A. W. Lehman.
(Electronics, March 1942, Vol. 15. No. 3,
pp. 84, 86: sumniary only.)

412. " RADIO RECEPTION IN THEORY AND
PRACTICE " [Book Review].-V. K.
Saksena. (Proc. I.R.E., May 1942, Vol.
3o, No. 5, p. 258.) " A very satisfactory
introductory book."

AERIALS AND AERIAL SYSTEMS

413. ULTRA -HIGH -FREQUENCY ANTENNAS [Illus-
trated Account of " Zepp ", Coaxial, " J ",
" Q " (with Cage Transformer), " Delta ",
& Other Types, and Their Various Advan-
tages].-C. R. Stoll. (Radio [New York],
Oct. 1942, No. 273, pp. 9-1i.) " For
mobile use the Marconi type appears to
give slightly better results than the usual
half -wave ", provided it is worked against
a well -conducting metal surface.

414. PREVENTION OF ICE -FORMATION ON AERIAL
OF FREQUENCY -MODULATION STATION
W51R [Calrod Heaters built into Cross
Arms & automatically switched on in Sleet -
Forming Range of 28°-32°F].-(Gen. Elec.
Review, Sept. 1942, Vol. 45, No. 9, p. 537
paragraph only.)

415. AIRCRAFT ANTENNAS [for Frequencies
2-20 MO : the Icing Problem, & the
Influence of Wire Angle relative to Wind
Stream : the Use of Shunt -Fed Wing
Aerials : Impedance Characteristics of
Transverse, Longitudinal, & Shunt -Fed
Aerials : Dummy Aerials for Testing :
Trailing Aerials & Their Reel Mechanisms :
Radiation Test Towers : etc.].-G. L.
Haller. (Proc. I.R.E., Aug. 1942, Vol. 3o,
No. 8, pp. 357-362.)

87

416. DATA SHEETS XXXII & XXXIII l THE
INDUCTANCE OF SINGLE -LAYER SOLENOIDS
ON SQUARE AND RECTANGULAR FORMERS
[e.g. for Frame Aerials].-(Electronic Eng:g,
July 1942, Vol. 15, No. 173, pp. 65-68.)

417. THEORETICAL INVESTIGATIONS OF RADIATION
DIAGRAMS AND RADIATION RESISTANCE FOR
PROGRESSIVE WAVES OF VARIOUS PHASE
VELOCITIES.-W. Jachnow. (E.N.T., Aug.
1942, Vol. 19, No. 8, pp. 147-155.)

In certain cable and aerial problems account has
had to be taken of the difference between the
velocities of the waves along the wire and in the
surrounding medium, but even then the necessary
correction has only concerned the phase or wave-
length constant ; any influence that a difference in
velocities may have on the radiation diagram or the
radiation resistance has hitherto been neglected.
In the case of the Beverage aerial, where such a
difference is brought about artificially, the theo-
retical problem (as regards a receiving aerial, and
using cable theory) was dealt with in 1923 by
Beverage, Rice, & Kellog, by Busch, and by
Bethenod, with results which did not agree among
themselves. The present writer therefore gives a
more rigorous theoretical treatment of the effect
of different velocities, along the wire and in the
medium, on the radiation diagram and the radiation
resistance : for the sake of definite conditions of
current distribution, only a transmitting aerial is
considered.

From the known formula (eqn. I) for 4) (distant
field) based on a light -velocity c both along the
wire, and in the surrounding medium, the writer
arrives at eqn. 2 based on the light -velocity c in
the medium and a velocity v along the wire : in
this and the following equations, an, asterisk repre-
sents an " along -the -wire " value, so that, for
instance, A*A=v/c=k, where k may be less than,
equal to, or greater than unity. The equation
becomes greatly simplified (to eqns. 12 or 13,
according to whether n is even or odd, where

A*/2) when the length 1 of the radiator is a
complete multiple of the half -wavelength. Finally,
when the wire carries purely progressive waves of
the form i(x,t)-Iosinw (t-x 1v), the two alternative
equations 17a & b are obtained for 4) (the one
involving A and c/v, the other A* and v/c). From
this relation the radiation diagrams in free space
are calculated for- a progressive wave of half the
velocity of light, for values of n from I to 6, and
shown in Fig. 2 : as is obvious from the formula,
radiation disappears in. the direction of the wire
(8 o or n), and also in the vertical plane through
its mid -point (3=n/2) when n is even, whereas when
n is odd this vertical plane shows a maximum field -
strength. Comparison of Fig. 2 with Fig. 4 (which
represents the ordinary case where c and v are

-assumed equal) shows that the usual simple relatiori,
" number of half -wavelengths in the wire equals
half the number of lobes in the complete diagram,"
no longer applies : what is clear from Fig. 2 is that
the amplitude of the main lobe varies very little for
different wave -numbers //A* but that its angle to
the wire axis fluctuates between .40° and 9o° over
the wave -number range from j to 3.

Fig. 3 shows the similarly calculated diagram for
the case when v =2C : here the inclination of the
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principal lobe remains practically constant at 6o"
as the wave -number increases from I to 3, but its
amplitude increases rapidly (to about twice its value
at 4), the lobe being increasingly sharply concen-
trated : the subsidiary lobes are insignificant
throughout. For various values of civ, o, 4, i,
1.5, and 2, envelope curves derived from
sin 8/(cos 8- c/v), one of the two factors into which
eqn. 17 can be divided, are given in Fig. 5, and
provide a guide to the changing form of the radia-
tion diagram as the wave -number is changed : thus
for 0=2 the envelope is extremely flat, indicating
that the principal -lobe amplitude hardly varies for
different wave -numbers, as has been seen already.

The rest of the paper deals similarly with radia-
tion resistance, for which eqn. 27a is derived for
v<c, and eqn. 27b for v>c : by putting v=c in
this, the known formula (eqn. 26) for radiation
resistance is obtained. From these formulae the
curves of Fig. 9 are calculated, showing for v/c-- 4,
i, and 2 the variation of the radiation resistance
with increasing wave -number l/A*, while for the
particular case of //A*=2 the variation of radiation
resistance as a function of v/c is seen in Fig. io.
This curve shows particularly well the striking
sensitivity of the radiation resistance towards small
deviations bf the wire velocity from the space
velocity : a sensitivity which has already been seen
to apply also to the radiation diagram.

418. THE INCLINED RHOMBIC ANTENNA [for Reduc-
ing the Effect of Fading : Inclination im-
proves Response at both Low & High Angles
of Wave -Incidence : Derivation of Equations
for determining Inclination to yield Desired
Response Patterns].-C. W. Harrison, Jr.
(Proc. I.R.E., May 1942, Vol. 30, No. 5,
pp. 241-244:)

419. HORIZONTAL -POLAR -PATTERN TRACER FOR DI-
RECTIONAL BROADCAST ANTENNAS [Deriva-
tion of. Equations for Relative Field Strength
in Horizontal. Plane of 3 -Element Direc-
tional Arrays for Non -Symmetrical Patterns :
Mechanical Tracer automatically plotting
Horizontal Pattern for 2- or 3 -Element
Arrays].-F. A. Everest & W. S. Pritchett.
(Proc. I.R.E., May 1942, Vol. 3o, No. 5,
pp. 227-232.) A summary was referred to in
1054 of 1942.

42o. A MECHANICAL CALCULATOR FOR DIRECTIONAL
ANTENNA PATTERNS [for 2- or 3 -Element
Arrays : for Horizontal Patterns, and
Vertical Patterns when Aerial Heights are
Equal : Accuracy well within That of com-
mercial Field -Strength -Measuring Equip-
ment].-W. G. Hutton & R. M. Pierce.
(Proc. I.R.E., May 1942, Vol. 3o, No. 5,
pp. 233-237.) A summary was referred to -
in 1054 of 1942.

42t. CHARTS FOR THE DETERMINATION OF THEROOT-
MEAN-SQUARE VALUE OF THE HORIZONTAL
RADIATION PATTERN OF TWO -ELEMENT
BROADCAST ANTENNA ARRAYS [and the
Sleciai Properties -of an Array with 138°
Spacing].-K. Spangenberg. (Proc. I.R.E.,
May 1942, Vol. 3o, No. 5, pp. 237-240.)

February, 1943

422. SHUNT CONDENSER AERIAL COUPLING : AN
ANALYSIS OF THE CIRCUIT [Further Notes on
Circuit described by Sturley (3334 of 1941) :
Valuable Properties : Use in Communica-
tion -Type Receivers, "for Medium & Long
Waves].-S. W. Amos. (Wireless Engineer,
Dec. 1942, Vol. 19, No. 231, pp. 549-554.)

423. THE SELF -IMPEDANCE OF A SYMMETRICAL
ANTENNA [Extension of Hallen's Analysis
(2763 of 1939) by using his Formula for
Input Self -Impedance to determine Input
Resistance, Reactance, Impedance -Magni-
tude, & Phase Angle for Useful Range of
Values of h/A & a/A : by deriving an Expres-
sion for Max. Input Resistance : and by
obtaining Expressions for the Resonant &
Antiresonant Lengths].-R. King & F. G.
Blake, Jr. (Proc. I.R.E., July 1942, Vol. 3o,
No. 7, pp. 335-349.)

L -TYPE IMPEDANCE -TRANSFORMING CIRCUITS
[for Aerial/Feeder Matching, etc : the Eight
Po'ssible Combinations & Their Properties :
Design Curves : Illustrative Problems].-
P. H. Smith. (Electronics, March 1942,
Vol. 15, No. 3, pp. 48-52 and 54, 125.)

IMPEDANCE -MEASURING INSTRUMENT [pri-
marily for Matching Measurements on Direc-
tional Aerial Systems, where Current Distri-
bution must Not be Disturbed during the
Measurement : using Method based on
Measurement (by Valve -Voltmeter of Very
High Impedance) of Voltages created by
Insertion of Physically Small Low -Resistance
Series -Resonant Circuit].-C. E. Smith.
(Proc. I.R.E., Aug. 1942, Vol. 3o, No. 8,
pp. 362-364.)

426. HIGH -FREQUENCY ARTICULATED AIR -SPACED
CABLES AND VALVE CONNECTOR [" Co -ax "
Cables & (e.g.) Valve -Grid Connectors].-
Telequipment Company. (Journ. of Scient.
Instr., Dec. 1942, Vol. 19, No. 12, p. 188.).
See also 358o of 1942.

427. GROUND SYSTEM AT KMPC [North Hollywood,
Directional Aerial System].-(Radio [New
York], Oct. 1942, No. 273, pp. 16-17 and
38,30

424.

425.

VALVES AND THERMIONICS
428. ON THE EFFECT OF AN EXTERNAL ELECTRO-

MOTIVE FORCE ON THE OPERATION OF A
SPLIT -ANODE MAGNETRON.-Braude. (See
370.)

VELOCITY -MODULATING GRIDS : AN INVESTI-
GATION OF THEIR ACTION BY MEANS OF
ANALYSIS AND GRAPHICAL METHODS.-
Kompfner. (See 369.)

THE DIODE AS MIXING VALVE FOR DECI-
METRIC WAVES.-Strutt & van der Ziel.
(See 392.)

THE NOISE OF DIODES AND [Crystal] DETEC-
TORS IN THE STATIC AND DYNAMIC REGIMES.
-Matare. (See 391.)

429.

430.

431.
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432. TRIODES WITH SQUARE -MESH GRIDS: CALCU-
LATING THE AMPLIFICATION FACTOR [Grave
Analytical Difficulties even with Simplifying
Assumptions : Empirical Result (based on
Electrostatic - Screening - Effect Measure-
ments) that Square -Mesh Grid is Equivalent
to Grating of Parallel Circular Wires with
Pitch o.6 Times the Pitch of the Mesh].-
C. C. Eaglesfield. (Wireless Engineer, Oct.
1942, Vol. 19, No. 229, pp 447-450.) From
the Mullard laboratories. See also 433, below.

433. THE EQUIVALENCE OF PARALLEL -WIRE AND
SQUARE -MESH GRIDS.-G. W. 0. H : Eagles -
field. (Wireless Engineer, Oct. 1942, Vol. 19,
No. 229, pp. 443-446.) Editorial on 432,
above, giving an analytical mode of attack
(already used in 1915 for the calculation of
aerial capacitance : see footnote " r ")
leading to the same result as Eaglesfield's
experimental method.

434. SPECIALLY STEEP -SLOPE TRIODE WITH CEN-
TRAL FLAT -PLATE ANODE IN SAME PLANE
AS, AND BETWEEN, TWO PARTS OF FILAMENT,
ALL ENCLOSED IN OVAL CONTROL ELEC-
TRODE.-K. Zwirner. (Funktech. Monats-
hefte, May 1942, No. 5, p. Tobis
Patent, D.R.P. 667 682.

435. THE CHARACTERISTIC CURVES OF THE TRIODE
[Simple Scheme by which Complete Static
Curves of a Power Triode can be derived by
Extrapolation,from only Three Curves (Grid -
Current, Plate -Current, Total -Current), ob-
tained by Ordinary D.C. Methods at Low
Power without Danger of Overheating : and
a Simplified Method of Presentation of the
Entire Set of Curves, using a New Log -Log
Chart].-E. L. Chaffee. (Proc. I.R.E.,
Aug. 1942, Vol. 3o, No. 8, pp. 383-395.)

436. TRACING VALVE CHARACTERISTICS, USING THE
CATHODE-RAY OSCILLOGRAPH.-G. Bocking.
(Wireless Engineer, Dec. 1942, Vol. 19,
No. 231, pp. 556-563.)

" The tracing of the characteristics of valves of
all classes [and not merely the high -dissipation types
operating under positive -grid conditions, for which
various c.r.o. techniques have been developed in
order to avoid damage to the valves] by means of
the c.r.o. now offers such an increase in convenience
and so little difficulty of construction and loss of
accuracy. that suitable apparatus should be a
standard piece of equipment in every laboratory."
The writer deals both with the " continuous -trace "
and " scan " (stroboscopic) methods, and includes
the description of an equipment on the former
principle, giving Ea/I. and Eglia curves for all
types of valve up to an anode dissipation of
15 watts.
437. CLASS C TELEGRAPHY THE GRAPHICAL DE-

TERMINATION OF OPTIMUM OPERATING CON-
DITIONS FOR TRANSMITTING VALVES [Part I-
Rules & Graphs : Part II-Theoretical
Derivation of the Formulae & Curves].-
D. G. Prinz & R. G. Mitchell. (Wireless
Engineer, .Sept. 1942, Vol. 19, No. 228,
pp. 401-407.) From the. M.O. Valve Com-
pany's research staff.
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438. THIRTEEN WAYS TO PROLONG [Transmitting]
TUBE LIFE.-Heintz & Kaufman, Ltd.
(Radio [New York], Oct. 1942, No. 273,
pp. 15-16.) .

