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IMPROVED U -H -F SIGNAL GENERATOR, TYPE 804-B
With Frequency Range of 7.5 to 330 Mc/sec.

 Wide Frequency Range : 5 Coils, selected by
rotary panel switch. 7.5-22, 22-5o, 50-120,
120-24o and 240-330 Mc/sec. A sixth coil
position is provided and an unwound coil form
supplied, catering for any additional range
desired by the user.

 Direct Frequency Calibration : Redesigned,
very -slow-motion gearing, giving great precision
of setting.

 Ample Output Voltage : I microvolt to 20
millivolts up to 100 Mc/sec.; I microvolt to
10 millivolts, 100-330 Mc/sec.

 Output System : Obtained across a 75 -ohm
cable.

Modulation : Amplitude modulated, con-
tinuously adjustable o to 6o per cent. Internal
at 400 cyc./sec. ; External, flat within 2 db from

5o to 20,000 cyc./sec. Input impedance o.2c
megohm.

 Stray Fields : Not noticeable, except with
receivers of better than I microvolt sensitivity.

 Tuned Circuit : Particularly compact, with
unusually short leads. Coils mounted on mycalex.
Uses the new type 755-A Condenser. Oscillator
tube is RCA -955.

 Attenuator : Capacitative. Improved design,
based on several years' experience. A 3 -foot,
concentrically -shielded 75 -ohm cable is supplied,
with Terminal Unit 774-YA-I and External
Attenuator 774-X-1.

 Dimensions, etc.: 191. in. >: 9 in. 'x ui in.
Walnut cabinet with hinged cover. Weight 32 lbs.
Completely A -C operated.

Reduced Price £113 15s. net.
REASONABLY EARLY DELIVERY CAN BE GIVEN AGAINST IA PRIORITIESFOR COMPLETE INFORMATION REQUEST A SPECIMEN OF "BULLETIN No. 241."

CLAUDE LYONS, LTD
Head Offices : 76, OLDHALL STREET, LIVERPOOL, 3'Grams : " MINMETKEM, LIVERPOOL " Tel.: CENTRAL 4641 2 3 lines
London: "Queen's House," 180-182A, TOTTENHAM COURT ROAD, W.1'Grams : "MINMETKEM, RATH, LONDON " Tel.: MUSeum 3025 6-2 lines
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A hand beckons . . . the wood ' describes

a graceful arc and comes slowly to rest.
With Mullard, too, the beckoning hand of
world events shapes a course for progress to
follow. And Mullard technical skill is guided

and directed towards that end. The q
developments in electronic technic1
taking place in Mullard laboratories 2

factories today will determine the tril
of manufacturing policy for years to col.

MULLARD
THE MASTER VALVE

TRANSMITTING AND RECEIVING VALVES FOR COMMUNICATIONS BROADCASTING

TELEVISION  SOUND AMPLIFICATION  ELECTRO-MEDICAL EQUIPMENT  INDUSTRIAL EQUIPM

THE MULLARD WIRELESS SERVICE CO. LTD., CENTURY HOUSE, SH AFTESBURY AVENUE, LONDON,
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STANDARD
SIGNAL GENERATOR

Carrier Frequency Range: 85 kc/s to 25 Mc/s
directly calibrated with extension down to
20 kc/s if desired.

Output : 1 microvolt to 1 volt.

Internal Modulation : 400 c/s adjustable to
80(-( ; also suitable for external modulation.

Mains operated : 200-250 volts, 40-100 c/s.

Type TF. 144

MARCONI
INSTRUMENTS

LTD.,
ST. ALBANS, HERTS

Tel.: 4323
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British
Made.

Models
available for
Battery opera-
tion and for
A.C. Mains

operation.

'AVO'
Regd. Trade Mark

The All -Wave AVO-OSCILLATOR
Covers continuous fundamental frequency band from 95 Kc. to
40 Mc. by means of six separate coils. Calibrated harmonic
scale extends range to 80 Mc. Each band calibrated in Kc.;
accurate to within 1 per cent. Max. output 1-v., delivered into
a 90 -ohms non -inductive output load. Internally modulated,
externally mcdulated or pure R.F. signal at will. Separate valve
oscillator provides L.F. modulation of good wave form at
approx. 400 C.P.S. to a depth of 30 per cent. Fully screened
output lead ; dummy aerials for long, medium and short waves.
In fully screened case.
Sole Proprietors mut Manufacturers:
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO. LTD., Winder House, Douglas Street, London, S.W.I.

PRECISION
TESTING INSTRUMENT,

The MODEL 7 46 -Range Universal

AVOMETER
Electrical Measuring Instrument

A self-contained, precision moving -coil instru-
ment, conforming to B.S. 1st 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. Pro-
vided with automatic compensation for errors
arising from variations in temperature, and is
protected by an automatic cut-out against

. damage through overload.

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.

 Write for fully descriptive literature
and current prices.

Phone : Victoria

Here is the
remedy for the
destructive
force of vibra-
tion without
experimentin gwith non-standard
methods or
materials.
A wide rangeof shapes
and sizes are
available for
sensitive in -
struments andall Radio
Equipment.Unit loads
supported from
four ounces
upwards.

ANTI -VIBRATION

MOUNTINGS
AIR MINISTRY APPROVED

SILENTBLOC LTD., Victoria Gdns., Ladbroke Rd., Notting Hill Gate, W.11. Telephone :
PARK 9821 (4 Ursa).
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In the considered judgment of leading engineers...

Fete the;afidtungsten
Imote lead. sharp
edges on 0%!.6,riCfr of

, bulb to coo,,, corona..

.:ole sturdy loins of plate hood
^0 plate lead and then absence
of complicated plate stern seal.
\,!11110.< th 11% Ily. 90

When important decisions are made about radio valves it is not uncommon for
an Eimac valve to win the honors. 'Reason: the designers of Eimac valves have
consistently held as their objective the anticipation of the future requirements
of the radio industry. Efforts have not been confined to the production of a
valve for yesterday's requirements.

This policy has kept Eimac valves ahead of the industry...a factor that is logical
because the efficiency and progress of radio depends almost entirely upon the
developmentof new ideas...new improvements in radio valve performance Take
the Eimac 250T, for example, which now possesses the most recently devel
oped refinements. Check these features illustrated below and then check the
performance of Eimac valves in your transmitter You'll see then why Eimac
valves are to be found in most of the important new developments in radio.

Follow the leaders to

Tungsten bar grid lead
straight through bulb I

Eitel-McCullough, Inc
San Bruno, California, U S. A

Improved thonated rung.
sten filament for long lite

Sparklingly clean bulb attests
the hard vacuum and absence
of contaminating gas. All
Eimac valves are uncondition.
ally guaranteed against pre.
mature failures caused hypes
released internally

Export Agent: FRAZAR & CO. LTD., 301 Clay Street, San Francisco, California, U.S.A.



e Avoids Dry Joints Increases Elec-

trical Efficiency of Joints Speedily

makes Sound Joints on Dirty or Oxidised

Surfaces Always Correct Propor-
tions of. Flux and Solder No addi-
tional Fluk Required Low Melting
Point (190° C. for 60/40 alloy) Ap-
proved by Air Ministry and G.P.O.

 All -British and acknowledged by the
leading Manufacturers to be the finest
Cored Solder in the world.

WIRELESS April,
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Constant Voltage
A NEW 'ADVANCE' IN
TRANSFORMER DESIGN

Line voltage variations of
+15% reduced to -±1.1%

Stabilize your Electrical Instruments
by using an "ADVANCE " Constant

Voltage Transformer

TYPICAL SPECIFICATION
Input Voltage: 190-260 v. 5o c.
Output Voltage : 230 v. ± t%.
Max. load: ... I5o watts.

Input power factor over 9o%.

ADVANCE COMPONENTS- LTD.,
Back Rd., Sher;nhall St., Walthamstow,.London, E 17

Telephone : Larkswood 4366-7

LABORATORY TESTS SHOW WHY
ERSIN MULTICORE IS SUPERIOR

kt

SINGLE CORE v. MULTICORE
Tag A, soldered with ordinary single core

'rosin solder, has fused only with copper
braid, without spreading appreciably. A
typical " dry joint."
Tag B, soldered with Ersin Multicore f.has.
spread evenly over both nickel and copper
surfaces, including whole length of braid
by capillary action, thus making a. sound.
mechanical and electrical joint.

PRICE ON APPLICATIC1
Write for details.
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METALASTIK IN PRACTICE
A few examples from the hundreds of
applications of RUBBER-TO -METAL Welding

14:

Instrumounting
.-.1J

:_=-7---_

1111111111 !1;11111111:111111111111 ql+Ich,=

Cross Type Mounting

F.S. Mounting

ff. 4

Instrumounting

Engine Mounting= -,-,- Heavy Duty Mounting- =

illiiiiiiiiiiiiIIIIiiiiiiiiiiillinilliiIiblitiliiilitiltilliiiiiiiiiiiiMitimiqiilitlititilwo4tvi,.:.=
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Z. Coupling Wedge Type Coupling
_--.= =
=7 Ell

Consult us on all your vibration problems-they can be solve(' by illetala.rtik.

Heavy Duty Coupling

-1:/...we'07dv y ;.. ,,,,,,,,;w,,,cox, vvr4vmes, ,/,,, ,0" -,.....::::,;;E:4..wx,,,2 ./ ..... ./., . /(...9 , , , , , // /. /./.,,,, ,y, Jo ,. ',".c: 4,5,10.4,

TA L YIII

1METALASTIK LTD.

ANTI-VIBRAT
z .,X

TI ki://

LEICESTER
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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 1% total
Harmonic distortion.

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

4 Output Impedances selected
by switch.

Multi -range Rectifier Output
meter.

All stages checked by milli -
ammeter.

Hum Content less than 0-16%.

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

Output within + 0-5db. 20 to
15,000 c.p.s.

110/200,250 volts, 50 cycles.

L67-10-0.
Model L0800.

BIRMINGHAM SOUND REPRODUCERS LTD.,
CLAREMONT WORKS, OLD HILL, STAFFS, 'Phone : Cradle)/ Heath 6212/3. 'Grams : Electronic, Old Hill.

LAMINATED MATERIAL

-7-tataikal4
Countless valves stand four-square on Holders made from
"DELARON," which is available in Fabric and Hard Paper
Sheets in Air Ministry and Ministry of Supply approved
grades. Special panels and strips gladly cut to order. Fullest
details, samples and prices on request.

5, REGENT PARADE, BRIGHTON RD.,
SUTTON, SURREY. Tel.: Vigilant 4472.

1111111111111111111111MIIM

Made from Seasoned Timber
INSTRUMENT CASES

AND CABINETS
Apparatus Cupboards and Racks

LABORATORY FITTINGS
Baseboards, Formers, Dowels, etc.

SECTIONAL MASTS
(up to 50 feet high)

All supplied to Individual and Trade requirements,
singly or in quantity. Quotations given upon

receipt of details. No price lists issued.

R. SPEAKE & SONS LIMITEI
Specialist Joinery Manufacturers

STAFFORD ST., WOLVERHAMPTOrd
Telephone : Wolverhampton 20429

(Contractors to various Government Departments,
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SMOOTH HIGH -VOLTAGE CONTROL

"VARIAC"
VOLTAGE

REGULATORS

ff

VARIACS provide the simplest and most efficient means for the continuous control
of high -voltage direct current. They are very efficient. Unlike resistive controls,
the output obtained from the VARIAC is independent of applied load up to the full
load rating.

VARIACS are employed largely in experimental work when it is desired to control
the output voltage through a simple 320 degree rotary motion. They are also very
useful to restore subnormal voltage lines to normality, to provide above -line voltages
for over -voltage tests. They are, of course, often built-in as permanent controls in
installations of very many patterns.

The uses of the VARIAC are innumerable. Full -descriptive and well -illustrated
Art Brochure free on request. The most popular models are priced as follows :

100-L .. £11 18 0 100-R .. £12 6 0 50-B .. £32 10 0
200-B .. £3 10 0 200 -CM .. £5 5 0 200-CMH.. £6 10 0
200 -CU .. £4 10 0 200-CUH 10 6 (All plus 10% except 50-B)

LOAD RATINGS VARY FROM 170 VA (200-13) to 7 KVA (50-B).
AUTOMATIC VOLTAGE STABILISERS : where manual control is undesirable

we can supply regulators of the well-known " RAYTHEON " pattern-also British
Made, in several types, ranging from 30 Watts to 450 Watts, and we invite enquiries.

For Complete Information consult Catalogue K, pages 12-16, etc.

CLAUDE LYON'S LIMITED
180, TOTTENHAM COURT ROAD, LONDON, W.1
H.O. & WORKS : 76, OLDHALL ST., LIVERPOOL, 3, LANCS.

Across the horizon stretches the

unseen highway. Back and forth,

day and night, go the soundless

impulses- traffic of the world's
wireless communication. The

efforts of Rediffusion Ltd. are
directed to the design and

production of equipment for

such essential services.

L IMITED
;PFACTURERS OF COMMUNICATION EQUIPMENT

TORIA STREET  LONDON SVVI (PHONE VICTORIA 8831)
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* Woden make Transformers for
every purpose.
*Special dehyd rating processes and
high grade insulating materials en-
sure reliability.
* Transformers and chokes can be

PPEMAKERS OF TRANSFORMERS, POWER PACKS AND SPECIAL
RECEIVING AND TRANSMITTING APPARATUS

built into complete power packs to
your specification.

* Available in quantities for pro-
duction. Specially quick delivery of
singles for Government Department
research work.

NTRANSFORMER CO.
Thornley St., Wolverhampton.

Tel.. Wolverhampton 22829

\TANNOW
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

Piezo QUARTZ CRYSTALS
for all applications.

Full details on request.

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

"DAINITE" SERVICE offers small
intricate rubber mouldings (fre,

quently to customers' own specifi-
cations) to meet difficult service

conditions. We may help you to
solve your War problems, and later
meet the requirements of happier

days to come.

BOON
the famous

"Q" METER

A most versatile
Laboratory
instrument with
applications in
every branch of
the Radio and
Electrical
Industries.

Measures "Q " of coils directly without calculation, Power factors
of condensers, dielectrics, insulating materials, waxes, oils, yarns,
etc. Direct calibration of oscillator and built-in Standard Condenser.

Send for details of this outstanding instrument and of other
items available from the ranges of Ferris, Clough-

Brengle, Ballantine and Hewlett-Packard equipment.

EKIENBIIR I soap
TEL P1iO ,TERMIKUS

0.61.1GH-BRENUEBOONTONFERRISBALLANTINEHEWLETT-PAC

wLARGE

F
DEPT. FOR WIRELESS BOOKS.OYLES

BOOKSELLERS TO THE WORLD-NEW AN
SECONDHAND BOOKS ON EVERY SUBJECT
Catalogues Free. Books Bough 1
113-125, CHARING CROSS ROAD, LONDON, W.C.2
Tel.: GERrard 5660 (16 lines). Open 9 a.m.-6 p.m., including Saturday

SUPPLIERS OF :

BERYLLIUM X-ROAXYITDUEBENWITIRNADTOEM
BUYERS OF:

TUNGSTEN AND MOLYBDENUM SCRAP:;!
BRITISH UNICORN LTD.,

122, LONDON WALL, LONDON, E.D.2

- Sole Maoufaeltirers:- THE HARBORO' RUBBER CO., LTD., MARKET HARBOROUGH.

me omc
Mu

liadaof.0
Ere<ted Ill
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A series of second graqe

inductance standards-

reliable yet inexpensive

and of relatively small

dimensions-is made by

H. W. Sullivan Limited.

Constructed on the well known Sullivan -

Griffiths principle of thermal compensation,

these coils have a negligible temperature

coefficient of inductance.

These coils, whether simple, tapped or coupled,

may be adjusted accurately to any value.

An advertisement of H, W. Sullivan Limited, London, S.E.I5. Telephone : New Cross 3225 (Private Branch Exchange).
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PUBLICATION C -III -A

INSTRUMENT DIALS &

CONTROL KNOBS

Our latest catalogue, Publication
No. C -Iii -A, fully illustrates and
describes over 6o different Dials,
Drives, Scales, Knobs and Miscellaneous
Parts which are of vital interest to designers
and manufacturers of electrical instruments.

REMEMBER PUBLICATION C- III - A
A copy will be supplied on request.

MUIRHEAD
MUIRHEAD & CO. LTD.

ELMERS END, BECKENHAM, KENT
BECKENHAM - 0041-0042

FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS
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Only highest grade raw materials used. Continuous

and rigorous mechanical and electrical tests ensure

efficiency and dependability.

Type approved tropical finish on request.

Full details and advice gladly given.

12-20 LAYSTALL STREET, LONDON, E.C.1.
'Phone : TERminus 7383. 'Grams : CALANEL, SMITH, LONDON.

CONTRACTORS TO G.P.O. & GOVT. DEPARTMENTS. ON A.I.D. APPROVED LIST.

Printed in England for the Publishers, ILIFFE & SONS LTD., Dorset House, Stamford Street, London, S,E.1,by The Cornwall Press Ltd.. Paris Garden, Stamford Street, London, S.E.I..



WIRELESS
ENGINEER

April, 1942

The stars
look iloiy . .

.. upon the sleeping villages and

towns of England. Over the

peaceful scene the moon mounts

guard with watchful eye. Yet, at

any given moment, should the

necessity arise, the quietest country

village can be in instant communi-

cation with the greatest city ; can

command its resources and enlist

its help. Our products for many

years have served in spreading

human happiness and in forging

links between men, and to -day

we still proudly play our part in

maintaining human fellowship.

DUBI LI ER
CONDENSER CO (1925) LTD.
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Editorial
Superheterodyne Receiver Tracking

ONE of the problems of superhetero-
dyne design is the construction of
two circuits, the resonant frequencies

of which shall differ by a fixed amount at
all points in the tuning band. If they do
this they are said to " track " exactly, but
such an ideal could only be attained by very
elaborate and expensive methods. In prac-
tice identical tuning condensers are em-
ployed in the two circuits and carefully
ganged, but in the oscillator circuit a fixed
condenser-the padding condenser-is con-
nected in .series with the variable condenser
and a small trimmer condenser is connected
either across the variable condenser or
across the coil. The coil in the oscillator
,circuit has a smaller inductance than that

:circuit
the signal circuit, so that the oscillator

circuit has a higher resonant frequency than
the signal circuit due both to reduced in-
ductance and reduced capacitance. The
problem is to choose the three variables,
viz., the inductance, the padding capacitance
and the trimmer capacitance so that the
tracking shall be as accurate as possible,
that is, so that the difference between the
two frequencies shall be as constant as
possible. A notable contribution to this
problem was made by A. L. M. Sowerbyl in
1932 ; more recently we have published two
papers by Dr. M. Wald2 on the same subject.

In two recent issues of the Australian
A.W.A. Technical Review articles have been
published 3 4 entitled " Superheterodyne
Tracking Charts," going into the matter
very thoroughly and giving charts to simplify
the rather complicated calculations.

Minimising Tuning Deviation

With the three variables it is only possible
to obtain the exact value of the desired
frequency difference at three .points in the
tuning range. Dr. Wald discussed the pro-
blem of determining the best position of
these three points in the tuning range in.
order that the greatest deviation from the
desired frequency difference might be reduced
to the smallest possible value. This is
obviously the best solution if equally good
results are desirable over the whole range,
which will normally be the case. To obtain
this result it is fairly obvious that one of the
three points must be at or near the middle
of the range and the other two near but not
at the ends of the range as shown in Fig.
in which the difference between the signal
and heterodyne frequencies is plotted against
the former. This is brought out clearly by
Dr. Wald, but in some numerical examples
calculated by Payne -Scott and Green, they
sometimes take the two outer points at the

Wireless Engineer, Vol. 9, p. 70. 3 A. L. Green, Vol. 5, p. 77.
2 Wireless Engineer, March, 1940, p. 105 ; April, 4 Ruby Payne -Scott and A. L. Green, Vol. 6,

1941, P. 146. p. 251.
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extremes of the tuning range without giving
any reason. It is probable that this is often
done in practice without realising that a
somewhat better overall result would be
obtained if the points were not taken at
the extremes of the range.

An interesting point raised by Payne -
Scott and Green concerns the position of the
trimmer Ct ; should this be connected across
the variable condenser or across the coil ?
The alternatives are shown in Fig. 2,
in which the self -capacitances of the coils
are also indicated. In all his work Dr.
Wald assumes that the trimmer is connected
across the coil, thus adding its capacitance
to that of the coil. Payne -Scott and Green
point out that, although it is often convenient
to do this, in some cases it leads to a greatly
decreased value of the inductance and there-
fore of the L/C ratio of the oscillator. This
is especially the case in the low -frequency
band. To maintain a high value of L/C
the self -capacitance of the coil itself should
be kept as small as possible, and the trimmer

should be connected across the tuning con-
denser. In the short-wave band the differ-
ence is negligible ; it is small in the medium -
wave band, but in the long -wave band they
give an actual example in which putting
the trimmer across the coil reduced the
value of the inductance required from 334
to 89.6 H. This is equivalent to a reduction
of the L/C ratio to 0.07 of what it would
otherwise be. In an example in the medium -

wave band the ratio was
0.7 of its previous value
trimmer from the variable

SIGNAL
CIRCUIT

Fig. 2.

only reduced to
by moving the

condenser to the

HETERODYNE
OSCILLATOR

CIRCUIT

coil. This is obviously a point to be borne
in mind by those concerned with super-
heterodyne design.