439. WATER AND FORCED -AIR COOLING OF VACUUM
TUBES: NON -ELECTRONIC PROBLEMS IN
ELECTRONIC TUBES [Attempt to give a
Common Basis for analysing & comparing
Practical Results obtained by Various
Experimenters : Better Behaviour of Air -
Cooled Valves as regards Arc -Back : Other
Advantages & Disadvantages : Possibilities
of Aluminium Air -Coolers : etc.].-I. E.
Mouromtseff. (Proc. I.R.E., April 1942,
Vol. 3o, No. 4, pp. 190-205.)

440. " FUNDAMENTALS OF VACUUM TUBES : SECOND
EDITION " [Book Review].-A. V. Eastman.
(Proc. I.R.E., May 1942, Vol. 30, No. 5,
pp. 257-258.)

441. ARMY-NAVY PREFERRED. LIST OF VACUUM
TUBES [Official Notice].-(Radio [New York],
Oct. 1942, No. 273, pp. II and 38.)

THE USE OF SECONDARY ELECTRON EMISSION
TO OBTAIN TRIGGER OR RELAY ACTION
[similar to That of a Thyratron but capable
of Much Higher 'Operating Speeds].-A. M.
Skellett. (Phys. Review, 1st/15th Sept. 1942,
Vol. 62, No. 5/6, p. 296: summary only.)

RANGES OF SECONDARY ELECTRONS IN MAG-
NESIUM [by Measurements, with High- .

Energy Primary Electrons, of S.E. Ratio 6
as Function of Layer Thickness : with a
Section on Electron Ranges in High -Yield
Surfaces and the Effect of Oxygen in pro-
ducing Good Secondary Emitters].-R.
Truell. (Phys. Review, istl15th Oct. 1942,
Vol. 62, No. 7/8, pp. 340-348.)

PHYSICAL FOUNDATIONS OF RADIO: IV-
COMPOSITE CATHODES, PHOTOSENSITIVE SUR-
FACES, COLD EMISSION [including Thin-Filia
Field Emission (Malter Effect)].-M. John-
son. (Wireless World, Dec. 1942, Vol. 48,
No. 12, pp. 291-293.)

ON THE DISTRIBUTION OF VELOCITIES IN
FIELD -EMISSION ELECTRONS.-G. Richter.
(Zeitschr. f. Phys., 8th Sept. 1942, Vol. 119,
No. 7/8, pp. 406-414.)

The electrons extracted from cold metals in a
vacuum by high fields possess, like thermionic
electrons, no single velocity either in magnitude or
direction. The velocity distributions normal and
tangential to the emitting surface both have their
influence on, for instance, the determination of the
best possible resolving power of a field -emission
electron microscope.

Author's summary :-" The velocity distribu-
tions normal and tangential to the emitting surface
are derived from field -emission theory. The half -
value width of the energy distribution in the former
case is found to be about three times as great as
in the latter, and for practically attainable field -
strengths is of the order of a few tenths of an
electron -volt. Measurements so far available, on

442.
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the other hand, show a distribution width about ten
times greater.  This great expansion of width com-
pared to the theoretical value is probably to be
attributed to errors due to field distortions in the
experimental arrangement," the various possible
distortions being dealt with in turn.

446. CONTACTS BETWEEN METALS AND BETWEEN A
METAL AND A SEMICONDUCTOR [Quantitative
Development of the Kunming Researches
(2501 of 1942) : Classical Treatment with
help of Results of Wave -Mechanical Theory
of Electron Energy States in Solids : Quali-
tative Treatment of Body in Vacuum and of
Two Bodies separated by a Gap].-H. Y.
Fan. (Phys. Review, Istl15th Oct. 1942,
Vol. 62, No. 7/8. pp. 388-394.)

447. RATE OF CRYSTAL GROWTH IN DRAWN
TUNGSTEN WIRES AS A FUNCTION OF
TEMPERATURE [observed by way of the
Thermionic Emission Pattern].-C. S. Robin-
son, Jr.  (Journ. Applied Phys., Oct. 1942,
Vol. 13, No. ro, pp. 647-651.)

DIRECTIONAL WIRELESS
448. IRON -CORED D.F. LOOP [from German Air-

craft : with Photograph].-(Wireless Engi-
neer, Aug. 1942, Vol. 19, No. 227, p. 350,)
Giving an increase of ro db over its air -cored
equivalent : cf. 2389 of 1942.

449. GERMAN AIRCRAFT RADIO [Illustrated, from
Official Reports : including Emergency
Equipment].-(Electronic Eng.g, June 1942,
Vol. 15, No. 172, pp. 8-12 and 36.)

450. AIRCRAFT RADIO COMMUNICATIONS [Two -Way
Communications, En Route Navigation,
Instrument Landing : Aerials : Table of
Weights : etc.].-H. K. Morgan. (Journ.
Roy. Aeron. Soc., Dec. 1942, Vol. 46, No. 384,
Abstracts p. 483.)

451
ACOUSTICS AND AUDIO -FREQUENCIES
HEARING, THE DETERMINING FACTOR FOR

HIGH-FIDELITY TRANSMISSION [Substantially
Complete Fidelity for Orchestral Music given
by Volume Range of 65 db & Frequency
Range 6o -800o c/s : for Speech, 4o db &
roo-7000 c/s : Stereophonic System
(2 -Channel) up to 5000 c/s preferred to
Single -Channel up to 15 000 c/s : Improve-
ment in Stereophonic System by using
3 Channels].-H. Fletcher. (Proc. I.R.E.,
June 1942, Vol. 3o, No. 6, pp. 266-277.)

452. THE TECHNICAL BASIS OF SOUND REPRODUC-
TION [and the Work of the Apparatus
Approval Committee of the Central Council
for School Broadcasting].-L. E. C. Hughes.
(Nature, 28th Nov. 1942, Vol. 15o, pp. 629-
630.) Summary of Brit.I.R.E. paper.

453. PROBLEMS OF CONTRAST COMPRESSION [General
Considerations leading to the " Ideal "-Com-
pression Characteristic : etc.].-Hildebrand.
(See 604.)

February, 1943

454. A FREQUENCY -MODULATED REPRODUCTION
CONTROL FOR SOUND FILMS [Volume,Expan-
sion at Desired Points by F.M. Control
Track on Movietone Prints].-J. G. Frayne &
F. P. Herrnfeld. (Electronics, March 1942,
Vol. 15, No. 3, pp. 88 and 92, 94.)

455. RADIO BIBLIOGRAPHY : FILTERS, EQUALISERS,
NETWORKS : ACOUSTICS, LOUDSPEAKERS
[and List of Previous Subjects].-F. X.
Rettenmeyer. (Radio [New York], Oct.
1942, No. 273, pp. 26 and 29..40.)

456. DIVIDING NETWORKS FOR TWO-WAY HORN
SYSTEMS [Complementary Loudspeakers
covering Modern Wide Range of Frequencies:
Choice of Crossover Frequency : Comparison
of M -Derived & Constant -Resistance Types
of Network : Design Data (and Air -Core
versus Iron -Core Coils : Satisfactory Solution
of Iron -Core Difficulties) : Intermodulation
Test for Distortion : etc.].-C. A. Campbell.
(Communications, June 1942, Vol. 22, -No. 6,
pp. 14, 16, 21, 29, and 34.)

457. " ELECTROMECHANICAL TRANSDUCERS AND
WAVE FILTERS " [Book Review].-W. P.
Mason. (Journ. Applied Physics., Oct. 1942,
Vol. 13, No. ro, p. 644.)

458. RECORDING AND REPRODUCING STANDARDS
[N.A.B. Committee's " Technical Standards
and Good Engineering Practices " for Elec-
trical Transcriptions & Recordings for Radio
Broadcasting].-L. C. Smeby. (Proc. I.R.E.,
Aug. 1942, VOL 30, No. 8, pp. 355-356.)

459. EMBOSSED GROOVE RECORDING [Simplicity of
Operation (No Chip to be removed : No
Change of Stylus) : Inexpensive Records
which may be Filed or Mailed : Poorer
Fidelity & Smaller Volume Range than
Cutting Process, but Eminently Suitable for
Office Dictating Machines, etc.].-L. Thomp-
son. (Electronics, March 1942, Vol. 15, No. 3,
pp. 3o-33 and 76, 78.) From- the Sound -
Scriber Corporation.

460. " FUN WITH A RECORDER : HOW TO MAKE
.GOOD RECORDINGS " [including " 30 Most
Intriguing Audio -Scripts " : Book Review].
-Audio Devices. (Electronics, March 1942,
Vol. 15, No. 3, p. 56.)

461. HOW RECORDINGS ARE MADE : NO. 4-PLAY-
BACK.-C. B. De Soto. (QST, Oct. 1942,
Vol. 26, No. 10, pp. 54-59 and 114 ..118.)

462. THE JENSEN CONCERT NEEDLE [for Long Life,
Fidelity, and Reduced Scratch- & Wear :
Bent & Flattened End with Wear -Resisting
Tip].-P. L. Jensen. (Radio [New York],
Oct. 1942, No. 273, pp. 24 and 41.)

CORRECTIONS TO " SUPER-CARDIOID DIREC-
TIONAL MICROPHONE."-B: B. Bauer. (Elec-
tronics, March 1942, Vol. 15, No. 3, p. 94.)
See 2696 of 1942.

463.
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DISCUSSION ON " DISTORTION TESTS BY THE
INTERMODULATION METHOD " [particularly
the Success of the Method in Researches on
Electronic Musical Instruments].-B. F.
Miessner : Hilliard. (Proc. I .R.E., Sept.
1942, Vol. 3o, No. 9, p. 429.) For Hilliard's
paper see 1709 of 1942.

465. HARMONIC ANALYSIS OF WAVES' CONTAINING
ODD AND  EVEN HARMONICS [Extension of
Author's 192o Method to include Even
Harmonics & D.C. Component : Measure-
ments of Amplitudes at 3o° Intervals :
Tables].-P. Kemp. (Electronic Eng:g, June
1942, Vol. 15, No. 172, pp. 13-18.)

466. AN EVALUATION OF RADIO -NOISE -METER
PERFORMANCE IN TERMS OF LISTENING
EXPERIENCE.-BUITill. (See 395.)

467. THE HEWLETT-PACKARD RESISTANCE -TUNED
OSCILLATOR [Four Models, including Model
200D, 7 c/s to 7o kc/s].Leland Instruments.
(Electronic Engrg, June 1942, Vol. 15, No. 172,
p. 38.)

468. DESIGNING A RESISTANCE-CAPACITY OSCIL-
LATOR COVERING FREQUENCIES FROM 40 TO
13 000 c/s IN FOUR RANGES.-Whitehead.
(See 366.)

469. A NOTE ON R-C OSCILLATORS [Supplementary
Remarks on Bacon's Paper].-Tucker. (See
512.)

470. THE VIBRATION CHARACTERISTICS OF NEARLY
COMPLETE, " FREE -FREE " CIRCULAR RINGS
[of Piston -Ring Shape].-F. P. Bundy &
C. W. Bankes. (Journ. Applied Phys., Oct.
1942, Vol. 13, No. ro, pp. 652-662.)

471

472.

473.

THE REDUCTION OF NOISE IN ROOMS, DIMINU-
TION OF ITS INTERFERING ACTION IN TELE-
PHONY, AND IMPROVEMENT OF AUDIBILITY
IN Rooms [General Theoretical Foundations :
Measurements on Absorbent Materials
(" Akustikplatte," " Ravolitplatte," etc.) :

Practical Measures taken by German Post
Office : etc.].-K. Braun & P. Just. (T.F.T.,
April 1942, Vol. 31, No. 4, pp. 91-103.)

ADVANCES IN ACOUSTICAL TREATMENT AT NEW
N.B.C. Srunios.--(Electronics, March 1942,
Vol. 15, No. 3, pp. 34-35.)

THE OPTICS OF SUPERSONIC WAVES, AND
SUPERSONIC IMAGES [Problem of Vision
through Opaque Media : Further Develop-
ment of Pohlman's Technique (196 of 194o)
by Use of Quartz -Plate Receiver & Valve
Amplification : Some Experimental Results :
Possible Applications]. -0. Barbier. (Alta
Frequenza, Aug./Sept. 1942, Vol. ri, No. 8/9,
PP. 383-396-)

PHOTOTELEGRAPHY AND TELEVISION

474. ERRORS IN THE DEFLECTION OF A CATHODE-
RAY BEAM BY DEFLECTING SYSTEMS OF
SINGLE SYMMETRY [and the Possibility of

Their Employment in correcting Distortion
in Television Pick -Up Tubes & Projecting
Tubes with Slanting Screens].-G. Wendt.
(Zeitschr. f. Phys., 8th Sept. 1942, Vol. 119,
No. 7/8, pp. 423-462.)

The commercial cathode-ray tube generally
employs for its ray deflection a deflecting field
which is symmetrical to two planes passing through
the tube axis and perpendicular to each other
(Fig. I) : these are fields with " double symmetry."
For certain practical purposes, however, fields are
used which have only one plane of symmetry : this
plane may lie either in the deflecting direction of
the field (Fig. 2) or at right angles to it (Fig. 6).
It is such deflecting fields of " single symmetry '
that are examined here. It is first pointed out that
electrostatic deflecting fields may be of single.
symmetry even though the shape and disposition
of the plates are of double symmetry : it is only
necessary, for this to occur, for the deflecting
potentials applied to them to be " asymmetrical
in the sense of cathode -ray -tube technique.

The properties of an ideal deflection, namely a
deflection -increase strictly proportional to the
deflecting potentials or currents and a spot which
is undistorted throughout the deflection, cannot be
maintained over large deflections : " deflection
errors " occur. These have already been calculated
and discussed for doubly -symmetrical fields (see
Picht & Himpan, 3091 of 1941, and the refer-
ences to Wendt and Glaser there given). The
calculation for singly -symmetrical fields is now
given in Part A, for the case where the plane of
symmetry lies in the deflection .plane and for the
case where it is at right angles to it. Both electro-
static and magnetic fields are considered. The first
approximation of this calculation shows the errors
as second -order errors," in contrast to doubly -
symmetrical fields, where " third -order errors "
appear : the two types of second -order deflection -
errors are astigmatism and raster -distortion (" Ver-
zeichnung "), an example of the latter being
trapezoidal distortion.

This trapezoidal distortion has useful possi-
bilities. In storage -type television pick-up tubes
and in " Aufsichtsrohren " (c.r. tubes for television
projection, having the c.r. axis oblique to the
fluorescent screen) the desired rectangular scanning
raster produced by doubly -symmetrical deflecting
organs becomes a trapezoid. Correction of this
effect by modification of the saw -tooth deflecting 
voltages involves a considerable expenditure in
apparatus, and it would be yery desirable to carry
out the correction, instead, by utilising the trapez-
oidal second -order distortion given by a singly -
symmetrical deflecting system. This problem is
considered on pp. 443-455, the two possible arrange-
ments being seen in Fig. 1o.

In cathode-ray oscillographs, also, the second -
order errors play an important role, because it is
often desirable, for circuit simplification, to connect
one plate of each deflecting system to the last anode.
This turns the deflecting fields into fields of single
symmetry, so that second -order errors appear.
On pp. 456-461 the ,question is examined of
how far it is possible to eliminate these distortions
by giving the plates a corresponding singly -sym-
metrical form.
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475. THE RELATIVE SENSITIVITIES OF TELEVISION
PICK -UP TUBES, PHOTOGRAPHIC FILM, AND
THE HUNAN EYE [" True " & " Operating "
Sensitivities for All Three : Comparison with
an Ideal Picture -Reproducing Device].-
A. Rose. (Proc. I.R.E., June 1942, Vol. 3o,
No. 6, pp. 293-300.) A summary was
referred to in r roc) of 1942.

476. THE ELECTROPLANE CAMERA [for Great Depth
of Field].-Smith-Dieterich Corporation.
(See 668.)

TRANSIENTS IN FREQUENCY MODULATION [Of
Particular Importance for F.M. Applications
such as Television Synchronising Signals).-
Salinger. (See 384 . )

ANALYSIS, SYNTHESIS, AND EVALUATION OF
THE TRANSIENT RESPONSE OF TELEVISION
APPARATUS.-A. V. Bedford & G. L.
Fredendall. (Proc. I.R.E., Oct. 1942,
Vol. 3o, No. to, pp. 440-457.)

A summary was referred to in 1104 of 1942. " For
the purpose of simplifying the passage between sine -
wave response and transient response [response to
a Heaviside unit voltage], and interpreting the
latter, we present below : (1) a graphical -chart
method for analysing the response of a system to a
square -wave input signal to obtain the sine -wave
phase and amplitude characteristics ; (2) a
graphical -chart method for synthesising the
response to a square wave from the sine -wave phase
and amplitude characteristics ; (3) a method for
evaluating the mean steepness of a transient -
response wave in terms of the width of blur produced
in a television image by a wave which is similar
in its visual effect and which has a linear change
from one level to another ; and (4) suggestions for
the supplementing of sine -wave measurements by
transient measurements " [see 479, below].

477.

478.

479. A PORTABLE HIGH -FREQUENCY SQUARE -WAVE
OSCILLOGRAPH FOR TELEVISION [by which a
Square -Wave (too kc/s) Response may be
Viewed as a Dotted Wave and Recorded' as
a Series of Readings : Synchronous Sweep &
Timing Dots derived from Square -Wave
Response of Apparatus under Test].-R. D.
Kell, A. V. Bedford, & H. N. Kozanowski.
(Proc. I.R.E., Oct. 1942, Vol. 3o, No. lo,
pp. 458-464.) Primarily for use in connec-
tion with 478, above.

480. TELEVISION WAVE -FORMS : AN ANALYSIS OF
SAW -TOOTH AND RECTANGULAR WAVE-
FORMS ENCOUNTERED IN TELEVISION AND
CATHODE -RAY -TUBE PRACTICE, and DATA
SHEETS XXIX-XXXI.--C. E. Lockhart.
(Electronic Eng:g, June 1942, Vol. 15,
No. 172, pp. 19-22: pp. 2226.)

481. COLOUR TELEVISION : PART I [Requirements :
Five Alternative Systems, and Reasons for
Columbia Broadcasting System's Choice :
General Theory of Colour Television (Colour,
Flicker, Electrical Characteristics) : Studio
Equipment : Receiving Equipment : Patents
& Literature References].-P. C. Goldmark,
J. N. Dyer, E. R. Piore, & J. M. Hollywood.

February, 1943

(Proc. I.R.E., April 1942, Vol. 3o, No. 4,
pp. 162-182.) See also 804 of 1941 and
back reference.

482. TRANSMITTING EQUIPMENT FOR TELEVISION
REPORTING : II (CONTD.). - H. Weber.
(Funktech. Monatshefte, April 1942, No. 4,
Supp. pp. 13-19.) For other parts see
2412 & 3312 of 1942, and August issue,
No. 8, Supp. pp. 25-28.

483. TELEVISION : AN AGENCY FOR PREPAREDNESS
[New York A.R.P. Training Service, etc.] :
WITH A SUMMARY OF SIX MONTHS OF COM-
MERCIAL OPERATION [and Some Results of
Questionnaires to Owners of Receivers :
Advertising Rates : etc.].-N. E. Kersta.
(Electronics, March 1942, Vol. 15, No. 3,
pp. 26-29 and 116..124.) See also 3635 of
1942.

484. SOUND RECEIVER FOR TELEVISION PRO-
GRAM MES.-Kinne. (See 382 . )

485. AUTOMATIC RECORDING : THE RAPID DRAW-
ING OF LIGHT -SENSITIVE -CELL CHARACTER-
ISTIC CURVES ACCOMPLISHED AUTOMATICALLY
BY THE PHOTOELECTRIC RECORDER.-H. T.
Wrobel. (Gen. Elec. Review, Oct. 1942,
Vol. 45, No. to, pp. 585-587.) For the high-
speed recorder used see Clark, 3456 of 1942.

486. STANDARDS ON FACSIMILE : DEFINITIONS OF
TERM S. -I R.E. (Proc. I.R.E., July 1942,
Vol. 3o, No. 7, Part IV, 6 pp.)

487. SOLUTIONS FOR ELECTROCHEMICAL RECORDING
[Twelve Thiosulphate Solutions (based on
Five Stock Solutions) with Varying Charac-
teristics as to Tone Gradation, Resistance,
etc.].-Ch. P. Fagan. (Journ. of Scient.
Instr., Dec. 1942, Vol. 19, No. I2, pp. 184-
185.)

MEASUREMENTS AND STANDARDS

488. REMINISCENCES OF AN INSTRUMENT MAKER. -
R. S. Whipple. (Journ. of Scient. Instr.,
Dec. 1942, Vol. 19, No. 12, pp. 178-183.)

WAVELENGTH MEASUREMENTS OF DECIMETRIC,
CENTIMETRIC, AND MILLIMETRIC WAVES.-
A. G., Clavier. (Elec. Communication, No. 4,
Vol. 20, 1942, pp. 295-304.) An article
prepared before September 1939 but not
published.

490. A FREQUENCY -MODULATION STATION MONITOR
' -Summerhayes. (See 595.)

491. THE ZERO -BEAT METHOD OF FREQUENCY
DISCRIMINATION [for Frequency -Modulated
Transmitters].-Sheaffer. (See 374.)

492. A NEW DIRECT CRYSTAL -CONTROLLED OSCIL-
LATOR FOR ULTRA -SHORT-WAVE FREQUEN-
CIES.-Mason & Fair. (See 371.)

493. A SECONDARY FREQUENCY STANDARD USING
REGENERATIVE FREQUENCY -DIVIDING CIR-
CUITS [5 Mc/s, I Mc/s, 500 kc/s, & roo kc/s,
all from 5 Mcis Crystal Oscillator (continu-

489.
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ously monitored, if Max. Accuracy is desired,
against WWV's 5 Mc/s Transmission) : Ad-
vantages of Frequency Division over Multi-
plication : etc.].-F. R. Stansel. (Proc.
I.R.E., April 1942, Vol. 3o, No. 4, pp. 157-
162.)

A DETERMINATION OF THE ELASTIC CONSTANTS
OF BETA -QUARTZ [New Technique for Quick
Location & Measurement of Weak Resonance
Points of a Piezoelectric Plate : Resonator
driven by Frequency -Modulated Carrier,
C.R.O. Recording : Approximate Theory of
Quartz -Resonator Response to a F.M. Input :
etc.].-E. W. Kammer & J. V. Atanasoff.
(Phys. Review, istli 5th Oct. 1942, Vol. 62,
No. 7/8, pp. 395-400.)

BALL ANVIL FOR USE ON THE SCHERR COM-
PARITOL FOR INSPECTION AND MEASUREMENT
OF EXTREMELY THIN WORK [Crystals,
Shims, etc.].-George Scherr Company.
(Radio [New York], Oct. 1942, No. 273,
p. 24.)

496. DIRECT FREQUENCY MEASUREMENTS : FEATUR-
ING AN AUXILIARY OSCILLATOR OF UNIQUE
DESIGN FOR INTERPOLATION [for Carrier -
Frequency Measurements within F.C.C.
Tolerance : also as Driver for R.F. Bridges,
Lining -Up of Tuned Circuits, etc].-D.
Langham. (Communications, June 1942,
Vol. 22, No. 6, pp. 5-7.)

MEASUREMENT OF FREQUENCIES BELOW 15
KILOCYCLES PER SECOND [Survey of Methods,
for Frequencies down to 0.2 C/S : including
Robinson's Direct -Reading Meter based on
Wien Bridge].-J. E. Thwaites & F. J. M.
Laver. (Electronic Eng:g, May 1942,
Vol. 14, No. 171, pp. 767 and 77o.) Abstract
of part of an I.E.E paper. For a correc-
tion to a diagram see June issue, p. 4o.

498. THE VIBRATION CHARACTERISTICS of NEARLY
COMPLETE, " FRKE-FREE " CIKCULAR RINGS
[of Piston -Ring Shapel.-F. P. Bundy &
C. W. Bankes. (Journ. Applied Phys., Oct.
1942, Vol. 13, No. IO, pp. 652-662.)

499. INSTRUMENTS : TEST AND MEASURING GEAR
AND ITS USES : VIII-MULTIVIBRATORS.-
W. H. Cazaly. (Wireless World, Dec.
1942, Vol. 48, No. 12, pp. 294-297.) Correc-
tions to Part VI (3742 of 1942) are given on
p. 297.

500. DATA SHEETS XXXII & XXXIII : THE IN-
DUCTANCE OF SINGLE -LAYER SOLENOIDS ON
SQUARE AND  RECTANGULAR FORMERS [e.g.
for Frame Aerials].-(Electronic Eng:g,
July 1942, Vol. 15, No. 273, pp. 65-68.)

501. IMPEDANCE -MEASURING INSTRUMENT [primar-
ily for Matching Measurements on Direc-
tional Aerial Systems].-Smith. (See 425.)

502. ON THE DIRECT MEASUREMENT OF THE TOTAL
TRANSMISSION EQUIVALENT (ATTENUATION
EQUIVALENT) AND PHASE CONSTANT OF
LINEAR SYMMETRICAL QUADRIPOLES [e.g.

407.
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Wide -Band Cables] WHEN THERE IS UNDER -
MATCHING AT THE OUTPUT TERMINALS.- 
H. Langer. (T.F.T., April 2942, Vol. 31,
No. 4, pp. 115-119.)

The indirect method of determining the attenua-
tion equivalent b, from the open -circuit and short-
circuit input impedances, becomes inaccurate for
the higher values of b (in practice when b >

neper). On the .other hand the direct method
of determination, from measurement of the
voltage or current transformation, loses its
accuracy at low values of attenuation : eqn. 15
gives errors of nearly 1 to 4% for attenuation
equivalents from I.o to o.oz neper, for a 2%
matching error. " It is here shown how, starting
with a deliberate under -matching, the simultaneous
measurement of the input voltage and of the input
and output currents will give a good practical
determination of the attenuation equivalent and
phase constant of a wide -band cable in the region
of low attenuation . . . The accuracy will
depend on the error' limits of the thermoelectric
current and voltage meter employed and on the care
taken in the carrying out of the measurement.. ."

503. A PORTABLE HIGH -FREQUENCY ANALYSER
[e.g. for Carrier & Sidebands : on Gnitz-
macher Exploring -Note Principle].-
H. Brauner. (T.F.T., April 1942, Vol. 31,
No. 4, pp. 109-1i2.)

Made pp of two cases, one containing the explor-
ing -note generator, with its clockwork -driven
condenser and low-pass filter, the other the output
amplifier : each contains its own mains unit. An
additional external recorder is employed. The
filter is made of RC sections and has a pass band of
about 90 c/s which can be varied (and the flank
steepness also) by a potentiometer -controlled back -
coupling : the result is an excellent filter weighing
far less and occupying much less space than an LC
network. At the input of the output amplifier a
switch enables a I : I or a 3: I sensitivity to be
selected : often the carrier amplitude is much larger
than that of the sidebands and it is desirable, for
greater accuracy, to use the position for the
carrier and then to change over (without affecting
the course of the test) to the 3 : I position.

504. DISCUSSION ON " DISTORTION TESTS BY THE
INTERMODULATION METHOD.''-Miessner:
Hilliard. (See 464.)

505. THE INFLUENCE OF THE CONNECTING LEADS
IN THE MEASUREMENT OF HIGH -FREQUENCY
VOLTAGES.-J. G. Lang. (Funktech. Monats-
hefts, April 1942, No. PP. 45-47.)