G. W. O. H.

Sir William Bragg, O.M.
THE passing of Sir William Henry

Bragg, O.M., on March 12th, at the
age of 79, has removed an outstanding

contributor to the world of scientific re-
search. His work in the fields of research
during the past forty years has been de-
servedly and widely recognised. He was
created a C.B.E. in 1917 for his work on
submarine detection, and in 192o he was
elevated to K.B.E. He received the Order
of Merit in 1931.

From 1935 to 194o Sir William was
president of the Royal Society and at the
time of his death was Director of the Royal
Institution.

His outstanding work was in the fields
of X-ray and crystallography. Because of
his extraordinarily wide outlook in all
scientific matters he was an able chairman
on many scientific committees. He also
had an unusual aptitude for simplifying
complex questions, and his lectures were
models of explicitness.

His elder son, Sir Lawrence Bragg, is
Cavendish Professor of Experimental
Physics at Cambridge, and Chairman of the
Institute of Physics.
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The Retarding Field Oscillator*
By Wm. Alexander, M.Sc. (Eng.), A.M.I.E.E.

Introduction
THE classic theory postulated by Bark-

hausen and Kurz1 envisages the oscil-
lations occurring in a positive grid -

negative anode triode, as an electron dance
labout the grid. The cathode grid accelerat-
ing field and the grid anode retarding field
promote a progressive influence which causes
oscillation of the electrons in the inter -
electrode space. The oscillating potential
produced at the valve electrodes has a
periodic time which depends on the transit

,'time of the electron between electrodes, or
more exactly, between the effective or
virtual positions of these electrodes, which
have their effective dimensions affected by
the presence of electron cushions of graded

is density.
i

Under certain restraining influences of an
external circuit, Gill and Morell 2 showed
that the electron oscillations could be con-
trolled between fairly well defined limits.
Thus they advanced a theory, giving an
alternative mechanism for the oscillations
produced, based on the work done by, and
on, the electrons during their travel between ...
the electrodes, and causing a nett flow of
energy to overcome the damping factor of
the tuned circuit. This led to the contention
of two possible mechanisms of oscillation
being accepted for some time, rather than
the possibility of two modes of the same
type of mechanism. Later research extended
the scope of knowledge on this subject to
cover electron oscillations occurring with
diode and tetrode types of valves.

Hollmann3 published results showing,
under certain conditions, the simultaneous
presence of B -K and G -M oscillations, as
well as demonstrating, in common with
other workers, that harmonics of ;these
electron oscillations are possible.. Cockburn4
also demonstrated the presence of two
oscillations of different wavelengths. He
deduced theoretically, and showed by prac-
tical demonstrations, the possibility of two

* MS. accepted by the Editor, January, 1942.
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mechanisms operating at one and the same
time ; one being due to the accepted B -K
mechanism, and the other due to the equiva-
lent inductance of the electron cloud, in
the valve, resonating with the geometric
capacitance of the valve electrodes. Both
postulates caused a good deal of comment,
due to the lack of evidence that there are
two different mechanisms, instead of two
modes of oscillation due to the same funda-
mental physical cause, and having more
than one degree of freedom.

McPetrie's5 measurements, taken with a
circuit where the ordinary internal. valve
leads are absent, made it possible to deter-
mine the true impedance of the circuits used
at very high frequencies. He demonstrated -
that the B -K and G -M electron oscillations,
occurring in a triode circuit, differ only in
that one occurs below, and one above, the
critical wavelength giving valve resonance.

This resonance is such that the valve
capacitance decreases from positive values,,
at wavelengths less than that Corresponding
to resonance, to zero near resonance. It
then increases negatively as the wavelength
of oscillations is further increased. The
equivalent circuit of the valve was shown
to be that of a negative resistance, in series
with a reactance which changed sign as the
frequency passed through resonance. This
corresponds to the transition from the so-
called B -K to G -M oscillations as the ex-
ternal circuit is varied in length.

Using a two electrode valve of what was
named a " grid diode " type, Gill and Morell,
and later Hollmann, demonstrated that the
oscillations produced were of somewhat
longer wavelength than those produced in
the case of the triode having similar grid
dimensions, and apparently no G -M oscil-
lations were found to be present.

Gerber6 in tests on electron oscillations,
used a parallel wire two electrode valve, or
diode, specially constructed so that these
wires were an integral part of a Lecher wire
system, extending on either side of the valve
envelope. The nature of the oscillations

6



144 WIRELESS
ENGINEER

April, 1942

produced was identical in all respects, over
a certain range of anode voltage with that
of the B -K oscillations. Above this a
second mode of oscillations, having a longer
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Circuit Details
The layout Of the oscillator used was

quite straightforward in form. Two A.T. 4o
valves, coupled in parallel, were connected

to Lecher wires 75 cms.
long and separated by
4.5 cms., running from
the common con-
nections to the grids,
and anodes, of the
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CURRENT

SC LLAT ION
MPLITUDE

J
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wavelength, was pro-
duced. The first mode
occurs in the space
charge saturated region
and the latter in the
emission saturated re-
gion of the valve cha-
r act e rist i c. Curves
showing the results due
to Gerber are reproduced
in Fig. 1. A point of
particular interest aris-
ing from these curves
was pointed out by
Megaw7. The variation
of wavelength, and am-
plitude of oscillations,
with circuit length oc-
curs in the diode with
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Fig. I (Left). Gerber's
curves for results ob-
tained with the parallel
wire diode.

Fig. z (Below). Example
of Hollnzann's results
showing variation of
anode current oscilla-
tion amplitude and wave-
length with circuit length.
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lengths below the criti-
cal length ; whereas
in the case of the triode these variations
occur with lengths above the critical length,
as is apparent from the curves of Hollmann's
results shown in Fig. 2.

In general, in all the investigations carried
out by the various workers in this field,
harmonics or oscillations of pseudo or quasi
overtone frequencies have been observed
with each type of oscillation.

0 40 60

LENGTH OF TUNING IN CMS.

80

valves. All battery connections were com-
pleted through chokes to prevent loading
of the ultra -high -frequency circuits by the
ancillary equipment. Since the electrodes
connected to the Lecher wires were not at
the same D.C. potential, the shorting strip
for tuning the Lecher wires consisted of a
low resistance vacuoj unction in series with
two blocking condensers having a capacit-
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ce sufficiently large to make the reactance
egligible at these ultra high frequencies.
The valves used were chosen, from a

batch, to have as nearly identical char-
acteristics as possible. Under
operation, the current, to the
individual valves, was adjusted
to obtain a good approximation
"to equal emission from the two
filaments. The independent
!Lecher wires, which were used
,Ifor measuring wavelengths, were
placed at various distances from
the oscillator tuning Lecher

res to observe the extent of
loading, or reaction, of the
wavemeter on the oscillator
ircuit. Throughout the tests

the wavemeter Lecher wires
were kept as remote as possible,
to ensure that the loading was
negligible.

Jr

Fig. 3. Curves showing the varia-
tion of oscillation amplitude, and
that of grid and anode current
with change of filament voltage.
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oscillation amplitude with variation of fila-
ment volts is shown. The grid voltage was
maintained fixed at Rio volts positive, the
anode voltage at 5 volts negative, and the

ITJ ISO
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Experimental Results and Conclusions

In the series of tests made the general
deductions from the results, which are in
agreement with those obtained previously by
other investigators, are as follows.

Tuning of the Lecher wire circuit by the
shorting strip shows a critical change in

and frequency of the electronic
oscillations. The position of the shorting
strip to produce this critical change depends

ii,on, and varies with, the positive grid voltage,
negative anode voltage, and filament voltage.

With Rio volts positive on the grid the
critical change took place at 45 cms. and
at 5o volts, at 6o cms. from the valves, due

into effective decrease in electrode dimensions
caused by the presence of a bank of electrons.

oreover, this critical change was accom-
panied by the usual rapid increase in anode
current. Referring to Fig. 3 of the results
btained, it is of interest to consider the

following parts in detail. In this figure the
variation of grid current, anode current, and

0
4 5 0 6 0

FILAMENT VOLTS

OSCILLATION
AMPLITUDE

ANODE
CURRENT

GRID
CURRENT N

shorting strip set at 37 cms. from the valves.
The variation of grid current, which increases
at an increasing rate with filament voltage,
shows the presence of emission saturation
up to the larger values of filament voltage.
Any further rise in filament temperature
would cause a space charge saturated con-
dition to obtain. Current of a measurable
quantity commences to flow to the anode
with about 4.2 volts on the filaments, and
rises slowly with increase of filament volts
until, at a point of inflexion in the anode
current curve, occurring at about 5.2 volts,
the oscillatory current commences to rise,
and does so sharply, until we approach the
point where emission saturation disappears.

At this point, there is a sudden and
apparently complex condition which causes
both the amplitude of oscillations, and the
anode current, to take one of two values
without any detectable change in filament
conditions, or change in tuning of the
external circuit. With further increase in
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filament volts, both the oscillatory and anode
currents fall rapidly.

A series of tests was carried out at the
above critical condition, the results now
mentioned being the most interesting. With
the filament voltage at the critical value, and
grid voltage and anode voltage as above,
the variation of anode current, and amplitude
of oscillations, with the distance of the
shorting strip from the valves are shown
in Fig. 4.

The anode current decreases to a minimum,
and then rises very sharply to a maximum
value ; at the same position of the shorting
strip a marked increase to a maximum
occurs in oscillatory current. The corre-
sponding critical length of the Lecher wire
circuit was 45 cms. This is obviously due
to the transition from B -K to G -M oscillations
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rapid change from the B -K to G -M condi-
tions of oscillation. It is notable that the
sub -maximum referred to occurs with mini-
mum anode current. The shape of the
oscillation amplitude curve previous to this
is the inverse of the anode current curve.
If, at the same time, we consider the wave -
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occurring with variation of the external
tuning, and it is interesting to compare this
variation with the corresponding variations
in anode current, and amplitude of oscilla-
tions, shown in Hollmann's curves, Fig. 2.
What is not apparent in the latter, but is
very marked in Fig. 4, is the large increase
of oscillation amplitude, to a sub -maximum,
occurring at a low value of anode current,
and rising to a peak value previous to the

80

Fig. 4 (Left). Variation
oscillation amplitude and
anode current with length
of tuning circuit in cms.