Analysis leading to approximate formulae and
general conclusions. To keep down the error due
to the leads the main thing to do is to make the
length very short compared with the wavelength.
A ratio i/A of 0.01-0.02 gives a " negligible " error
of 1-2%, so that for Io MO the leads may be
30-40 cm long. So long as A is greater than Tool,
the leads should be made as low -capacity as possible
(thin wire, large spacing between the leads and from
earth) so as to keep down the loading of the measur-
ing point, which consists mainly of the sum of the
lead capacitance C and that of the input circuit of
the voltmeter, K. When, especially at frequencies
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above 3o Mc/s, it is no longer possible to make the
lead -length small enough, efforts must be made to
keep down the ratio K/C. One way of doing this
is to make C large, but this raises the loading of
the measuring point and gives rise to errors. A
better way is to make K small, by using a low -
capacity diode, keeping the connection to it as
short and free from capacitance as possible, and
transferring the charging or blocking condenser to
the cathode lead to earth, where it can be made
large enough to extend the range of the voltmeter
into the 1.f. region. The leak resistance also must
be as low -capacity as possible, and be mounted
close to the valve. A compromise between the
contradictory aims of keeping the frequency error
due to K/C small by making C greater than K, and
of keeping down the measuring -point loading, is
reached for the cases when //A > o.oi-o.o2 by
choosing the leads so that C=K. Formulae are
given for the capacitances of a single -pole con-
nector, a concentric lead, and a two -wire lead with
spacing much greater than the wire -diameter, so
that from this C ---K relation the required lead -
length can be calculated.

Fig. 3 shows the percentage measuring error
p [ioo(u4-1I1)iu, %] as a function of i/A up to
0.12 for seven values of K/C from o to 1.5, the
scales being so chosen that the error curves take
the form of straight lines through zero. Finally a
simple equivalent diagram for the leads, as regards
the voltage ratio Ili/112 only, is discussed (Fig, 4) :
this represents the leads as a circuit made up of
their whole inductance and the half -capacitance
effective at the voltmeter terminals : the input
capacitance of the voltmeter comes in parallel to
the C/2. The circuit holds good so long as //A is
not greater than o.i, but only for the calculation of
the voltage relations : it would give wrong results
in calculating the loading resistance as offered to
the object under test : this point is discussed in the
final column.
506. AN ELECTRONIC POTENTIOMETER [a De-

generative, Slide -Back, Triode Voltmeter
combining Advantages of both D.C. Slide -
Back & Degenerative Voltmeters : Great
Accuracy (to Four. Significant Figures) over
Whole Range o-ioo Volts : usable also as
D.C. Ammeter (with Shunts) and as R.F.
Voltmeter & Ammeter (with Diode Volt-
meter)].-M. A. Honnell. (Proc. I.R.E.,
Oct. 1942, Vol. 30, No. io, pp. 433-436.)

507. STANDARDS ON RADIO WAVE PROPAGATION :
MEASURING METHODS.-I.R.E. (See 325.)

508. A UNIVERSAL VALVE VOLTMETER WITH
LINEAR SCALE [Cathode -Follower, as an
Extreme Form of Negative Feedback, par-
ticularly Valuable in production of Highly
Stable Valve Voltmeter, less Sensitive but
more nearly Linear than Usual Types :
Unsuitability of Latter for D.0 : a Modified
Cathode -Follower Circuit specially suitable
for D.C.].-W. F. Lovering. (Phil. Mag.,
Nov. 1942, Vol: 33, No. 226, pp. 844-846.)

569. A NEW LARGE TEST DESK FOR THE D.C.
COMPENSATION METHOD [originally applied
to Electricity -Meter Checking, but lately
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used for Precision Measurements on Thermo -
elements, Millivoltmeters, etc : a Test Desk
based on Experience, and embodying a New
Precision D.C. Compensator.]-W. Zschaage.
(E.T.Z., 8th Oct. 1942, Vol. 63, No. 39/40,
pp. 458-461.)

510. THE NEON -TUBE PARTS CHECKER : A SIMPLE
MEANS OF MEASURING RESISTORS, CON-
DENSERS, AND VOLTAGE WITHOUT A METER.
-W. E. Bradley. (QST, Oct. 1942, Vol. 26,
No. Io, pp. 18-20 and 9o, 92.)

511. HUMIDITY TESTING OF COMPONENTS.-P. R.
Coursey. (Wireless Engineer, June 1942,
Vol. 19, No. 225, pp. 255-256.) Reply to
Westcombe's criticism, 2446 of 1942.

512. A NOTE ON R-C OSCILLATORS [Supplementary
Remarks on Bacon's Paper, 2769 of 1942].-
D. G. Tucker : Bacon. (Electronic Eng:g,
May 1942, VOL 14, NO. 171, p. 752.) See
also Lenihan, p. 772, on Ginzton & Hollings -
worth's earlier description. For another
paper on these oscillators see Whitehead, 366,
above.

513. MINIATURE INSTRUMENTS [with Scale Lengths
from 1.5 to 3.5 Inches : Recent Improve-
ments-Frequency Range to over 15o Mc/s,
Construction to stand Shock & Vibration,
" Expanded -Scale " Design : etc.].-J. M.
Whittenton. (Gen. Elec. Review, Sept. 1942,
Vol. 45, No. 9, pp. 501-504.) For glass
jewels see p. 539.

514. MAGNETIC MATERIALS [and the Improved
Design & Performance of A.C. & D.C. Indi-
cating Instruments due to the New Alloys].-
A. J. Corson. (Gen. Elec. Review, Oct. 1942,
Vol. 45, No. 10, pp. 573-575.)

515. THE CALCULATION OF EXPERIMENTAL ERRORS :
AN EFFECTIVE GROUPING AND. ANALYSIS OF
OBSERVATIONAL AND °EXPERIMENTAL ERRORS
-D. Espy. (Communications, June 1942,
Vol. 22, No. 6, pp. 8-g.)

516. STANDARDS AND STANDARDISATION [Editorial,
including Proposed " Orders of Precision,"
whose Numbers become the Logarithm of the
Reciprocal of the Tolerance to which the
Component is adjusted or can be measured].
-(Wireless Engineer, Aug. 1942, Vol. 19,
No. 227, pp. 339-340.)

517. STANDARDISATION AS APPLIED TO INDUSTRIAL
ELECTRICAL INSTRUMENTS [Dimensional &
Other Limits : Limits of Performance].-
K. Edgcumbe. (Engineering, 4th Dec. 1942,
Vol. 154, p. 452: summary, of I.E.E. paper.)
For another summary, including the Discus-
sion, see Electrician, i rth Dec. 1942,
PP. 639-641.

518. NOTE ON DIMENSIONS [Criticism of Guggen-
heim's Paper].-W. Wilson. (Phil. Mag.,
NOV. 1942, Vol. 33, No. 226, pp. 842-844.)
See 3070 of 1942.
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519. A DIFFEREN TIt.L ELECTRONIC STABILISER FOR
ALTERNATING VOLTAGES, AND SOME APPLI-
CATIONS [Unit designed primarily for Supply
for the Testing of A.C. Instruments].-
A. Glynn. (Electrician, 27th NOV. 1942,
Vol. 129, pp. 586-588: summary of I.E.E.
paper and Discussion.)

520. THEORY AND LIMITATIONS OF THE UNIVERSAL
A.C. BRIDGE. -J. H. Ellison : A. K. McLaren.
(Radio [New York], Oct. 1942, No. 273,
pp. 12-13 and 44.)

52 I . STUDIES IN SUPERCONDUCTIVITY : H-
EVAPORATED LEAD FILMS : III-Sn, Cb,
Ta, AND Pb WIRES [Experiments in connec-
tion with the Development of a Super-
conducting Bolometer (3682 of 1942) for
Small Amounts of Infra -Red Radiation].-
W. F. Brucksch, Jr., W. T. Ziegler, J. W.
Hickman. (Phys. Review, xstl15th Oct. 1942,
Vol. 62, No. 7/8, pp. 348-353 & 354-356.),

SUBSIDIARY APPARATUS AND MATERIALS

522. ERRORS IN THE DEFLECTION OF A CATHODE-
RAY BEAM BY DEFLECTING SYSTEMS OF
SINGLE SYMMETRY [and Their Utilisation to
correct Other Distortions].-Wendt. (See
474.)

523. THE INFLUENCE OF AN " UNEVEN " ANISO-
TROPY ON THE PATH OF LIGHT RAYS [Or of
Electrons] .-Frank. (See 334.)

524. CORRECTION TO FORMULA IN " ERRORS IN
PHOTOGRAPHY OF CATHODE -RAY -TUBE
TRACES: THE EFFECTS OF SCREEN CURVA-
TURE " [2773 of 1942].-Moss & Cattanes.
(Electronic Eng:g, May 1942, Vol. 14, No. 171,
P. 772.)

525. IMAGE -FIELD CURVATURE [" Saucer " Distor-
tion] WITH ELECTROSTATIC LENSES [Experi-
mental Point -by -Point Measurements, with
Special C.R. Tube, on Three -Electrode
Lenses : Dependence on Focal Length, Lens
Dimensions, & Object Distance : Indepen-
dence of Stop Size .(which influences the
Accompanying Astigmatism) : Distortion
5-7 Times greater than with Optical Lenses].
-Gobrecht. (Arch. f. Elektrot., Aug. 1942',
Vol. 36, No. 8, pp. 484-492.)

526. ELECTRON LENSES [Part of Lecture on
Electron Optics, to Electronics Group of
Institute of Physics].-Gabor. (Nature,
5th Dec. 1942, Vol. 15o, pp. 650-652.)

" In principle, the spherical aberration could be
corrected by suitably controlled auxiliary streams
of ions or electrons," a line of experiment bristling
with difficulties. But regarding the use of the space
charge of the ray electrons themselves, " a perfectly
stigmatic beam carrying a finite current density is
not in principle optically impossible, as the electro-
static energy stored in it is finite," and this method
of compensation may unwittingly have been used
in c.r. tubes. It would be useless in electron
microscopes. Rebsch's hint for the near elimination
of spherical aberration in those (see reference, and
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28o of 1938) seems never to have' been adopted.
Electron mirrors proved a forlorn hope for the
correction of chromatic aberration. Tile important
effects of so-called " polarisation layers " : their
study has been neglected up to the present, but
" until the polarisation layers are eliminated, all
electrostatic systems using slow electrons are likely
to be disappointing, and this is particularly true of
electron mirrors." High voltage (" pinhole aper-
tures ") combined with constancy of voltage
(" monochromatic illumination ") as the panacea in
practice. The writer's recent solution of the
problem of the fields corresponding to ideally
stigmatic lenses : the three-dimensional ideal lens
" exists," uniquely, but cannot be realised without
space charges. The two-dimensional (cylindrical)
ideal lenses may some of them be- capable of ap-
proximate realisation. These are all derivable from
the " stereographic " distribution by any conformal
representation in which the action is kept invariant :
" it may be hoped that such representations will
have other, less ambitious but more immediately
fruitful applications, as they allow the transforma-
tion of one electron -optical problem into another,
and may even hold the key to certain space -charge
problems, for which no satisfactory mathematical
treatment has yet been found." The complete
lecture is appearing in Electronic Engineering.

527. TRACING VALVE CHARACTERISTICS, USING THE
CATHODE-RAY OSCILLOGRAPH.-Bocking.
(See 436.)

528. A PORTABLE HIGH -FREQUENCY SQUARE -WAVE
OSCILLOGRAPH FOR TELEVISION . -Kell, Bed-
ford, & Kozanowski. (See 479.)

529. EXPERIMENTAL INVESTIGATIONS ON THE RE-
SOLVING POWER OF FLUORESCENT SCREENS.

Hinderer. (Zeitschr. f. Phys., 8th Sept.
1942, Vol. 119, No. 7/8, pp. 397-405.)

Author's summary :-" The resolving power of
various polycrystalline screens and one single -crystal
screen [barium platinocyanide crystal] was deter-
mined for ultra -violet excitation by the double -
wedge method : the results were the same whether
a bright ' double wedge was used or a ' dark '
double wedge [with the former, the resolving power
is measured on non -absorbing particles, whilst the
latter method makes use of strongly absorbent
particles]. The resolving power is greatly influenced
by the roughness of the screen surface and the
scattering of the exciting and emitted 'radiation in
the fluorescent material. The measured values lie
between 5 and 15 p, for the different screens [14.0
and 14.7 µ for commercial screens; 12.1-8.3 1.4.
for screens of the same material as the commercial,
but " pressed " to give a -smooth surface ; 7.3-6 µ
for screens of the same material (the fine-grain
variety) with added particles of soot to reduce the
scattering ; and finally 5.1-4.4 /, for the barium
platinocyanide single crystal] : within the limits of
accuracy of the methods, the values agree with those
obtained by the ' sharp -edge ' method [using a
razor -blade edge in place of the double wedge in the
optical system of Fig. 3 : the substantial agreement
between the two methods indicates that the sharp -
edge method, generally the simpler, can be used for
such measurements instead of the other]. The
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' sharp -edge ' method is employed to determine the
resolving power of a commercial screen excited by a
cathode ray" ; the actual values ranged from 7o to
1o9µ, but the writer concludes that for various
reasons the true value is the minimum observed
figure of 7oaa.

530. ON THE MECHANISM OF LUMINESCENCE IN
CRYSTALLINE PHOSPHORS.-SCholi. (Zeitschr.
f. Phys., 8th Sept. 1942, Vol. 119, No. 7/8,
PP. 463-471.)

New experimental results and their application
to the " model " (primarily applied to zinc and zinc -
cadmium phosphors activated with copper, zinc,
or surplus base material) developed by the writer
and Riehl (158o of 194o and back references).

531. MODERN APPLICATIONS OF LUMINESCENT
SUBSTANCES [including Radioactive Lumin-
ous Compounds].-Levy & West. (Journ.
Roy. Aeron. Soc., Dec. 1942, Vol. 46, No. 384,
Abstracts p. 480.)

532. TELEVISION WAVE -FORMS [Analysis of Wave -
Forms encountered in Cathode -Ray -Tube
Practice], and DATA SHEETS XXIX-XXXI.
-Lockhart. (See 480.)

533. CATHODE-RAY-OSCILLOGRAPH DELAYED SIN-
GLE -SWEEP CIRCUIT [tO delay Sweep for
Any Desired Time after Peak of Repeating
Transient, so that Sweep may cover Any Time
Interval desired with respect to Peak :
primarily for Cardiac Research]. - Gilson.
(Electronics, March 1942, Vol. 15, No. 3,
p. 65.)

534. METHODS OF OBTAINING A TIME -LINEAR
VOLTAGE RISE IN SAW -TOOTH OSCILLATIONS
[for Simplification of the Interpretation of
the Resulting Oscillograms].-Johannsen.
(E.N.T., Aug. 1942, Vol. 19, No. 8, pp.
137-147.)

For previous work see 136 of January and back
reference. Dealing first with the exponential
curve resulting from the charging of the ' kipp "
condenser through an ohmic resistance, the writer
discusses various methods of obtaining an ade-
quately linear time base from such a circuit : for the
first method, eqn. 8 giving the " unlinearity " it
(defined by eqn. 3) shows that the steps to be taken
are to make the working voltage as high as the
insulation and loading capacity of the valve allow,
and to keep the saw -tooth amplitude small. For
most applications this second condition means that
the saw -tooth oscillation will have to be amplified,
and by rather a high -quality amplifier. Figs. 5
and 6 show what satisfactorily linear results can be
obtained in this way. Another method discussed
is to obtain a practically linear deflection by
selecting a short section of the exponential curve :this plan is subject to limitations which differ
according to the type of circuit employed-glow-
discharge tube, thyratron, or multivibrator (normal,
" retarding -field " and special symmetrical types :

references " 3," " 4," & 5 "). Finally, in many
cases sufficient linearity can be obtained, even when
the amplitude is quite large, by compensating the
exponential curve by means of an amplifier, which is
needed anyhow for the sake of a symmetrical
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voltage and which can be given a characteristic
opposed to that of the " kipp" oscillation (Figs.
7 & 8).

The above considerations are all concerned with
a condenser charged through a constant ohmic
resistance, so that the charging current is bound
to vary according to the state of charge' of the
condenser, thus producing non -linearity. Perfect
linearity must be obtainable if, on the other hand,
the charging current is kept constant, provided that
the sum of all the unwanted resistances parallel to
the " kipp " condenser is infinitely large. Methods
based on this plan are discussed on pp. 140-144.
The use of a saturated diode, or of a triode with
positive grid bias and a reduced cathode -tempera-
ture, as charging resistance for this purpose has
certain disadvantages : a better plan is to employ
a multigrid valve in the circuit of Fig. ro, the
charging current (and hence the " kipp " frequency)
being adjusted by varying either the control -grid
voltage (left-hand circuit) or the screen -grid voltage
(right-hand circuit). Although the latter arrange-
ment gives the simpler circuit, the fdrmer is the
more generally satisfactory, having a wider range
of linearity and offering, also, a partial way of com-
bating the fact that even in a pentode the anode
current is not completely independent of the anode
voltage : this partial compensation is carried out
by the automatic generation of the control -grid bias
by a cathode -circuit resistance. Attempts to
improve the linearisation by making the cathode
resistance carry only the anode current, and not
the screen -grid current (which varies in the opposed
sense) as well, by the circuit of Fig. 13 are con-
sidered to be not worth the extra voltage source
involved, because with modern valves the s.g.
current is so small in comparison with the anode
current. It is mentioned in passing that in some
cases an improvement in linearity can be obtained
by a slight positive retarding -grid bias : cf. Fig. 9.

The drop of anode current with decreasing anode
voltage can also be countered by superposing a
voltage of suitable characteristic on one grid of the
charging valve: assuming the anode current to
decrease in proportion to the anode voltage, the
grid voltage required is proportional to -ita, and
this can be obtained by reversing the anode -voltage
phase by a single. normal amplifier stage. Such an
arrangement is particularly simple when such an
amplifier is needed for the syrnmetrisation of the
time -base voltage : Fig. 14 shows the double
purpose of the triode stage " V." But complete
success in linearisation by this method is only given
when the anode current decreases linearly with
anode voltage over the whole current -range in
question, when the amplifying stage has a constant
amplification factor, and when the grid -voltage/
anode -current characteristic is linear also. These
requirements are not likely to be fulfilled, and a
better plan is to modify the circuit of 14 to
that of Fig. 15, where the variations of the charging
current produce voltages which, after phase -
reversal by the stage " V," are taken back to the
control grid of the charging valve.

The efficacy of the various plans described above
are, illustrated by the oscillograms of Figs. 16-22 :
the " unlinearity " it amounted to 39% for the
worst arrangement, a pentode as charging verve,
with bias -producing cathode resistance shunted by
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a condenser : removal of this condenser improved
the value of di to 29%, while the separation of the
third (retarding) grid from the cathode and its
provision with a positive 4o volts or thereabouts
reduced so much that it could not be observed
(Fig. 18). The phase -reversing circuit of Fig. 14,
discussed above, yielded the oscillogram of Fig. 19,
with 1, = about 2%, while the improved circuit
(Fig. 15) reduced the value to below the limit of
observation (Fig. 22).

Finally, section D turns from the methods
depending on the use of valves as controlled
charging resistances and considers what is termed
" linearisation by current superposition " in circuits
where ohmic charging resistances are used. In
Fig. 23, the " kipp " condenser C is charged through
two ohmic resistances .R5, and R5, in series, so
that  (apart from the action of the right-hand
portion of the circuit) its voltage would rise exponen-
tially. If it is to rise linearly, its charging current
is must remain constant, and since this passes
through the neighbouring resistance R52, the voltage
drop in R52 must also remain constant : but this is
only possible if, in the other part of the charging
resistance, R51, a voltage drop occurs which is
exactly opposite (in its variation with time) to the
voltage at C : this is obtained by making R2i
carry, in addition to the actual charging current
ic, a superposed current i4 whose required value
is given by i;; = - tee/R.4 + constant. The com-
plete circuit of Fig. 23 involves the provision of a
suitable two -stage amplifier, and this would hardly
be justified merely for improving linearity : it
does, however, also take the place of a special
symmetrising amplifier, so that the expenditure is
about the same as for an arrangement with charging
through a multi -grid valve and with a, symmetrising
amplifier. The circuit of Fig. 23 presents advant-
ages in linearity over the multi -grid -valve arrange-
ments, both for very small and for large charging
currents.

A simplification of Fig. 23, at the sacrifice of
complete compensation and of voltage symmetry, is
possible if the loading resistance of the control valve
is put in the cathode lead instead of the anode lead.
This alters the necessary phase conditions so that a
second amplifier -stage is no longer needed and the
single -triode circuit of Fig. 24 is arrived at. The
improved linearity of the saw -tooth wave given by
this _circuit is seen by comparing Fig. 26 with Fig. 25,
and the oscillogram Fig. 27, using the Fig. 25 wave
for time -base, with the oscillogram Fig. Of, using the
improved wave for time -base : the " unlinearity "
drops from about 75% to about 25%, the still
incomplete compensation being the price paid for
the simplified amplifier. Finally, the possible
application is briefly discussed of the " current
superposition " method to the compensation of the
current fluctuations of a multi -grid valve-a com-
bination, in fact, of the two main principles of
linearisation already treated.

535. A CONCISE REPORT ON A HIGH-SPEED CAMERA
FOR SIMULTANEOUS PHOTOGRAPHIC AND
OSCILLOGRAPHIC RECORDS [Speeds up to &
over I000 Pictures/Second : " Optical -
Compensator " Type, with Lens & Rotating
Four -Sided Prism, and Lens for Traces from
Three -Element C.R.0.].-Baxter. (Journ.
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of Scient. Instr., Dec. 1942, Vol. 19, No. 12,
pp. 183-184.) From E.R.A. Report Ref.
G/T141.

536. A PORTABLE HIGH -FREQUENCY ANALYSER.-
Brauner. (See 503.)

537. THE AUTOMATIC ANALYSIS OF ULTRA -LOW -
FREQUENCY TRANSIENTS : METHOD OF A.M.
GRASS, B.S. [for the 1-5o c/s Potential Waves
of Electro-Encephalography : Use of " Vari-
able -Area " Film Track].-Dawson : Grass.
(Electronic Eng:g, June 1942, Vol. 15, No.
172, PP 34-35.)

538. A CAMERA FOR RECORDING LOW -SPEED
TRANSIENTS WITH A CATHODE-RAY OSCILLO-
GRAPH [Continuous Run of 4o Feet of
Unperforated Paper, at Alternative Rates
of I, r, & 2 Inches/Second].-Dawson.
(Electronic Eng:g, July 1942, Vol. 15, No. 173,
pp. 52-56.)

539. ON THE DISTRIBUTION OF VELOCITIES IN
FIELD -EMISSION ELECTRONS [of Importance
in estimating Resolving Power of Field -
Emission Electron Microscopes, etc.].-
Richter. (See 445.)

540. ON THE RESOLVING POWER OF THE EMISSION
MICROSCOPE.-Dosse & Muller. (Zeitschr.
f. Phys., 8th Sept. 1942, Vol. 119, No. 7/8,
pp. 415-422.)

Authors' summary :-" Following on various
recent theoretical treatments by different workers,
the lower limit for the resolving power of the
emission microscope ( Johannson immersion objec-
tive and the E.W. Muller field -emission microscope),
as determined by the distribution of velocities of
the electrons, is given [for cold (field) emission use
is made of Richter's work, 539, above]. As the
field strength E in front of the cathode is raised, the
resolving power theoretically sinks at first as 1 /E
(thermal emission) and then changes at high field
strengths (field emission) to a constant value, inde-
pendent of E, which is considerably better as a rule
for a plane cathode than for a spherical one. The
theoretical values for field emission at a spherical
cathode agree satisfactorily with the corresponding
experimental values measured on the field -emission
microscope. The influence of the condition of the
cathode surface [its roughness] is briefly discussed."

ON THE INTENSITY RELATIONS IN THE
ELECTRON MICROSCOPE : II-CAPABILITY
OF ENLARGEMENT, GRAININESS, AND RE-
SOLVING POWER OF PHOTOGRAPHIC PLATES
BLACKENED BY ELECTRONS.-von Bones.
(Zeitschr. angew. Phot., Vol. 4, 1942, p. 42
onwards.) For Part III see 542, below.

542. ON THE INTENSITY RELATIONS IN THE
ELECTRON MICROSCOPE : III-SUITABILITY
AND LIMITS OF SENSITIVITY OF PHOTO-
GRAPHIC PLATES FOR ELECTRON -MICRO-
SCOPIC RECORDING.-V011 Borries. (Zeitschr.
f. Phys., 8th Sept. 1942, Vol. 119, No. 7/8,
PP. 498-521.)

For previous parts see 3079 of 1942, 143 of
January, and 541, above. Author's summary

The present paper gives, for a number of different

541
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emulsions, the energy density of electron radiation,
as a function of ray voltage, necessary to produce
the blackening S=0.5 which is taken as a suitable
basis for comparison [cf. 3079 of 1942] : this inform-
ation allows the most sensitive coatings to be chosen.
Further, the resolving powers are given for the same
plates, so that those types which are specially
suitable for subsequent high enlargement can be
selected. The most important factor in judging a
plate for the combined requirements of sensitivity
and resolving power is the ' image -element work '
[quantity of energy which must be expended for
blackening an element of size Sp, where Sr is the
resolving power of the plate] : this quantity is
given, as a function of ray voltage, for the same
emulsions [Fig. 4]. From the measurements of
' blackening work ' and grain size, the amounts
of energy are calculated which must be expended
for the blackening of a grain in the developed
layer.

" In the last part of the paper the limits of object
loading, as governed by heat development and
ionisation, are determined for a single exposure in
which the object is irradiated only during the actual
exposure period. It is found that even with this
precaution the temperature equilibrium between
absorbed and radiated energy comes in, since the
thermal capacity of the object plays no part. The
unavoidable  ionisation is of importance in the
problem of electron -microscopic investigation of
living materials. The resolving power which seems
attainable from this way of regarding the problem
is calculated, and is found to be less favourable than
the estimates arrived at elsewhere " [von Ardenne,
3595 of 1941].

543. ELECTRON REFLECTIONS IN MgO CRYSTALS
WITH THE ELECTRON MICROSCOPE, and
ELECTRON -MICROSCOPE STUDY OF SURFACE
STRUCTURE [by Use of Silica Replicas].-
Heidenreich : Heidenreich & Peck. (Phys.
Review, istl15th Sept. 1942, Vol. 62, No.
5/6, pp. 291-292: pp. 292-293.)

(i) The alternate light and dark -bands are in
contrast to those of Hillier & Baker (3o76 of 1942)
and von Ardenne (1738 of 1941) in that they are
uniformly spaced : this and other results indicate
that the phenomenon is the result of multiple
electron reflections from the crystallographic
planes. (ii) A plastic moulding is made in (preferably)
polystyrene : a thin-film replica is then obtained by
evaporating silica on to the moulding and subse-
quently removing the silica by ethyl -bromide
solvent.

544. A DIFFRACTION ADAPTER FOR THE ELECTRON
MICROSCOPE [to convert It into an Electron -
Diffraction Camera].-Hillier & others. (Phys.
Review, istl15th Sept. 1942, Vol. 62, No. 5/6,
p. 296: summary only.) See also 3346 of
1942.

545. A SENSITIVE VALVE -VOLTMETER RELAY [for
Voltage Stabilisation within less than 0.5%].
-Orlov & Pirogov. (Wireless Engineer,
Aug. 1942, Vol. 19, No. 227, pp. 347-350.)
The Russian original was dealt with in 1155
of 1942.
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546. ELECTRONIC VOLTAGE STABILISER FOR X-RAY
TUBE POWER SUPPLY AT 20 kV : CONSTANCY
TO ± I PART IN 50 000 OVER LONG PERIODS.
-Panofsky & others. (Phys. Review, istl15th
Sept. 1942, Vol. 62, No. 5/6, pp. 218-219.)
In a paper on a determination of h/e. The
stabiliser circuit is similar to that dealt with
in 1489 of 1942.

547. A DIFFERENTIAL ELECTRONIC STABILISER FOR
ALTERNATING VOLTAGES, AND SOME APPLICA-
TIONS.-Glynne. (See 519.)

548. INKLESS RECORDING : SENSITIVE AND RELI-
ABLE [Seirch for Most Practical System leads
to Improvement of " Dotting " Principle
(Rate increased to 4 per Second) combined
with Typewriter Ribbon].-Twiss. (Gen.
Elec. Review, Sept. 1942, Vol. 45, No. 9,
PP. 511-514.)