Fig. 5 (Above). Curves
showing the effect of the
length of tuning circuit
wires on the wavelength
of oscillations present.

length of the oscillations generated, corre-
sponding to various positions of the shorting
strip (Fig. 5), it is seen that there are two
discreet oscillations present of different
wavelengths. These oscillations respond in
different ways to variations in the distance
of the shorting strip. They are described
as cc and p types. The a oscillations remain
nearly constant in wavelength with change
of circuit length, and are given, to a good
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egree of accuracy, by the B -K formula
A --mood', giving a result very close to

Airg
those obtained by Chapman8 using similar
types of valves. The /3 oscillations, however,
decrease slightly, but unifoimly, as the
circuit length is increased. At the - critical
position for the shorting strip, that is when
,the oscillations pass from the B -K to G -M
Imodes, there is a large increase in oscillation
amplitude together with the customary
increase in anode current. Thereafter, the
x and fi oscillations have their wavelengths
xed according to the tuning of the external

circuit, both a and P types being still de-
tectable.

y A comparison of the above results with
(those of Hollmann and Gerber show inter-
esting similarities.

First, the a oscillations which are initially
constant, vary in wavelength in a similar
manner to those obtained by Hollmann,
Fig. 2. The anode current variation with

iixternal circuit tuning is also similar.
Further, as Megaw7 points out, the variations

tDf amplitude of oscillation and anode
current are such that we have a gradual
lecrease in amplitude, from a sudden
maximum, as the circuit length is increased.
secondly, the fi oscillations, which decrease
g-radually at first, vary in wavelength in a
manner similar to those obtained by Gerber
with the parallel wire diode (see curve in

ig. 1). The same applies to the anode
current variation. Moreover, from the curve
in Fig. 4, the variation of oscillation amplitude
shows a maximum during a minimum of
node current, which is very similar to
fferber's results, and moreover, again to
luote Megaw, the variations of amplitude
)f oscillation, and anode current, are now

gradual decrease from a maximum as the
ircuit length is decreased.
Finally, it might be said that, from the

omparative results obtained and the infer-
nces drawn from these comparisons, the
resence of what might be called triode
ype (a) and diode type (,8) oscillations are
imultaneously apparent in the retarding
eld oscillator. This is, no doubt, due to the
resence of at least two degrees of freedom
n the mechanism of oscillation. The critical
,onditions obtained might be said to be a
articular case, and moreover, an interesting
emonstration, covered by Hollmann's theory
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of " inversions "9. However, the exact mode
of oscillation cannot be proved without
further investigation, to which it is hoped
to return at a future date, the present results
being obtained during a very short, and
hardly comprehensive, series of tests, in the
nature of a laboratory demonstration.

In conclusion, I wish to commend the
following graduates of Liverpool University,
namely : Messrs. Maclese, Northrop and
Vernon, B.Eng., for their experimental
versatility, as students, in obtaining much
reliable data upon part of which the fore-
going results are' based. My gratitude, also,
is due to Prof. E. W. Marchant frit. his con-
tinued kindly interest and encouragement.
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Meetings in April
Athe meeting of the Wireless Section of the
Institution of Electrical Engineers on Wed-
nesday, April ist, J. E. Thwaites and F. J. M.

Laver will deliver a paper on " The Technique
of Frequency Measurement and its Applications
to Telecommunications." The subject to be dis-
cussed at the informal meeting of the Section on
Tuesday, April i4th, will be " Distortionless Detec-
tion." The opener will be' A. J. Heins van der Ven.

On April 23rd, Dr. 0. E. Buckley will deliver the
Institution's 33rd Kelvin Lecture. His subject
will be " The Future of Transoceanic Telephony."

All I.E.E. meetings now begin at 6 o'clock.
Capt. P. P. Eckersley will deliver a paper en-

titled " Future Development in Radio Com-
munication " at the meeting of the British In-
stitution of Radio Engineers on Saturday, April
18th. The meeting, which will be held at the
Federation of British Industries, 21, Tothill Street,
Westminster, London, is timed for 3 o'clock.
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The Temperature Compensation of
Condensers

By W. H. F. Griffiths, F.Inst.P,, M.I.E.E., M.I.R.E.
(Concluded from page III

AT the conclusion of the first part of
this article the author described the
principle of a simple method of com-

pensating the temperature coefficients of
condensers and the application of the prin-
ciple to the compensation of an air condenser
of fixed value.

The method is applied to a variable air
condenser in the manner depicted in Fig. 7.
The fixed plates (6) of this condenser are
interleaved with the moving plates (7) which
are shaped to give any desired law of capacit-
ance change. The moving plates are mounted
in a conventional manner on a spindle (8)
which rotates in the bearing (9). The end
moving plate (io) is cut from bimetal sheet
and is shaped to give the correct amount of
compensation for all angular positions of
the moving plate system. The bimetal plate
is divided into sections by a number of saw -

Fig. 7.

of the March, 1942, issue)

cuts (ix) and the air gap of the condenser it
forms is adjusted to the required amount
by the dimension of the spacing collar (12).

It should be noted that Thomas provides
no temperature compensation for the mini -

VARIABLE AIR CONDENSER

Cv=a0 c, CF CS

VARIABLE CONDENSER
RESIDUAL

FIXED
AUGMENTING
CONDENSER

CAS

AUGMENTATION
OF RESIDUAL

T
RESULT ANT RESIDUAL

b s CR4 CF + C5 CAS+CA

Fig. 8.

mum settings of his compensated variable
condensers. In his third model, for example,
the capacitance corresponding to any angular
setting 0 is given by :-

C = 1.21 0 ± 47
whereas the compensation provided is merely
proportional to 0. This may not be serious
in such a rigidly constructed condenser with
quartz insulation. In a more commercially
constructed variable condenser, however,
changes of geometry other than that of the
plate systems may occur with temperature
change and, more important still, quite large
changes of permittivity with temperature
may occur in the solid insulators of the con-
denser if these are of material less perfect
than quartz.

The temperature coefficient of a variable
condenser is, in fact, rarely constant through-
out its range, as is well shown by the curves
of Fig. 9. Before examining these curves
it will be well to separate the various com-
ponents of the capacitance of a variable
condenser so that their contribution to the
resultant temperature coefficient may be
more readily understood.

ii
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The elements of any variable condenser
may be represented as in Fig. 8. For
simplicity, the condenser shown has a linear
law of capacitance C ----- a0 + b, but one of
any other law may be treated similarly.
For completeness the variable condenser is
shown augmented by a fixed condenser,

1

but if such is not the case the elements
c and CA may be ignored. Using the
notation of Fig. 8,

C =--- a0 ± b
= a0 ± (cR ± c, + cs + cAs + CA)

1 The full expression for temperature coefficient
corresponding with the above formula is :-

AC oca0

60

Ac 40

C 20

00 45

C a6 +b
f3cR

+
yCs SCAR ECA

a0 -kb a0±b a0 -1-b

(12)

CR ... 0

CF =0
CS

A,

60

AO

20

0

60

40

20

0

90 135 160
0

B,

eR (p=0)
CF= 5
Cs = 25 (7,=+20)

A2

CR=10(p=0)
CF = 15
Cs =25(y= +10C)

A3

a = 2.22 (a= -1- 2C)
C As =0
CA -o

B3

a =2.22 (a = +60)
C As =0
CA =0

C2 C3

a =2.22 (cc= +60)
CAS =25 (.5=y)

CA =175 (.6 = +3.)

60

40

Di D2

Fig. 9.

D3

a = 2.22 (a= +60)
Cps =0
CA =200(e= +6C)

a (=2.22 ,a=
C As -0
CA =200 (6= -60)

where the following are the temperature
coefficients of the components :-

a = that of the variable capacitance
(assumed constant for all values
of 0).

= that of the residual, c, of the
variable capacitance (Where B = o).

y = that of the permittivity of the
solid insulating material (capacit-
ance cs) of the variable condenser
(including terminal insulation).

8 = that of the permittivity of the
solid insulating material (capacit-
ance c) of the fixed condenser
(including terminal insulation).

E = that of the air capacitance CA of
the fixed condenser or of the per-
mittivity of the solid dielectric
material if CA is not an air con-
denser.

The temperature coefficient of the invariable
air capacitance c, of the structure or frame-
work of the variable condenser may be
assumed to be zero if such structure is rigid

and any electrostatic shield, stout.
All capacitance due to field through
air dielectric other than that between
'the interleaved condenser plates is
included in CF.

The diversity of possible types
of temperature coefficient curves
which may be associated with a
variable air condenser is shown in
Fig. 9. These curves have been
plotted from computations based
on expression (12) for a variable
condenser of 400 ik,u,F capacitance.
change but having different values
of residual capacitance and various
kinds of solid insulation. The
curves are of temperature coeffi-

cientAC per deg. C. in parts in a
C -

million plotted against the angular
setting 0 of the condenser in degrees.

Curve A1 is that which one would
naturally associate with the theor-
etical case of a variable air con-
denser having negligible residual
capacitance, i.e. in which C = a0,
in this case 2.22 0,, and constructed
throughout from metal having a
temperature coefficient of linear ex-

pansion of 20 x 10-6 per deg. C. Ordin-
arily, however, such a condenser would have
some residual capacitance and if this value
(cR c, cs) is assumed to be 5o ttifiF
(C = 2.22 6 + 50) of which cs is 25 µµF and
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is of fused silica having a temperature co-
efficient of permittivity of 20 X 10-6 per
deg. C., the temperature coefficient curve A 2,
results. If instead of silica the solid in-
sulation cs consists of the same amount
(capacitance) of material having a tempera-
ture coefficient of permittivity of +100 x T0-6
per deg. C. the temperature coefficient curve
A 3 is obtained.

In practice, however, the temperature
coefficient of the variable portion of the
capacitance of an air condenser is nearer
+ 6o than 20 X 10-6 per deg. C. as shown
in curve B1. B2 and B3 are the corresponding
curves for the practical cases of silica and
ordinary solid insulating materials as speci-
fied for cases A 2 and A 3 respectively.

Fig. so.
Curves B2 are of a silica insulated con- 60

denser. 40

Curves B3 are of a similar condenser but 20

insulated with material having a higher
temperature coefficient of permittivity.

AC 0

- 20
C

Curves C3 are for a condenser as B3 but
with a fixed air condenser in parallel. -40

Curves C4 are fora condenser as C3 but with
a fixed condenser of greater value.