549. SOLUTIONS FOR ELECTROCHEMICAL RECORDING.
-Fagan. (See 487.)

550. GRAPHITE SHIELDING: GLASS, CARDBOARD,
AND SIMILAR MATERIALS AS ALTERNATE
SHIELDS [including Methods of Contact,
Splices, etc.].-Porter. (Radio [New York],
Oct. 1942, No. 273, pp. 14 and 44.)

551. ON THE DEIONISATION IN THYRATRONS
OPERATING AS RELAXATION OSCILLATORS.-
Upatov. (Journ. of Tech. Phys. [in Russian],
No. 23/24, Vol. to, 1940, pp. 2011-2021.)

The operation of a relaxation oscillator employing
a thyratron fed through a diode (Fig. i) is discussed.
Equation 4 determinng the variation of the deionisa-
tion current with time is written down as a first
approximation, and from this formulae are derived
for determining the period of relaxation oscillations
under various conditions and taking into account
the deionisation effect. Experiments have confirmed
that the accuracy of the theoretical results obtained
is sufficient for practical purposes. Oscillographic
methods have also been developed for measuring
certain parameters characterising the deionisation
process, namely T (deionisation time), A (initial
conductivity), and no (initial ion concentration).
Results obtained in measuring these parameters in
the case of mercury - vapour, neon, and argon
thyratrons of Russian manufacture are shown and
discussed.

552. THE MEASUREMENT OF BACK CURRENTS IN
IONIC APPARATUS.-Granovski & Merzlou-
khova. (Journ. of Tech. Phys. [in Russian],
No. 23/24, Vol. to, 1940, pp. 2022-2032.)

The back current which flows during the half -
periods of low conductivity is a factor of great
importance in the operation of ionic tubes, and
many attempts, briefly reviewed at the beginning
of this paper, have therefore been made to devise
methods for measuring it. The method proposed
by the authors consists in taking off the voltage due
to the back current passing through a resistance in
the anode circuit of the tube, and after amplification
by a d.c. amplifier applying it to a cathode-ray
oscillograph (Fig. 2). The design of the resistance
and of the amplifier, which have to meet very strict
special requirements, is discussed in detail, and a
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report is given with a number of oscillograms on
measurements of the back current in a mercury -
vapour thyratron designed for a rectified current of
15 amperes.

553. " THEORY OF GASEOUS CONDUCTION AND
ELECTRONICS " [Book Review].-Maxfield
& Benedict. (Proc. I.R.E., April 1942,
Vol. 3o, No. 4, p. 2L1.)

554. DEPARTURES FROM OHM'S LAW IN SOLIDS
[and Experiments on Parallel Crystal Plates
of Carborundum, Zincite, & Galena].-
Osterberg. (See 393.)

555 CONTACTS BETWEEN METALS AND BETWEEN A
METAL- AND A SEMICONDUCTOR.-Fan. (See
446.)

556. HALL EFFECT AND CONDUCTIVITY OF CUPROUS
OXIDE [Departure from Exponential Law of
Temperature Dependence & Its Two Causes :
Deeper Insight into Nature of Ageing given
by Experiment on Effect of Electrical Field].
-Angello. (Phys. Review, istl15th Oct.
1942, Vol. 62, No. 7/8, pp. 371-377.)

557. SELENIUM RECTIFIERS AND THEIR DESIGN
[Design Procedures & Computations : Nomen-
clature : etc.1.-Yarmack. (Elec. Com-
munication, No. 4, Vol. 20, 1942, pp. 275-
286.) Published also in the July 1942
section of A.I.E.E. Transactions, Vol. 61.

558. SPARK -SUPPRESSION BY DRY -PLATE RECTI-
FIERS [for Preservation of Contacts &
Prevention of Interference].-Schmidt. (See
367.)

VIBRATOR WAVE -FORMS rand Their Import-
ance for the Life of the Vibrator].-Robinson.
(Electronic Eng.g, June 1942, Vol. 15, No.
172, pp. 32-33.) Following on 1492 of 1942.

560. CORRECTION TO " A NEW EQUIPMENT FOR'
TESTS ON THE FUSING BEHAVIOUR OF CON-
TACTS."-Linckh & Krapf. (E.T.Z., 8th Oct.
1942, Vol. 63, No. 39/40, p. 480.) See 183
of January.

561. ELECTRICAL BREAKDOWN IN VACUUM BETWEEN
ELECTRODES OF LARGE AREA [500 cm2,
instead of Usual Small Electrodes : 7 mm
Spacing : Voltages Up. to ioo kV : Six
Factors controlling Breakdown Voltage :
Effect of Removal of All Insulation from
Regions of Strong Field].-Seifert. (Phys.
Review, 1st/15th Sept. 1942, Vol. 62, No.
5/6, pp. 300-301 : summary only.)

562. THE ELECTRICAL STRENGTH OF NITROGEN AND
FREON UNDER PRESSURE. - Skilling &
Brenner. (Elec. Communication, No. 4,
Vol. 20, 1942, pp. 287-294.) Reprinted
from the April 1942 section of A.I.E.E.
Transactions, Vol. 61. A summary was dealt
with in 3720 of 1942.

563. HIGH -FREQUENCY ARTICULATED AIR -SPACED
CABLES AND VALVE CONNECTOR [" Co -ax "
Cables].-Telequipment Company. (Journ.
of Scient. IMO., Dec. 1942, Vol. 19, No. 12,
p. 188.) See also 3580 of 1942.
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564. PLASTIC -COVERED CONDUIT [Flexible Metal
Conduit protected by Transfiex, Irv-O-Lite
XTE-3o, or Hyfiex].-Searle Aero Industries.
(Gen. Elec. Review, Oct. 1942, Vol. 45, No. ro,
P. 595.)

565. INTELIN [Styrene] HIGH-TENSION APPLICA-
TIONS, and INTELIN HIGH -FREQUENCY AP-
PLICATIONS [in these Cables the Intelin
Insulation has a Dielectric Constant of 2.38
and a Power Factor at loo Me/s of 0.00071-
(0m. Communication, No. 4, Vol. 20, 1942,
p. 316: p. 316.)

566. ELOXAL-INSULATED WIRES IN ELECTRO-
TECHNICS [in replacing Copper by Alumin-
ium].-Stender. (E.T.Z., 24th Sept. 1942,
Vol. 63, No. 37/38, pp. 451-452: summary
only.)

567. RUBBER FROM EUROPEAN PLANTS [Eberswalde
Investigations]. - Koropp. (T.F.T., April
1942, Vol. 31, No. 4, p. 119: summary only.)

568. THE PROPERTIES OF SOFT RUBBERS FROM
THE VIEWPOINT OF CABLE CONSTRUCTION.-
Roelig. (E.T.Z., 8th Oct. 1942, Vol. 63,
No. 39/40, pp. 465-466.)

569. THE TOLERANCES FOR HARD -PAPER AND
HARD -CLOTH PRODUCTS. - Wandeberg.
(E.T.Z., 24th Sept. 1942, Vol. 63, No. 37/38,
PP. 455-456.)

570. MYCALEX : ITS MANUFACTURE AND PROPER-
TIES.-(Electronic Eng:g, May 1942, Vol. 14,
No. 171, pp. 749-752.)

571. THE MECHANICAL PROPERTIES OF GLASS.-
Preston. (Journ. Applied Phys., Oct. 1942,
Vol. 13, No. 1o, pp. 623-634.) " We use
glass in this case [200 -inch mirror for Mount
Palomar], not because it is transparent, but
because its general rigidity and permanence
of shape are better than steel or concrete."

572. ON THE EFFECT OF THERMAL EXPANSION ON
THE ABSORPTION SPECTRUM OF INSULATORS
[Lattice Expansion, as well as " Multiple
Impacts," contributes to Long -Wave Dis-
placement at High Temperatures].-Moglich
& Rompe. (Zeitschr. f. Phys., 8th Sept.
1942, Vol. 119, No. 7/8, pp. 472-481.)
Further' development of the researches on
insulators and phosphors dealt with in 1772,
1773, & 2800 of 1941.

573. FLUORESCENCE OF SOLUTIONS AND DIELEC-
TRICAL PROPERTIES OF SOLVENTS [" (0-0)
Separation " & Red Shift explained as
Effects of Interaction between Molecules in
Liquid State, and discussed in light of
Onsager's Theory of Polar Liquids].-
Sambursky & Wolfsohn. (Phys. Review,
istl15th Oct. 1942, Vol. 62, No. 7/8, pp.
357-361.)

574. VALIDITY OF THE CLAUSIUS-MOSOTTI FORMULA
[Alternative Formula which would affect
Many Dipole Moments],-Burniston Brown.
(See 607.)
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575. THE MECHANISM OF POLARISATION OF CERTAIN
CRYSTALLINE ORGANIC COMPOUNDS. -
Walther, Inge, & Trambitskayi. (Journ.
of Tech. Phys. [in Russian], No. 23/24, Vol.
10, 1940, pp. 1970-1974.)

Hard substances produced by hydrogenating
castor oils in a special manner, and having dielectric
constants reaching values of the order of 20-25,
have been used lately for impregnating paper con-
densers. Such high values of e can only be
explained by orientated polarisation, i.e. by the
rotation either of polarised molecules or of com-
ponent parts of the molecule. A new substance
called " oleovaks " has been developed by the
Institute of Oil Industry in Russia, and in this paper
a report is given on an experimental investigation of
this. Curves are plotted in Figs. 2, 3, and 4 showing
the effect of temperatures from - 6o to + ioo°C on
e and tan 8 of different kinds of " oleovaks " at
frequencies of 5o, 2000, and 2 x 106 cis, and several
microphotographs taken with polarised light are
shown. A theoretical interpretation of the results
obtained is given.

576. ON DISCHARGE -VOLTAGE AND RETURN -VOLT-
AGE CURVES for ABSORPTIVE CAPACITORS
[Question of the Validity of Boning's
Formulae (cf. 2814 of 1942) : Application
of Principle of Superposition furnishes
Rigorous Treatment of Discharge -Voltage
& Return -Voltage Curves and a Way of
applying These in Measuring Technique].-
Gross. (Phys. Review, istli5th Oct. 1942,
Vol. 62, No. 7/8, pp. 383-387.)

577. THE TEMPERATURE COMPENSATION OF CON-
DENSERS.-Griffiths : Britton. (Wireless
Engineer, June 1942, Vol. 19, No. 225, pp.
253-255.) Griffiths replies to the criticisms
mentioned in 2486 of 1942 : Britton criticises
his remarks on ceramic condensers, and
Griffiths replies in the July issue, No. 226,
pp. 308-309.

578. ON THE THEORY OF THE MAGNETIC FIELD
[New Formulation of Ampere's " Elementary -
Current " Basis of Ferromagnetic Phenomena
gives Complete & Consistent Quantitative
Picture].-Kneissler-Maixdorf. (Arch. f.
Elektrot., Aug. 1942, Vol. 36, No. 8, pp.
471-483.) Further development of 292 of
1942.

579. CORRECTIONS TO " ON D.C.-POLARISED A.C.
CHOKING COILS AND THEIR BACK COUPLING."
-Buchhold. (Arch. f. Elektrot., Aug. 1942,
Vol. 36, No. 8, p. 514.) See 3547 of 1942.

580. THE CALCULATION OF CHOKE COILS WITH
SEVERAL WINDINGS.-Bohse & Bielert. (See
362.)

581. LAMINATION DESIGN : INFLUENCE OF SHAPE
ON THE COST AND WEIGHT OF TRANSFORMERS
AND CHOKES.-Partridge. (Wireless World,
Dec. 1942, Vol. 48, No. 12, pp. 286-289.)

582. INTERNAL TRANSFORMATIONS IN THE Fe-Ni-Al
ALLOYS.-Lifshits. (Journ. of Tech. Phys.
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[in Russian], No. 23/24, Vol. so, 5940, pp.
1981-1985.)

The effects of various thermal treatments on the
coercive force of the Fe-Ni-Al alloys were investi-
gated experimentally. A number of experimental
curves are shown and definite conclusions reached.
A theoretical interpretation of the results obtained
is made rather difficult by the fact that no struc-
tural transformations could be observed in the
alloys during thermal treatments, either by micro-
scopic or X-ray methods. Nevertheless, several
hypotheses are put forward and discussed in detail.

583. NEW MAGNETIC MATERIALS [Survey, with i6
Literature & Patent References : Data,
including for Nicaloi (Hot- & Cold -Rolled,
Cold -Rolled plus Magnetic Anneal), etc :
Permanent -Magnet Materials, including the
Latest Alnico IV & V].-Ruder. (Proc.
I.R.E., Oct. 5942, Vol. 3o, No. so, pp.
437-440.)

584. NEW KINDS OF STEEL OF HIGH MAGNETIC
POWER.-Jonas & van Embden. (Philips
Tech. Review, Jan. 1941, Vol. 6, No. I, p. 8
onwards : referred to in 583, above.) See
2138 of 5942.

585. PERMANENT MAGNETS [Editorial on Recent
Development of Materials, including Ticonal
2A & 40/5o, Alnico V, and the " Magnetic
Delay " Steel (2518 of 1942)] .-G. W. 0. H.
(Wireless Engineer, July 1942, Vol. 19, No.
226, pp. 287-289.)

586. MAGNETIC MATERIALS [and the Improved
Design & Performance of A.C. & D.C.
Indicating Instruments due to the  New
Alloys].-Corson. (Gen. Elec. Review, Oct.
1942, Vol. 45, No. Io, pp. 573-575.)

587. CATHODIC SPUTTERING: ITS NATURE AND
EFFECTS [and Its Industrial Application,
e.g. to Dry -Plate Photocells].-Haigh. (Elec-
tronic Eng.g, July 1942, Vol. 15, No. 173,
pp. 61-64.)

588. ON THE THEORY OF CATHODE SPUTTERING.-
Seeliger. (Zeitschr. f. Phys., 8th 'Sept. 1942,
Vol. 119, No. 7/8, pp. 482-492.)

589. A NEW METHOD OF MAKING ALLOYS OF
METALS THAT DO NOT MIX WHEN MELTED.
-Samuels & others. (Science, 23rd Oct.
5942, Vol. 96, Supp. pp. 8 and pa.)

590. A LITHIUM -BEARING SILVER SOLDER [and Its
Advantages for Various Purposes].-Hensel
& others. (Engineering, 4th Dec. 1942, Vol.
154, p. 46o : summary only.)

591. SAVING TUNGSTEN AND COPPER BY USING
SILVER.-(Electronics, March 1942, Vol. 15,
No. 3, p. 104.)

592. NEW SOLDERING FLUXES [leaving Non -
Corrosive Residues, and particularly suitable
for Fine Work : Lactic Acid with Calsolene-
Oil Addition, etc.]-(Electronic Engrg, June
1942, Vol. 15, No. 172, p. 37 : summary, from
Tin & Its Uses.) Cf. Homer & Watkins.
2110 of 1942.
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STATIONS, DESIGN AND OPERATION

A TRANSCEIVER FOR WERS [War Emergency
Radio Service : " a 21 -Metre Outfit from
Junk -Box Components "].-Grammer. (QST,
Oct. 1942, Vol. 26, No. ro, pp. rr-15-and 84,
88, 9o.)

FREQUENCY ALLOCATIONS IN THE WERS :
A STATE-WIDE PLAN FOR CLEAR -CHANNEL
OPERATION WITHOUT MUTUAL INTERFERENCE
[Massachusetts Plan].-Ling. (QST, Oct.
1942, Vol. 26, No. ro, pp. 16-17.)

A FREQUENCY -MODULATION STATION MONITOR
[measuring Mean Carrier Frequency, with &
without Modulation, and Modulation Per-
centage : Over -Modulation Alarm & Fidelity -
Monitoring Circuit].-Summerhayes. (Proc.
I.R.E., Sept. 1942, Vol. 3o, No. 9, pp. 399-
404.) A summary was dealt with in 1119 of
1942.

596. FREQUENCY MODULATION : PART VII-RE-
CEPTION.-Sturley. (Electronic Engrg, May
1942, Vol. 14, No. 171, pp. 755-758.)

AIRCRAFT RADIO COMMUNICATIONS [Two -Way
Communications, En Route Navigation,
Instrument Landing : Aerials : Table of
Weights : etc.].-Morgan. (Journ. Roy.
Aeron. Soc., Dec. 1942, Vol. 46, No. 384,
Abstracts p. 483.)

598. GERMAN AIRCRAFT RADIO [Illustrated, from
Official Reports : including Emergency
Equipment].-(Electronic Engl, June 1942,
Vol. 15, No. 172, pp. 8-12 and 36.)

WIRELESS versus WIRE BROADCASTING AFTER
THE WAR [Paper dealing " Frankly &
Clearly " with Pros & Cons, and concluding
that Wire Broadcasting should be pressed
on with immediately after a " Victorious
Ending " of the War]. - Gladenbeck.
(E.N.T., July 1942, Vol. 19, No. 7, p. 136 :
short summary only.) In a review of the
Year -Book dealt with in 2861 of 1942.
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593

594.

595.

597.

599.

600. THE OPERATIVE ATTENUATION OF FOUR -
POLE -NETWORK CHAINS [Wire -Broadcasting
Lines, etc.]-Klein. (See 356.)

6or. EXPERIMENTAL POLYPHASE BROADCASTING
[on I kW, at r Mc/s : WHO's Experimental
Transmitter : System found Entirely Prac-
tical for Modern High -Fidelity A.M. Broad-
casting : Peak Power Capability of Output
Valves only about I1 Times the Carrier
Power].-Loyet. (Proc. I.R.E., May 1942,
Vol. 3o, No. 5, pp. 213-222.) For this
system see Byrne, 4229 of 1939.

602. PAPER ON THE LUXEMBOURG EFFECT AS A
LIMITATION ON THE PERMISSIBLE INCREASE
IN BROADCASTING -STATION POWER, AND
COMMON -WAVE BROADCASTING AS A POSS-
IBLE CURE.-Vilbig. (See 320.)

603. THE SERVICE AREA OF MEDIUM -POWER
BROADCAST STATIONS [500-1500 kc/s : the
Average Field -Intensity Increases obtained

IOI

by Improvement of Each of the Four
Factors Power, Area Conductivity, Fre-
quency, & Placing of Station with respect
to Distribution of Population].-Patrick.
(Proc. Sept. 1942, Vol. 3o, No. 9,
pp. 404-410.) From the South African
Broadcasting Company.

604. PROBLEMS OF CONTRAST COMPRESSION [General
Considerations leading to the " Ideal "
Compression Characteristic : the Correct
Choice of the " In " & °` Out " Control
Speeds, governed by the Building -Up &
Decay Times of Musical Instruments : a
Compression Circuit satisfying Both Require-
ments].-Hildebrand. (Funktech. Monats-
hefte, April 1942, No. 4, pp. 56-59.)

605. POST-WAR BROADCASTING [Plea for Controlled
Volume Compression : Suggestion that
Certain Proportion of Broadcasting Time
should be Sold to Advertisers for benefit of
Hospitals].-King : Anon. (Wireless World,
Dec. 1942, Vol. 48, No. 12, p. 290: p. 290.)

6o6. BROADCAST STATION MAINTENANCE & OPERA-
TION [Daily Routines & Periodic Checks,
etc.].-Wesser. (Radio fNew York], Oct.
1942, No. 273, pp. 19-21.)

GENERAL PHYSICAL ARTICLES
607. VALIDITY OF THE CLAUSIUS-MOSOTTI FORMULA

[Doubts on : Alternative Formula which, if
correct, would considerably affect Many
Dipole Moments]. - Burniston Brown.
(Nature, 5th Dec. 1942, Vol. 150, pp.
661-662.)

" The conclusion seems to be that only a macro-
scopic treatment can be applied and that the
formula should be K = I + 4 una. Thus for the
molar polarisation P we should have P -1(K - i)/
3} . M/p instead of the Clausius-Mosotti P=;(K-i)1
(K + 2)) .1111p".

6o8. IONISATION OF GASES BY COLLISIONS OF
THEIR OWN ACCELERATED MOLECULES
[Measurements on A, N2, H2, & He in the
r000-8000 eV Range].-Berry. (Phys. Re-
view, istli5th Oct. 1942, Vol. 62, No. 7/8,
pp. 378-382.) For a previous paper see
1552 of 1942.

609. MOBILITIES IN NITROGEN AT HIGH CURRENT
DENSITIES.-Bennett. (Phys. Review, ist/
15th Oct. 1942, Vol. 62, No. 7/8, pp.
369-371.)

610.:MEASUREMENT OF ELECTRONIC CHARGE [and
the Agreement between Oil -Drop & X -Ray
Methods (4.8020 & 4.8023 x io-1° e.s.u.
respectively)].-Laby. (Nature, 5th Dec.
1942, Vol. 150, pp. 648-649.)

611. A NEW TEST OF GENERAL RELATIVITY USING
RADIOACTIVE IONS, REVOLVED IN A CYCLO-
TRON, AS " MOVING CLOCKS.''-Berenda.
(Phys. Review, 1st/15th Sept. 1942, Vol. 62,
No. 5/6, pp. 288-290.) In a paper on the
problem of the rotating disc. When brought
to rest, the ions should be more radioactive
than a sample which had remained at rest.
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612. MORE MAGNETIC FALLACIES [and in particular
the Comparison between the Inductances of
a Straight Wire & Solenoid].- G. W. 0. H :
Hatfield. (Wireless Engineer, June 1942,
Vol. 19, No. 225, pp. 239-242.) Editorial on
2539 of 1942.

613. ON THE THEORY OF THE MAGNETIC FIELD
[New Formulation of Ampere's " Elementary
Current " Picture].-Kneissler-Maixdorf. (See
578.) -..

614. " ELECTRIC AND MAGNETIC FIELDS " [Book
Review].-Attwood. (Electronic Eng:g,
June 1942, Vol. 15, No. 172, p. 42.)

0

MISCELLANEOUS

615. " CHART ATLAS OF COMPLEX HYPERBOLIC
AND CIRCULAR FUNCTIONS (THIRD EDITION,
1924)," and " TABLES OF COMPLEX HYPER-
BOLIC AND CIRCULAR FUNCTIONS (SECOND
EDITION, 1927) " [Book Reviews].-Kennelly.
(Proc. I.R.E., April 1942, Vol. 3o, No. 4,
p. 21I.)

616. " TABLES ' OF FUNCTIONS " 11933 & 1938
Editions : Book Review].-Jahnke & Emde.
(Proc. I.R.E.; July 1942, Vol. 3o, No. 7,
P 353)

617. NOTE ON DIMENSIONS [Criticism of Guggen-
heim's Paper].-Wilson. (Phil. Mag., Nov.
1942, Vol. 33, No. 226, pp. 842-844.) See
3070 of 1942.

618. ON FITTING DATA WITH POLYNOMIAL FUNC-
TION'S BY THE METHOD OF LEAST SQUARES.
-Weinberg. (Phys. Review, 1st/15th Sept.
1942, Vol. 62, No. 5/6, p. 304: summary
only.)

619. THE CALCULATION OF EXPERIMENTAL ERRORS :
AN EFFECTIVE GROUPING AND ANALYSIS OF
OBSERVATIONAL AND EXPERIMENTAL
ERRORS.-Espy. (Communications, June
1942, Vol. 22, No. 6, pp. 8-9.)

620. INSPECTION BY SAMPLING : EFFECT OF
NUMBER OF SAMPLES TO BULK NUMBER.-
Parsons. (Journ. Roy. Aeron. Soc., Dec.
1942. Vol. 46, No. 384, Abstracts p 473)
See also Engineering, 13th Nov. 1942, p. 395-

621. STANDARDS AND STANDARDISATION [Editorial,
including Proposed " Orders of Precision "].
-(See 516.)

622. HARMONIC ANALYSIS OF WAVES CONTAINING
ODD AND EVEN HARMONICS.-Kemp. (See
465.)

623. REMINISCENCES OF AN INSTRUMENT MAKER.-
Whipple. (Journ. of Scient. Instr., Dec. 1942,
Vol. 19, No. 12, pp. 178-183.)

624. JOSEPH HENRY, PIONEER IN SPACE COM-
MUNICATION.-Magie. (Proc. I.R.E., June
1942, Vol. 3o, No. 5, pp. 261-266.) For an
Editorial on this article see Wireless Engineer,
Dec. 1942, Vol. 19, No. 231, pp. 547-549.
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625. FREQUENCY . . . [Public Lectures on Centi-
metric Waves, Wave Guides, Cavity Reson-
ators, etc.].-Ramo. (Gen. Elec. Review,
Oct. 1942, Vol. 45, No. 1o, pp. 557-567.)

626. THE FREQUENCY SPECTRUM [and the Present
Confusion of Terminology].-Smith-Rose.
(See 327.)

627. CLASSIFICATION OF FREQUENCIES : NEED FOR
A UNIVERSAL SYSTEM [Editorial].-(See
328.)

628. PULSATANCE, ROTATANCE, OR VELOCITANCE ?
[Inappropriateness of " Pulsatance " to
represent Vector Angular Velocity : Sugges-
tions wanted : Suggestions]. -G. W. 0. H :
Sturley : Bloch. (Wireless Engineer, June
1942, Vol. 19, No. 225, p. 242 : July, No. 226,
p. 309: August, No. 227, p. 361.) Sturley
suggests " pulsance '' or even " angulocity,"
and Bloch " phase rate."

629. " FUNDAMENTALS OF ELECTRIC WAVES "
[providing " a Working Knowledge of the
Field Theory " : Book Review].-Skilling.
(Science, 23rd Oct 1942, Vol. 96, p. 363.)

63o. " ELECTRIC CIRCUITS " [300k Review].-
E.E. Staff of M.I.T. (Proc. I.R.E., May 1942,
Vol. 3o, No. 5, p. 257.)

631. PHYSIK UND TECHNIK DES ELEKTRISCHEN
FERNMELDEWESENS : I " [Electroacoustics,
Sound Films, Telephony & Telegraphy,
Voice -Frequency Transmission over Lines :
with Appendix of Circular & Hyperbolic
Functions : Book Review].-Neckenbilrger.
(E.T.Z., 8th Oct. 1942, Vol. 63, No. 39/40,
P. 478)

632 SIGNIFICANCE AND FOUNDATIONS OF MODERN
TELEGRAPHIC SYSTEMS [Comprehensive Sur-
vey].-Simon. (Funhtech. Monatshefte, May
1942, No. 5, pp. 61-76.)

633. THE EVOLUTION OF WIRE TRANSMISSION [and
particularly the " Broad Band" Period
beginning 19371. -Gray. (Elec. Communica-
tion, No. 4, Vol. zo, 1942, PP 235-245.)

CARRIER -FREQUENCY EQUIPMENT FOR SHORT
DISTANCES [giving Additional Speech Channel
on Two -Wire Circuit over about 12-15 km :
with No Valve Apparatus at Far End, only
Rectifier & Filters].-Fetzer & Hamm.
(E.T.Z., 24th Sept. 1942, Vol. 63, No. 37/38,
p. 451: summary only.)

634.

635. AUTOMATIC MONITORING CIRCUIT [primarily
to relieve Broadcasting -Station Operators
of Extra Strain of Monitoring the " Key "
Station's Programme as well as Their Own,
to intercept Air Raid Warnings : but with
Other Applications also] .-Marx. (Electronics,
March 1942, Vol. 15, No. 3, pp. 39 and 96.)

636. SWEDEN AND MAGNETIC MINES : " ELECTRIC
MASSAGING " OF. SHIPS [" by passing Them
through a High -Tension Field "].-(Elec-
pie/an, Iith Dec. 1942, Vol. 129, p. 627.)

V
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637. THE PROBLEM OF THE RAISING OF OUTPUT
IN MANUFACTURING.-ICienZle. (Zeitschr.
V.D.I., 31st Oct. 1942, Vol. 86, No. 43/44,
pp. 641-648.)