600
45

perature coefficients varying more widely
than 6o to - 6o x 10-6 per deg. C. may
be associated with the variable condensers.

Example B2 represents the case of a really
good silica insulated variable air condenser
standard. Example B3 is that of a good
wavemeter condenser* and C3 of the same
condenser in which the frequency range is
limited by augmentation of minimum
capacitance.

The difficulty of compensating the tem-
perature coefficient of a variable condenser
by means of a single compensator is apparent
from a glance at the curves of Fig. 9.

In Fig. io are shown (in full line) the
temperature coefficient curves of four prac-
tical variable condensers. The first, B2, is

TEMP COEFF. BEFORE COMPENSATION
AFTER COMPENSATION PROPORTIONAL TO 0

INDEPENDENT OF e

90
9

B2

135 180

C =2.220+ so

Curves C1, C2 and C3 are of the same three
variable condensers but with the value of
the constant " b " augmented by a fixed
air condenser of 200 tztLF (CAS CA) of
normal temperature coefficient as indicated
by the values of 8 and E.

Curves D1, D2 and D3 are again of the
same variable condensers but augmented
by 200 µµF fixed condensers of mica instead
of air dielectric ; the mica condensers having
positive temperature coefficients.

Finally, in the curves E1, E2 and E3, fixed
mica condensers of negative temperature
coefficient are substituted for those of posi-
tive coefficient used in cases D1, D2 and D3.

There are many other changes which may
be made in the nature of the temperature
coefficient curve of a variable condenser.
The coefficient of the variable capacitance
component itself may not be constant
with 0 ; varying quantities of solid insulating
material of varying temperature coefficient
of permittivity may constitute cs and cAs ;
and fixed augmenting condensers of tern-

\
-7, N

B3 C3 C4
C 50 C =2.229+ 250 C..2.220 + 450

of a low minimum condenser with silica
insulation and it is seen that this alone is
amenable to approximate compensation by
a method in which the amount of compensa-
tion is proportional to 0. If an appreciable
quantity of solid insulating material having
an appreciable temperature coefficient of
permittivity is incorporated in the con-
struction of the same condenser, it becomes
impossible to compensate, even approxi-
mately, by a single type of compensator.
This is illustrated by the curves of B3, from
which it is seen that a type of compensation
independent of 0 is particularly imprac-
ticable. The considerable augmentation of
minimum capacitance of the same condenser
is the case depicted in C3. Here it is seen
that the two methods, applied independently,
are about equally impracticable. Still

* The curves of Figs. 9 and so are plotted for a
condenser of linear law C = a° b but they are
equally applicable to wavemeter condensers obeying
an inverse square law C = (a0 b)-2 by sub-
stituting a scale of capacitance for that of O.
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further augmentation of minimum capacit-
ance as shown in C4 makes possible a con-
siderable improvement by employing a
single compensator of the type independent
of 0 but the compensation is still very
approximate only.

The author has found it necessary therefore
to provide compensation in conformity with
the law " of the condenser. If, for instance,
the law is that associated with a linear scale
of frequency

C = (a 0 ± b)-2
the constant and variable terms must be
treated independently and separate com-
pensation provided. This means, of course,
that a compensator as shown in Fig. 6 is
provided for the compensation of the tem-
perature coefficient of the residual or mini-
mum capacitance of the condenser in
addition to that shown in Fig. 7. The shape
of the latter is not, however, designed to the
same law as that which is associated with the
other moving plates but tends more towards
a semi -circle because of the square law con-
necting the deflection of the bimetal sections
and their radii*. If it is found that the
temperature coefficient has not been com-
pensated exactly at all parts of the scale,
appropriate adjustment may be effected by
carefully bending the individual bimetal
sections away from, or towards, the fixed
plate in order to decrease or increase the
compensation, respectively, at any corre-
sponding section of the condenser. This
operation is effected generally without appre-
ciably affecting the calibration of the con-
denser.

Thus the variable condenser may be com-
pensated exactly at its minimum setting
and at all other settings, whatever the law
of capacitance change. The author has
compensated condensers in this manner
leaving a residual temperature coefficient of
only i or 2 parts in 106 per deg. C. at all
scale positions. He has also employed this
method to over -compensate the positive
temperature coefficients of variable con-
densers of wavemeters, leaving negative
residual coefficients of a few parts in 106

* The deflection at the free end of a cantilever
strip of bimetal is proportional to the square of
its length and inversely proportional to its thick-
ness. It is, of course, proportional also to the
temperature change which produces the deflection.

which in effect cancel the similarly small
but positive coefficients of the inductances
with which these condensers are associated.

Although the saw -cuts in the compensating
plate prove extremely useful in providing
varying degrees of compensation for the
different portions of the variable condenser,
they also serve to prevent the distortion
which would otherwise occur due to the fact
that the tendency to deflection is not con-
fined to a radial direction. The saw -cuts
limit the distance through which the diffe-
rential expansion is effective in a circum-
ferential direction and so limits the amount
of bending in this direction. Thus the
" curling ' of each section of the com-
pensating plate may be made small compared
with the radial deflection, since both are
proportional to the square of the free dis-
tance in the direction of the effect. For the
same reason the circular compensator of
Fig. 6 is shaped as shown. The saw -cuts in
the compensation plate, although shown, for
clarity, to be of considerable width in Fig. 7,
are actually very fine so as to be negligible
in comparison with the air gap distance D.
In this way the slightest discontinuity of
" law " is avoided.

The collective frequency compensation of
the temperature coefficients of coil and con-
denser of the resonant circuit of a wave -
meter, oscillator or master circuit of a
transmitter is not a simple matter. The
temperature coefficient of frequency is given
by

Af it AC AL\
C L I

and this temperature coefficient may there-
fore be corrected by compensating for an
effective temperature coefficient of capacit-
ance AC IC ± AL/L.

It should. be noted that although AL is
constant for a given temperature change,
the equivalent AC to compensate this must
be proportional to C if the latter is of variable
capacitance. The collective frequency com-
pensation for temperature coefficients of a
variable C and fixed L must be effected,
therefore, by a method such as that of Fig. 7
in which the amount of compensation is
proportional to 0.

This artifice is only possible, however,
under certain well - defined conditions of
temperature.

. . (I3)
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Such collective circuit compensation is
possible only if the temperatures of the coil
and condenser are always the same and,
therefore, is effective only for such tem-
perature changes as may be produced by
ambient atmospheric conditions. The appli-
cation of the method should be limited,
therefore, to wavemeters and other circuits
of low power. It is extremely unlikely that
the temperature rise of the coil and condenser
of a circuit due to the same oscillatory
current would be equal because the power
factors of coils are always, necessarily, much
higher than those of condensers and their
self heating therefore higher.

It is possible to compensate the tem-
perature coefficient of inductance inde-
pendently of that of the condenser by a
second capacitance compensator in which

AC1 AL= - .. (14.)C L

where C1 is the capacitance of the com-
pensator and C the capacitance of the con-
denser. In such a compensator, for a given
change of temperature, 4C1 is constant and
it is seen, therefore, that the above condition
(i4) may be satisfied only in a circuit of
fixed capacitance C and fixed inductance.
The second capacitance compensator may
then be situated so as to be actuated by the
temperature of the coil. But this is not
satisfactory because a temperature rise of
the former of a coil or of the surrounding
air lags behind that of the actual conductor
and the compensation would therefore lag
also. For this reason the temperature
coefficient of inductance of the coil of an
oscillatory circuit of considerable power
should always be as low as possible.

It is not practicable even to attempt the
independent capacitance compensation of
the coil of an oscillatory circuit of con-
siderable power if the condenser of that
circuit is of variable capacitance, for in
this case d CI of condition (i4) must vary
proportionally to C. The compensator,
although situated in the intimate vicinity
of the coil, would have to be of the type
shown in Fig. 7, operated automatically by
the rotation of the variable condenser of the
circuit.

In a specially designed short wave oscil-
latory circuit of appreciable power in which
the coil and condenser are inter -constructed

it might conceivably be possible to attempt
the application of collective compensation
for fixed or variable capacitance conditions,
provided that the thermal properties of the
components were appropriately proportioned
to fransfer quickly to the condenser the heat
generated in the coil.

If the temperature coefficient of the self -
capacitance cs of a coil is appreciable ex-
pression (13) becomes :-

df IIAC AL Acs)
f 2\ C L C

11c, is, of course, constant for a given change
of temperature and because of this can be
compensated only by a " fixed capacitance "
type compensator, which should be fitted in
the coil itself so that it may quickly attain
the temperature of the insulating material,
the permittivity of which is producing the
temperature coefficient to be compensated.

In resonant circuits of low power the
temperature coefficient of coil self -capacit-
ance may be compensated collectively with
that of the constant capacitance component
of the condenser by using a single com-
pensator of the " fixed capacitance " type
since (15) may be re -written :-

Zlf I(AC Acs dLl
2 \ L

In the case of a fixed frequency oscillator
of low power 11C, tics and AL can all be
collectively compensated by a single com-
pensator of the " fixed capacitance " type.

The method of compensation shown in
Figs. 6 and 7 has a disadvantage in that the
amount of compensation, being inversely
proportional to the air gap, is not independent
of temperature unless that air gap is large
compared with the maximum deflection
likely to be experienced in practice.