638. THE COMPLETE UTILISATION OF SCIENTIFICALLY
TRAINED PERSONNEL.-Grundfest. (Science,
2nd Oct. 1942, Vol. 96, pp. 318-319.) From
the Secretary, American Association of
Scientific Workers.

639. THE ESTABLISHMENT OF A JOINT COUNCIL OF
PROFESSIONAL SCIENTISTS. - (Journ. of
Scient. Instr., Dec. 1942, Vol. 19, No. 12,
p. 192.)

A TECHNOLOGICAL HIGH COMMAND : How FAST
IS THE U.S. MOVING TOWARDS IT ? Too
SLOWLY . . . - (Proc. I.R.E., July 1942,
Vol. 3o, No. 7, pp. 309-318: from Fortune.)

641. A SYMPOSIUM ON RADIO IN THE WAR EFFORT
[by Presidents of R.M.A., N.A.B., & I.R.E.].
-(Proc. I.R.E., Oct. 1942, Vol. 3o, No. 10,
PP. 479-484.)

(i) " We are constantly concerned with the
matter of maintenance and replacement parts . .

We are even investigating the future prospects of
utilising Boy Scouts for the necessary servicing of
the radio sets in the hands of the public, when the
service organisation as we know it has completely
gone to war . . . " (ii) What radio broadcasting
means in the war effort. (iii) What has been done
and what remains to be done, particularly the uti-
lisation of the broadcasting system for information,
instruction, and control in air attack.

642. WARTIME ENGINEERING [War & the Engineer :
Engineering Ethics : the Engineering Virtues :
Engineering Methods : etc.].-Goldsmith.
(Proc. I.R.E., July 1942, Vol. 3o, No. 7,
pp. 319-328.)

643. THE ENGINEER IN MODERN SOCIETY.-Van
Dyck. (Proc. I.R.E., July 1942, Vol. 3o,
No. 7, pp. 305-309.) " Why has technology
brought about bigger depressions instead of
smaller ones, and why more terrible wars
instead of none at all ? " " The defences
[Pearl Harbour] included devices capable
of preventing surprise attacks. Then why
was surprise attack possible ? " For a letter
to which the Editor calls special attention
see October issue, No. ro, p. 485.

644. EDITORIAL : RESEARCH AND RESEARCH
WORKERS [Wartime Problems : CooperativE
Research : Research & .Production]. -
G. W. 0. H. (Wireless Engineer, Sept. 1942,
Vol. 19, No. 228, pp. 391-393.)

645. IMAGINEERING [and the Part It should play
in the Application of Physics to Industry].-
(Journ. of Scient. Instr., Dec. 1942, Vol. 19,
No. 12, p. 192: paragraph on an Indust. 6-
Eng. Chemistry editorial.)

ENGINEERS TRAIN FOR VICTORY : THE ENGIN-
EERING, SCIENCE, AND MANAGEMENT DE-
FENCE TRAINING (ESMDT) COURSES.-
Dudley. (Electronics, March 1942, Vol. 15,
No. 3, pp. 36-38 and 103.)
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647. QST VISITS FORT MONMOUTH : TRAINING A
FIGHTING CORPS OF RADIO OPERATORS AND
REPAIRMEN.-De Soto. (QST, Oct. 1.942,
Vol. 26, No. IO, pp. 28-32 and 96, 98, rob,
108.)

648. TRAINING SIGNAL INSTRUCTORS [at the School
of Signals].-(Wireless World, Dec. 1942,
Vol. 48, No. 12, pp. 283-285.)

649. SOME NOTES AND SUGGESTIONS ON THE
TEACHING OF PHYSICS [Plea for Greater
Exactness in defining Physical Quantities and
for Greater Attention to Correct Use of
Algebraic Signs : Examples : Improvements
of Well-known Experiments : etc.].-Smith.
(Phil. Mag., NOV. 1942, Vol. 33, No. 226,
PP. 775-815.)

SCIENTIFIC FILMS AND THEIR USE IN THE
TEACHING OF PHYSICS [Physical Society
Discussion].-Ashhurst & others. (Nature,
12th Dec. 1942, Vol. 15o, p. 691 : summary
only.)

657. " HOW TO SUPERVISE PEOPLE [Book Review].
-Cooper. (Proc. I.R.E., July 1942, Vol. 3o,
No. 7, p. 353.) " There are . . . few super-
visors, young or old, whose effectiveness
will not be increased by a consideration of
the suggestions."

652. MORE ON THE J AP CODE.-Holden. (QST,
Oct. 1942, Vol. 26, No. ro, pp. 74-75.) 'See
also Millikin, 253 of January.

65o.

653. INTERNATIONAL SYSTEMS AND STANDARDS
[including the Need for an Auxiliary Inter-
national Language]. - Gregory. (Nature,
28th Nov. 1942, Vol. 15o, pp. 620-622.) From
an address to the .ASLIB conference
reported on pp. 637-638.

" BOOKLET ON WORKSHOP TERMS IN POLISH
AND ENGLISH " [Book Review].-(Electronic
Eng:g, June 1942, Vol. 15, No. 172, p. 37.)

654.

655. " ENGLISCH-DEUTSCHES WoRTERBUCH FOR
EISENBAHNSICHERUNGSWESEN UND FERN-
MELDETECHNIK " [Book Review].-Schmitz.
(E.N.T., July 1942, Vol. 19, No. 7. pp. 135-
136.)

656. ASLIB [Editorial on the Association of
Scientific Libraries and Information Bureaux
& Its Services].-(Electronic Eng:g, July
1942, Vol. 15, No. 173, p. 51.) " An organ-
isation which deserves to be more widely
known among workers in the electronic
industry."

657. UNIVERSAL DECIMAL CLASSIFICATION [Notice
of the Reprinting of a Limited Edition :
Orders invited].-British Standards Institu-
tion. (Wireless Engineer, Dec. 1942, Vol. 19,
No. 231, p. 555.)

658. DOCUMENTATION AND MICROFILM [Papers &
Discussions].-(Nature, 21st Nov. 1942,
Vol. 15o, p. 601 : summary, from Proc.
British Soc. or Internat. Bibliography.)
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659. THE PRESERVATION OF ENGINEERING DRAW-
INGS IN THE FORM OF MICROFILMS.-Penther.
(Zeitschr. V .D.I., 31st Oct. 1942, Vol. 86,
No. 43/44, p. 661.)

660. ELECTRONICS ON THE AIR [Fiteen-Minutes'
Broadcasts Three Times a Week, sponsored
by General Electric : with Stories of Develop-
ments made Possible by Electronics].-

. (Electronics, March 1942, Vol. 15, No. 3,
p. 104.)

661. RADIOELECTRIC APPARATUS AND COMPONENTS
AT THE LYONS INTERNATIONAL FAIR, 1942.-
(Genie Civil, 15th Oct. 1942, Vol. 119, No. 23,
pp. 283-284.)

SUGGESTED A.F. OR SUPERSONIC COMMUNICA-
TION USING STRATUM OF BED ROCK AS
PROPAGATING MEDIUM.-Chandler. (QST,
Oct. 1942, Vol. 26, No. Io, pp. rio and 112.)

662.

663.

664.

THE OPTICS OF SUPERSONIC WAVES, AND
SUPERSONIC IMAGES [Problem of Vision
through Opaque Media].-Barbier. (See
473.)

STUDIES IN SUPERCONDUCTIVITY [Experiments
in connection with a Superconducting Bolo -
meter for Infra -Red Radiation].-Brucksch
& others. (See 521.)

665. INFRA -RED LAMP HEATING : PAINT DRYING
AND OTHER INDUSTRIAL APPLICATIONS.-
Rowland. (Electrician, 27th Nov. 1942,
Vol. 129, pp. 575-577.)

666. THE RELATIVE SENSITIVITIES OF TELEVISION
PICK-UP TUBES, PHOTOGRAPHIC FILM, AND
THE HUMAN EYE. -Rose. (See 475.)

667. PHYSIOLOGICAL -OPTICAL BASES OF THE AIR-
RAID BLACKOUT [with Data regarding
Threshold of Eye for Various Colours,
Nomogram for Relation between Aircraft
Height, Surface & Intensity of Light Source,
etc.].-Bouma. (E.T.Z., 8th Oct. 1942,
Vol. 63, No. 39/40, pp. 473-474 : summary,
from Physica, Vol. 8, 1941, p. 398 onwards.)

668. THE ELECTROPLANE CAMERA [for Great Depths
of Field : with " Detrar " Objective improved
by Replacement of Mechanical Method of
M9vable-Element Shift by Electronic Method
of Oscillation by " Lens Coil "].-Smith-
Dieterich Corporation. (Electronics, March
1942, Vol. 15, No. 3, PP 44-47.) Cf. 2739
of 1942 and back references.

669. AUTOMATIC RECORDING OF LIGHT -SENSITIVE -
CELL CURVES BY THE PHOTOELECTRIC
RECORDER.-Wrobel. (See 485.)

670. THE GENERAL ELECTRIC LIGHT METER AND
ITS ADAPTATION TO VARIOUS OTHER LIGHT -
MEASURING DEVICES (ULTRA -VIOLET METER,
EXPOSURE METER, ETC.).-DOWS. (Gen. Elec.
Review, Sept. 1942, VOL 45, -"NO. 9, pp.
505-500
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671. AN ULTRA -VIOLET RECORDING PHOTOELECTRIC
SPECTROPHOTOMETER. - Pfister & Rank.
(Phys. Review, ist/15th Sept. 1942, Vol. 62,
No. 5/6, p. 298: summary only.) For the
" extended -range galvanometer -deflection re-
cording system " see 3449 of 1942.

672. ELECTRONIC CONTROL FOR CARBON ARCS [in
Motion -Picture Projection].-Flaherty. (Elec-
tronics, March 1942, Vol. 15, No. 3, pp. 65-66
and 7o.)

673. PHOTOELECTRIC SCANNER [Light Source, Lens
System, & Two Phototubes, in Single
Housing, useful wherever Light reflected from
a Surface close to Unit can be employed to
Control an Industrial Process].-United
Cinephone. (Electronics, March 1942, Vol.
15, No. 3, pp. 7o and 72.)

674. PHOTOTUBE-CONTROLLED REVOLVING DOOR.
-(Electronics, March 1942, Vol. 15, No. 3,
p. 72.)

675. PHOTOELECTRIC INTRUSION -DETECTION SYS-
TEM [for Protection against Sabotage : Units
incorporating Mechanical & Electronic Design
Innovations].-Electronic Control Corpora-
tion. (Electronics, March 1942, Vol. 15,
No. 3, pp. 73 and 74.)

676. THE USE OF SECONDARY ELECTRON EMISSION
TO OBTAIN TRIGGER OR RELAY ACTION

' [similar to That of a Thyratron but capable
of much Higher Operating Speeds].-Skellett.
(Phys. Reviezv, 1st/15th Sept. 194i, Vol. 62,
No. 5/6, p. 296: summary only.)

677. ELECTRICAL EXTENSOMETERS [Carbon -Line
Principle : made by Philips Electric Com-
pany, Zurich]. - Stettler. (Journ. Roy.
Aeron. Soc., Dec. 1942, Vol. 46, No. 384,
Abstracts p. 480.)

DIFFERENTIAL -INPUT CIRCUITS FOR BIO-
LOGICAL AMPLIFIERS [Survey, including
Papers occurring only in Medical Journals],
and DISCUSSION OF THE ABOVE PAPER.-
Saunders : Debski. (See 344.)

679. THE AUTOMATIC ANALYSIS OF ULTRA -LOW -
FREQUENCY TRANSIENTS: METHOD OF
A. M. GRASS, B.S. [for Electro-Encephalo-
graphy].-Dawson : Grass. (See 537.)

A CAMERA FOR RECORDING LOW -SPEED
TRANSIENTS WITH A CATHODE-RAY OSCILLO-
GRAPH.-Dawson. (See 538.)

CATHODE - RAY - OSCILLOGRAPH DELAYED
SINGLE - SWEEP CIRCUITS [primarily for
Cardiac Research].-Gilson. (See 533.)

682. SUPPLEMENTARY LETTER ON " ELECTRONIC
SWITCHING IN MEDICAL RESEARCH : SIMPLI-
FIED APPARATUS FOR MULTIPLE RECORD-
ING " [2888 of 1942].-Dawson. (Electronic
Eng:g, May 1942, Vol. 14, No. 171, p. 772.)

HIGH -FREQUENCY APPARATUS: RELAXATION
OF CONTROL ORDER.-(Wireless Engineer,
Sept. 1942, VOL 19, No. 228, p. 400.)

678.

68o

681.

683.
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Eye fatigue has a serious effect upon the accuracy
and quantity of a worker's output. That is why it
is desirable to have lighting as near as possible
to daylight at all hours, for
daylight is the ideal light
for the human eye.
The Crompton Fluorescent
Tube brings to a factory
virtually pure daylight
which is easy on the eyes.

LET THE CROMPTON
LIGHTING SERVICE

PLAN YOUR LIGHTING

CROMPTON

fluorescent
TUBE

iii

EYES DO NOT
TIRE SO QUICKLY

IN DAYLIGHT

As a result accurate colour discrimination becomes
practicable. It brings many other advantages too.
It is free from glare, hard shadows and reflected

dazzle and it is very economi-
cal. An 80 watt tube gives
almost as much light as a
200 watt filament lamp and
it lasts twice as long. From
every point of view it is
the ideal light for industrial
plants.

80 WATTS. LENGTH 5 FT.

CROMPTON PARKINSON LTD., ELECTRA HOUSE, VICTORIA EMBANKMENT, LONDON, W.C.2
Telephone: Temple Bar 5911 Telegrams: Crompark, Eat rand, London
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all de Ocean ki a cAvad
. . . . a ship ploughs its way to port. Often contact with the world seems
all but lost through fog or gale. But thanks to radio, contact is never lost.

Each ship, great or small, can receive whatever warnings, whatever orders,
whatever news or encouragement its guardians afloat and ashore may send forth.
Dubilier are proud to know that they are helping this great work, helping in
the equipment which is bringing the ships home.

DU B1 ER
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C.R.C.1 60

Printed in England for the Publishers, ILIFFE & SONS LTD., Dor,set House, Stamford Street, London, S.E.1,
by The Cornwall Press Ltd., Paris Garden, Stamford Street, London, S.E.1.