This disadvantage does not seriously
affect the method when applied to variable
condensers because of the large area available
and the large air gap permissible in conse-
quence. The compensation of fixed con-
densers suffers considerably, however, as
shown below :-

The deflection at the free end of a canti-
lever strip of bimetal is given by :

D = 3120T
(i6)

4d

. . (IS)
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where D = deflection
/ = free length
d = thickness of strip

differential expansion coefficient
T = change of temperature

The author has found that the commercial
bimetal which he has used becomes flat at

a temperature of about 4o degrees C. and
the above expression (16) should therefore
be rewritten :

3/256(1 - 40)D = (I7)
4c1

=

The mean dielectric gap get f is
'12

geff = 11
g . dl

12 - 11

rg . dl = rgil 7.5 x -4 0.0313 -72

1 I 3 3

Therefore rLgi/ + 2.5 X 10-4/3t -o.0113]12
1t

g:eff 12 -
I

/2-4 {(12 -11)g1± 2.5 X

10-4023 - /13)t + 0.01(12 -123)}

g1 + 2.5 x io-4/32 - 1'3 t
12 - /1

o.oi
12 -_123
12 - . . . . (19)

11

The capacitance C (neglecting edge effects)
for a strip width of W inch is :-

2.54 W(12 - 11)
I

47r
L 2 cl

{(/2 - /1)g1 + 2.5 X ro-4(/23 - /2)t + 0.002 - /2)1

0.202 W(/2 - /1)2
(12 - + 2.5 X 10-1(123 -113)t + 0.01(113 -123)

Taking logarithms of both sides
Log,C = LOge0.202 W(12 - /02 - loge{(/2 - 11)g1 + 2.5 X 10-4 / 3 - 1,3)t + 0.01(43 -123)}

$ Differentiating :-
II dC 2.5 x ro-4(123 - 113)
C dt (12 - 1,)g, + 2.5 X ro-4(/23 - /13) t 0.0013 - /23)

dC
=

5.05 x 10-3(123 -113)(12- 11)2W
dt {(12 - 2.5 X 10-4(/ 23 - 1,3)t o.o0,3 - /23)}2

The author has determined the coefficient (A
and found it to be 20 x 10-6 per deg. C.
The most convenient thickness of strip he
has found to be 0.02 inch. Expression (17)
may therefore be simplified to

D = 7.5 x 10-412(t - 4o) .. (i8)

k If, between a simple strip of bimetal and the
ordinary metal plate above which it is sup-
ported, as in the sketch of Fig. II, a dielectric
gap g1 exists at a temperature of 4o degrees
C., the effective dielectric gap at other
temperatures is

g = ± 7.5 x io-412(t - 40)

(20)

. . (21)

For the purpose of a practical investiga-
tion
let /2 = r inch and /1 = inch
Then goy = gi + 4.37 X 10-4t - 0.0175 ,
and if W = I inch*.

0.254
C

gl + 4.37 x ro-4t - 0.0175

* The maximum practicable width for a stable
compensator is inch-above this an appreciable
" curl " occurs due to the tendency for deflection
at right angles to the main deflection. The
consequent distortion of the bimetal introduces an
uncertainty into the air gap dimension g611.
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and The limitation thus imposed by the

inverse law of this type of compensator is,dC 1.105 X 10-5
dt (g1 + 4.37 X 10-4t - 0.0175)2

In Fig. 12 dC/dt is plotted for various
values of g1 and for the range of temperature
likely to be experienced in ordinary practice.
It will be seen that dielectric gaps of the
order 0.035 inch are of no use whatever for
the compensation of a temperature coeffi-
cient which is constant with temperature.
Not until the dielectric gap is of the order
o.i inch can dC/dt be said to be constant
enough for this purpose.

-0.005

-0.010

dC
dt

-0.015

-0-020

0 20
TEMPERATURE

Fig.

g -010'
g -0.07"

g -0.035"

40 60
(DEGREES C)

12.

The curves of Fig. 13 show the errors
which would be experienced in the tem-
perature compensation of a 300 AuF con-
denser at temperatures of 10 deg. C. and 4o
deg. C. The errors are in parts in 106 per
deg. C. For such errors to be limited to
I part in 106 or so per deg. C. it is seen that
dielectric air gaps of less than o.i inch are
impracticable. But it will be seen from the
curve of Fig. 14 that a compensator with a
gap of o.i inch will compensate a condenser
of 300 ittp,F having a temperature coefficient
of only 5 parts in 106 per deg. C.

00
+30x106

zo
2[11 -+20x106<0

Lilzo
 cx 10x106

Q-0UwCr

Z
Dui1-0
CcO

2u_
id()
a -10x10-6
W
I- 4.
w 0
00 -20x10-6
ccro
0

AT 10° C

AT 40°C

ce
ce
W -30x100-02 0.04 0.06 008

GAP DISTANCE gi ONCi4)

Fig. 13. Showing the compensation errors intro-
duced by the " inverse law" type of compensator
on the principle of Fig. The errors are those
for a condenser of -300 µµF capacitance ; for a
condenser of any other capacitance, C, multiply
the errors by 3oolC.

0I

of course, more serious still for capacitances
greater than 300 1212F and becomes much
more serious at extremes of temperature such
as are likely to be experienced in aircraft.

wct +50x106
,r)

0

+40x106

0
0

Ow 4- 30x 1,56

z
Oo-w°
zuj +4 -0x10-6Lon.

2
0

cc

+ 1 0 x 166
CC

2

0.02 0.04 0.06 0.08
GAP DISTANCE g1 (INCH)

01

Fig. 14. Showing the degree of temperature
compensation of a 300 aup.F condenser by the
" inverse law" compensator of Fig. i i. For the
degree of compensation of a condenser of any
other capacitance, C, multiply by 300/C.
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It is seen, therefore, that this method of
compensation possesses all the desirable
features enumerated earlier in this
with the excep-
tion of feature 8
on capacitances of
appreciable mag-
nitude and of l8

li considerable tem-
per ature coeffi-
cient for wide
changes of tern-
perature.

In order to
eliminate all pos-
sibility of error
due to this " inverse
law " method, the
author has evolved
a " linear law "

IS

compensator in
which the same
thermal property 17

of bimetal is em-
ployed.

This in its sim-
plest form is shown
in Fig. r5. It takes
the form of a
parallel plate air
condenser in which the capacitance between
the fixed plates (i6) and the lightly constructed
moving plates (i7) is varied by the deflection

II of the bimetal strip (i8) to which the latter
are rigidly attached. The bimetal member
is securely fixed in position by attachment
to the metal pillar (19). It is seen that in this
compensator dC/dt is constant since AC is
proportional to the deflection of the bimetal
strip which, in turn, from (i7), is proportional
to At.

Theoretically there is no limit to the tem-
perature coefficient which can be compensated
by this device and no limit to the tem-
perature range over which it can be em-
ployed. In practice, however, a limit is
imposed by the free length of the bimetal
member, the whole system becoming un-
stable and unwieldy if this dimension is too
great.

This defect is overcome by the incorpora-
tion of a lever magnification system as shown
in Fig. 16. In this compensator the air di-
electric capacitance between a system of fixed
plates (20) and the moving plates (21) is

17
16

section

rn

Fig. 15.
16

varied by the deflection of the bimetal mem-
ber (22). The moving plates (21) are fixed
to a rigid lever (24) which extends to the
spindle (23) and is attached rigidly to it.
The pointed levers (25)` of the spindle lightly
grip the bimetal and thus convert the
deflectional movement of the latter into the
angular motion necessary to vary the
capacitance of the interleaved plate system.

The electrical circuit is obtained through
the bimetal member and the spindle from
the spill (27) to the moving plates-spill (28)
providing the connection to the fixed plate
system.

This compact compensator may be used
for the complete compensation of condensers
of fixed or slightly variable capacitance. It
may also be used for the exact compensation
of resonant circuits or oscillators in which
the frequency is fixed, or variable only
within narrow limits. Oscillators having a
plurality of fixed frequencies may be com-
pensated exactly by employing a compen-
sator of this type for each frequency. The
compensators may be associated with each
frequency by being switched in automatically
by the frequency changing switch. Thus
they may be connected in circuit either
independently or in parallel or series com-
binations as is most suited to the frequency
switching schgne of the oscillator. Tempera -

Fig. so.
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ture coefficients of either algebraic sign up
to 100 or 200 parts in 106 per deg. C. can be
compensated with ease over a very wide
range of temperature. It may be seen from
the sketch that the total capacitance is very
small (about 2µµF) and that that part of it
which is due to field through solid dielectric
material (the plate 26), negligible. The
compensator, in fact, fully embraces all the
desirable features enumerated on page II° of
the previous issue with the exception of z and
9. The difficulties due to these exceptions
are, however, surmounted by using the
linear law type compensator for the fixed
or residual capacitance of 4 variable con-
denser and the inverse law type for the
variable capacitance. Or the temperature
coefficient may, of course, be more crudely
compensated by exact compensation by the
linear law compensator at some mid -scale
setting, thus over compensating at the lower
values and under compensating at the
higher-but this is rarely possible except
in condensers of very limited ranges, as has
already been seen.

The algebraic sign of the temperature
coefficient that is compensated by the
device of Fig. 16 may be reversed by re-
versing the bimetal strip (22). Moreover, a
groove is cut in the spindle (23) to allow the
levers (25) to be adjusted in position so as to
vary the effective length of the bimetal
member (22). This adjustment is made to
suit the degree of compensation required.

It is possible to provide for change of
sign and variation of magnitude of com-
pensation without mechanical modification
in yet another type of compensator designed
on the same principle. This compensator,
which is shown in Fig. 17, has the appearance
of a complicated piece of mechanism ; this
is due to the fact that it has been made
universal in all respects and is subject to
simplification by the omission of parts
rendered superfluous by a particular appli-
cation.

The capacitance of the temperature con-
trolled variable air condenser formed by the
fixed plate system (30) and the moving plate
system (31) is governed by the deflection
of the bimetal member (32) which is
attached to the pillar (33). The mounting
plate (35) is of good quality insulating
material. The bimetal member (32) is so ar-
ranged that an increase of temperature deflects

the moving plates (31) in a clockwise direction
and so decreases the capacitance-thus,
compensating for a positive temperature
coefficient. The amount of such decrease
of capacitance for any given temperature
rise is proportional to that portion of the
radial dimension of the moving plate edge
(36) which is embraced by the fixed plates.
Thus, if the moving system is initially
rotated (by turning the spindle (33) in the
friction -tight bearing (34) by means of the
slot (45) to the position indicated in chain
dot, the temperature compensation will be
only half that of the previous position.
In this way the degree of compensation may

30 21 32

Lni
41 43 44

30
45

33
34

35

Fig. 17.

be decreased smoothly from a maximum
value to zero.

If, instead of using the radial edge (36) of
the moving plates in relation to the shaped
edge (37) of the fixed plates, the edge (38) is
used in relation to edge (39), an increase of
capacitance will accompany a rise of tem-
perature and the compensator will therefore
compensate for a negative temperature
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coefficient. By an appropriate initial setting
of the angular position of the moving plate
system relative to the fixed, the amount of
negative compensation also may be given
any value between zero and maximum.

It will be observed that for appreciable
changes of temperature a rise does not cause
exactly the same change of capacitance as
a fall. This departure from linearity of

A compensation may be arranged to be very
small, however, by suitably shaping the edges
(37) and (39) of the fixed plates especially at
(4o) where the areas involved are very small.

From the drawing it will be seen that the
capacitance of the compensator is variable-
depending upon the magnitude of compensa-
tion required. Because of this the calibra-
tion of a condenser, wavemeter or oscillator
on which such a compensator is employed
is destroyed during the process of com-
pensation. If it is desired to avoid this, two
further sets of fixed plates (41, 42) are added
to the design on the reverse side of the
insulating mounting plate (35) and an addi-
tional moving plate system (43), exactly
similar to and angularly coincident with the
first system (31), is provided and securely
attached to the common spindle (33) by means
of a rigid member (44) of ordinary metal.
The additional fixed plates are connected
electrically to the other fixed plate system (3o)

N and are so shaped and arranged that the
capacitance remains unaltered during the
initial setting of the moving plates to any

p desired position.
A scale may be provided graduated in

terms of the temperature coefficient com-
D pensation of a given capacitance. Such a
scale is shown in Fig. 17 for the settings
indicated by the arrow. The graduations
in this case give the amount of positive or
negative temperature compensation im-
parted to a condenser of 30o ii.p.F in parts
in 106 per deg. C. For a condenser of
capacitance C different from 30o I.41.LF the
scale reading is merely multiplied by 3oo/C.

It is obvious that the compensators of
Figs. 15, 16 and 17 are applicable to mica
condensers as well as to air condensers.
There are important differences between
air and mica condensers, however, which
must be remembered if the compensation
of the latter is undertaken. The compensa-
tion is linear for ail temperatures, whereas it
has been shown earlier in this article that

the temperature coefficient of a mica con-
denser is rarely constant with temperature.
A mica condenser, therefore, can be tem-
perature compensated only for a limited
and well-defined range of temperature.

In conclusion, the author would express
the opinion that the problem of ensuring
the frequency stability of oscillators and
wavemeters has been much simplified by the
introduction of this bimetal method of tem-
perature compensation of condensers to-
gether with the method of temperature com-
pensation of inductances described in recent
issues of this journal.*

The author wishes to express his indebted-
ness to Messrs. H. W. Sullivan, Ltd., for their
permission to publish particulars and draw-
ings of the patented apparatus shown in
Figs. 6, 7, 15, 16 and 17.

* " Recent Improvements in Air Cored Induct-
ances." Wireless Engineer, January, 1941, p. 8,
and February, 1941, p. 56.

Paper Salvage Problems
THE growing demands upon our shipping

space have intensified the need for avoiding
the waste of any paper which might add

grist to
Whilst the procedure so far as ordinary domestic

waste paper is well known, there are still problems
that confront those who have to deal with abnormal
matters of paper salvage ; all such questions will
readily be answered by the Waste Paper Recovery
Association, 154, Fleet Street, London, E.C.4. Tele-
phone : Central 1345.

The Industry
APUBLICATION (No. C -111-A) recently re-

ceived from Muirhead and Co., Ltd., Elmers
End, Beckenham, Kent, gives illustrations

and specifications of the wide range of instrument
dials and control knobs made by this firm.

Londex, Ltd., 207, Anerley Road, London,
S.E.zo, have just issued a new list, No. 97, illus-
trating and describing their Synchronous Time
Delay Relay PRL. The various models cover a
time range of from z seconds to 28 days. .

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 availabN for

export.
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Velocity Modulating Grids*
An Investigation of Their Action by Means of

Analysis and Graphical Methods

By Rudolf Kompfner

SUMMARY.-In most publications on velocity modulation it is assumed that the distance
between modulating grids is negligibly small. With distances as used in practice, however,
the transit angles are quite large and a calculation of the consequences of this fact has been
made, neglecting the effects of space charge. A graphical method is used to find the current
and velocity distribution at the exit from the modulating grid and a particular case which has
been treated by means of this method is shown. An analytical method for finding the current
and velocity distributions is giv6n under the assumption of small depth of modulation and also
an estimate of the position of regions of energy transfer between modulating circuit and
electron beam.

1. Introduction
THERE are few published references

to the influence of the finite grid
distance of a pair of modulating grids

on velocity modulation 12 3. The first is
mainly concerned with the " signal magni-
fying " effect of drift -tubes, while the second
demonstrates by means of a mechanical
analogy the circumstances under which
drift -tubes may convert D.C. energy of the
electron beam into oscillating energy of the
circuit. In Patent Specification No. 528041
there is a calculation of the efficiency of a
device called the " Monotron " tube, and
also an excellent qualitative account of the
happenings between modulating grids.

It is thought, therefore, that an inde-
pendent investigation of the influence of a
velocity -modulating field of finite extent on
the velocity and density distributions of
electrons emerging from the modulating
field may be useful.

2. Method of Finding Current and Velocity
Distributions at the Exit Grid

Equation [5a]4 in a previous paper °
reduces in the absence of bias, to

* MS. accepted by the Editor, December, 1941.
1 Sur le tube electronique a modulation de

vitesse. J. Bethenod, Comptes Rendus, 15th J an . ,
1940, p. 105.

2 Ballistische Modelle von Geschwindigkeits-
gesteuerten Lauf zeitgeraten. H. E. Hollmann,
Hockf:tech. u, Elek:akus., March, 1940, P. 75.

2 02 -( 20
+ cos x)(y - x) - sin y +sin x

. . (i)
It is proposed to use the same notation

and symbols as in the previous paper.

Since 0 = -wd
V0

(where vo = ze
m-

Eo, Eo . peak

A.C. voltage)
cod

=0
(where Vo=\/2-me Uo,V . initial

constant velocity)

and -9 =_ M, the " depth of
Uo

modulation "

we can re -write (i) in a form of greater
interest for the purpose in hand :

202 (2M 0- cos x)(y - x) - sin y sin x

(2)

0 can be regarded as the mean transit time

3 British Patent Specification No. 528041.
4 Square brackets are used for equations from

the previous paper.
" Transit -time Phenomena in Electronic Tubes."

R. Kompfner, Wireless Engineer, January, 1942,
Vol. XIX, No. 219, p. 2.
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ngle, i.e. the value of (y - x) in the absence
of the A.C. component of the velocity.

Equation (2) can be solved by means of
the graphical representation as shown in
Fig. I (a). By " solution " we understand

relation of the form y = f(x) ; this has
a. een drawn explicitly in Fig. i (b)
directly above i (a). It will be
noticed that the trajectories ori-

inating at or about x =
2

IT tend

to converge in a manner reminis-
cent of the trajectories of electrons
i.n space-time diagrams of drift-
ubes. It can be shown that, if

proper bunching or overtaking is
o occur within the velocity-modu-
ating grids, M would have to have

value of about 2. Nevertheless
we can say quite generally that a
peak or maximum in the current
listribution at the second grid
Nill occur at or about the time
vhen the x =-3 7r

2

Fig. i (e) and is compared with a hypothetical
distribution in the case of an infinitely small
grid distance.

Fig. x (a, b, c, d, e) have been drawn for
a transit angle 0 71-/3 (which would corre-
spond to a frequency f of 1439 c/s, an accele-

1V7WIdg7'N.1:°"

if

celectron passes ( )

arough it.
Fig. i (c) shows the current distribution

tt the second grid, found by means of the
elation iodx = iddy. We have to plot

xdmerely the slope
y as a function of y,

vhich gives us id = it:, d-dyx, the convection

urrent at d.
Next, we are interested in the velocity v d

)f the electrons emerging from the second
g;rid. Since the first paper 4 was written, a
ampler method of representing the velocity
f an electron in motion through a planar
tiode has been found. It consists in con-
tructing a graph of equation [2] or [2a].
While there is not difficulty at all in taking
nto account the bias ratio Q, we can put

o in [2] for the purpose of velocity
nodulation and write :

v d 20 20
. .= cos x -- cos y . . (3)

The graphical representation of (3) is
hown in Fig. i (d) and it will be seen that
gives not only the velocity v d of an electron
assing through the grid at d, but also the
'elocity at any intermediate point.

The velocity distribution at d is shown in

M

215

-Fr

VD

(b)

1.0

05

covarSINE CURVE

x.

igu0 M

VELOCITY
DISTRIBUTION
AT THE
SECOND GRID

Vd

\YHYP

g1072ITBUIFITOF,IA(tf
VELOCITYO (e)

Fig.
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rating voltage U0 of 2,50o volts and d=5 mm)
and for M = I.

When 0 is very small, an approximate
derivation can be given for v d. We make the
assumption y = x 0., this neglecting the
small cyclic variation in y. We have then :

V0M [cos x - cos (x 95)] + V 0
20

which can be transformed into
V0M sin 0/2

v d =
2 0/2

. sin (x + 012) + V 0

This shows, as was to be expected, that an
increase in 0 will result in a decrease in the
depth of velocity modulation.

3. Small -Signal Analysis

When M < 1, and 95 not too small, we
can write equation (2) without too large an
error

M2 (256M ± cos x)(y

and we obtain

y X

202

M
X - - COS X ±

20 2-+ cos x
M

(4)
To obtain the convection current distri-

bution id we differentiate (4) :

dy M-dx=
2

+ - sin x

dxand we can write, since = .

dy

d i0(1 - -
2

sin x) (5)

which thus turns out to be independent of 0.
For the velocity distribution' vd we insert

(4) into (3) and obtain

v
r

2
d = V 0

M- [cos x - cos (x - - cos x +20
Vo

This can be transformed into

vd = Vo[i + A 0 +A1 sin (x + ai)
± A 2 sin (2x + a2)] . .

A
M2 sin

where o =
4

Al =1

April, 1942

M -- 2 cos 0 M sin 0/2
2 0/2

M2

I - cos
al = tan -1

sin
0/2

0
and a2

It has to be pointed out that this trans-
foimation is only valid when 0 is not too
small ; that is to say, 0 must be larger than
M. It is not advisable to take 0 smaller
than unity.

4. Energy Exchange under " Small -Signal "
Conditions

The A.C. energy W gained by all the
electrons entering during one cycle is given
by

27T

W = 27rpo i(Mv2 d2 mV°2)dx
(8)

co
0

where po = the (constant)

electrons entering per second.
Squaring vd as given by (7) and neglecting

terms containing powers of M higher than 2
we have :

number of

v d2 = V02
sin 0/21 + M sin (x + al)0/2

M2 sin 0/2)2
sin x + a( l)

4 c 0/2
M2 sin 0 M2

sin (2x + a2)
2 0 20

(9)

Inserting this into (8) and carrying out the
integration, we obtain :

27rpoVo2M2 [rr sin 0/22W sin 0]
=_ 2w0/2 ) 7T c6

. . (10)

(6) W is wholly A.C. energy. W0 ="
. 27r
OU 0  -

CO

(the D.C. energy expended over one cycle),
and

(7) W 77-114-2

=
ri (sin 0/2 \ 2 sin 01

WO 2 L4A 0/2 )

te,
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This function has been plotted on Fig. 2
and we observe that it goes through zero
near 0 = IT, 27r, 317, etc., . . . and that it has

5 9- IT, 77,
2 2

. . . etc.

2w 3,,

Fig. 2.

Fn

This function is obviously a rough approx-
imation and must only be regarded as a
purely qualitative expression.

It has already been pointed out by H. E.
Hollmann2, that there will be regions of
transit -angles where the electrons will supply
energy to the A.G. circuit, or where at least
no power is consumed by the A.G. circuit
in the action of impressing a velocity modula-

11

', tion on the electron stream, and it has been
suggested that these regions will be well
suited for a device acting as amplifier of
very weak signals.

For Marine Operators
ORIGINALLY published in tor3 and sub-

sequently rewritten on a number of occasions
in the intervening years, a new edition ---the

seventh-of the " Handbook of Technical Instruc-
tion for Wireless Telegraphists," by H. M. Dowsett
and L. E. Q. Walker, has been published. This
textbook for the sea -going wireless operator has
been completely revised and brought up-to-date, and,
as Dowsett, the author of all but the first edition,
states in his foreword, he has found it desirable
to share the responsibility of the new edition with
a second author possessing the requisite wide
experience of modern marine apparatus.

The Handbook, which costs 258., plus 9d. for
postage, can be obtained from our publishers,
Iliffe and Sons Ltd., Dorset blouse, Stamford St.,
London,

Book Received
Radio Troubleshooter's Handbook.-- By Alfred A.

Ghirardi. V.,,sentially one for the service -man, this
tome contains a wealth of carefully tabulated data
of receivers on the American market, and servicing
notes on fault finding and repair. This is the
second edition of this manual, in which 356 pages
are devoted to " case histories of troubles met
with during actual servicing. Pp. (Si :-:

io. Radio and Technical l'ublishing Co,. 45, Astor
Place, New York City, P.S.A. Price in the l'.S.A.,
$3.5o. Copies are available from A. F. Bird,

Chandos St., London, W.C.2, Sherratt and
Hughes, 34, Cross St., Manchester, and Cornish
Brothers, 39, New St., Birmingham, 2.

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, 11' .C.2, price I: each-

ACOUSTICS AND AUDIO -FREQUENCY CIRCUITS
AND APPARATUS

=.40 071.-Utilising the cathode -heating time-lag
,1 a valve to allow direct -current signals to be

transmitted, say, over a telephone line without
ilterfering with speech messages.

Ericsson Telephones and L. H. Drysdale. Applica-
ion date 12th July, 1940.

54o 193.-Connecting two amplifiers in parallel to
a group of loudspeakers so that transmission is

-substantially unimpaired in the event of the failure
f one of the amplifiers.

Standard Telephones and Cables (assignees of
H. C. Curl). Convention dale (U.S.A.) 18th July,

939,
4.1 272.-Means for preventing overload in a push-
ull pair of amplifiers with mutual cathode coupling.
Marconi's W.T. Co. and C. C. Whitehead. Apph-

ation date 28th May, 1940.

541 270.--Direct-current amplifier in which a
safety limit is automatically imposed on the output,
particularly for secondary -emission tubes.

Scophony and S. H. M. Dodington. Application
dale 12th June, 194o.

AERIALS AND AERIAL SYSTEMS

539 30. -----Short-wave aerial in which a number of
dipoles are arranged on opposite sides of, and
parallel to, an earthed supporting mast so as to
minimise re -radiation.

Marconi's 11.1', Co. (assignees of II'. li , Koch).
COM'ellii011 dale (U.S.A.) 31st March,

539 6o2. ---Short-wave aerial array Nvith progremive
phase displacement for radiating a rotating field,
particularly for navigational purposes.

Marconi's W. T . Co. (assignees of S. E. Linden
Iliad). Convention dale (1. ',S.A.) 20th May, 1939.
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539 678. -Aerial array of parallel " loops " of
transmission line terminated by a surge impedance
offering a constant input impedance over a wide
frequency band.

H. Fletcher. Application date 1st April, 1940.
539 858. -Quarter -wave aerial with a quarter -
wave base insulator, forming a readily -demountable
assembly.

Marconi's W.T. Co. (assignees of G. H. Brown ;
J. Epstein ; and R. F. Lewis). Convention date
(U.S.A.) 23rd February, 1939.

DIRECTIONAL WIRELESS
540 681. - Direction - finding equipment of the
switched cardioid type in which the tuning of the
signal channels is stabilised by negative feed -back.

Standard Telephones and Cables and C. W. Earp.
Application date 12th March, 1940.
540 828. -Modulating system for a magnetron valve
generating short-wave pulsed signals, particularly
for direction -finding systems.

Marconi's W.T. Co. (assignees of R. A. Braden).
Convention date (U.S.A.) 29th April, 1939.
540 871. -Impedance -bridge and rotary -condenser
coupling for modulating a radio -navigational beacon
transmitter.

Standard Telephones and Cables (assignees of
A. Alford). Convention date (U.S.A.) 3rd August,
1939.
540 897. -Intercommunication system between two
or more listening posts in an aeroplane, with
provision for the reception of radio -navigational
signals at will.

Standard Telephones and Cables ; C. W. Earp ;
and J. D. Holland. Application date 3rd May, 1940.
541 399. -Radio altimeter with means for securing
a direct ratio between the distance to be measured
and the heterodyne frequency set up between the
transmitted and reflected waves.

Standard Telephones and Cables (assignees of
A. Alford). Convention date (U.S.A.) 19th October,
1939.

541 427. -Directive aerial array for measuring
the vertical angle of incident waves.

Marconi's W.T. Co. (assignees of DeW. R.
Goddard). Convention date (U.S.A.) 29th June,
1939.

RECEIVING CIRCUITS AND APPARATUS
(See also under Television)

539 655. -Anti -fading arrangements in which the
receiver is automatically connected at all times
to the most favourable of 'a number of alternative
channels.

Standard Telephones and Cables (assignees of
F. A. Polkinghorn and A. A. Oswald). Convention
dates (U.S.A.) 23rd and 31st August, 1939.
539 661. -Valve amplifier of the cathode-ray tube
type in which a focused beam is used alternately
to charge and discharge an anode or target -electrode
of high secondary emissivity.

International Television Corporation ; P. Nagy ;
and M. J. Goddard. Application date 15th January,
1940.

539 8o2.-Mtiltigrid amplifier in which a -capacita-
tive coupling between the anode and grid circuits
is used to stabilise operation at ultra -high fre-
quencies.

Standard Telephones and Cables and A. J.
Maddock. Application date 21st March, 194o.

539 979. -Arrangement and construction of a
frame aerial for use with a portable receiver inside
a heavily screened vehicle, such as a steel railway
car or an all -metal aeroplane.

E. F. McDonald. Convention dates (U.S.A.) 4th
May, 26th June and 6th October, 1939.

540 097. -Method of winding the tuning coils of
a multiple -band wireless receiver.

Johnson Laboratories Inc. (assignees of D. V.
Sinninger). Convention date (U.S.A.) 26th April,
1939.

540 630. -Negative feed -back amplifier which in-
creases stability at certain critical frequencies,
particularly for use with television or multiplex
signalling over coaxial transmission lines.

Standard Telephones and Cables (assignees of
A. L. Stillwell). Convention date (U.S.A.) 12th
October, 1939.

540 837. -Frequency -changing circuit, including a
diode -pentode mixer valve for the reception of
ultra -short-wave signals.

Standard Telephones and Cables and C. W. Earp.
Application date 30th April, 1940.

54o 839. -Balanced circuit arrangement for elimi-
nating mutual interference and static disturbances
in receiving radio telegraphy.

Standard Telephones and Cables and C. W. Earp.
Application date 30th April, 194o.

540 863. -Crystal stand-by receiver for operating a
relay or alarm on the receipt of a radiated carrier -
wave.

Bush Radio ; W. H. Harrison ; H. L. Fletcher.
Application date 15th May, 1940.

540 941. -Oscillation generator comprising a pair
of valves with tuned anode coupling and introduces
a negative feed -back to reduce the flow of grid
current and increase stability.

P. B. Vanderlyn and E. L. C. White. Application
date ,5th February, 1940.

541 120. -Modulating a magnetron oscillator so
that frequency variations are imposed free from
amplitude variations, or vice versa.

Marconi's W.T. Co. (assignees of R. A. Braden).
Convention date (U.S.A.) 24th May, 1939.

541 149. -Oscillation -generator with negative feed-
back for reducing the load on the frequency -
determining circuit.

Marconi's W.T. Co. (assignees of H. G. Crosby).
Convention date (U.S.A.) 13th May, 1939.

541260. -Amplifier with negative feed -back for
varying gain without substantially altering the
output impedance.

Standard Telephones and Cables (assignees of
S. T. Meyers). Convention date (U.S.A.) 17th
October, 1939.

4
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39 496. -Constructing and mounting the mosaic
creen in a television tube so as to reduce the effect
d undesired charges induced by the scanning
tream.

ermany) 3rd April, 1939.

.istortion due to the distance separating the moving
nd fixed slots in the path of the light ray.

39 74o. -Rotating disc and mirror -wheel scanning
evice in which a cylindrical lens is used to correct

TELEVISION CIRCUITS AND APPARATUS
FOR TRANSMISSION AND RECEPTION

Ges. zur Eorderung, 6-,c., Technischen Hochschule.
'onvention date (Switzerland) 14th September, 1938.

The Mullard Radio Valve Co. Convention date

Wi 40 o14. -Method of transmitting and separating
he line and frame synchronising impulses used in
elevision with interlaced scanning.
Hazeltine Corporation (assignees of H. M. Lewis).

onvention date (U.S.A.) 2oth March, 1939.
40 281. -Means for transmitting television signals
o as to maintain a desired background of average
lumination.
Marconi's W.T. Co. (assignees of R. D. Kell).

onvention date (U.S.A.) 31st August, 1939.

4o 371. -Means for offsetting the distorting effect
f the capacity -to -ground load on a high-powered
iodulating valve.
Marconi's W.T. Co. (communicated by Arnalga-

zated Wireless [Australasia]). Application date
5th February, 1940.

40 454. -Means for applying automatic gain
ontrol, with a " flat " characteristic, which
pproximates to the " peak " rather than to the
verage value of signal strength, particularly for
Revision.

Philco Radio and Television Corporation (assignees
c A. R. Applegarth, Junr.). Convention date
J.S.A.) 24th May, 1939.
lo 590. -Television receiver for use with a system

a which the video signals are in the form of am-
litude variations, and the synchronising impulses
're frequency variations of a common carrier wave.
Hazeltine Corpn. (assignees of H. A. Wheeler).
onvention date (U.S.A.) 7th February, 1940.

10 739. -Method of preparing a photo -sensitive
irface with a bismuth -silver -caesium coating
Iddition to 532 259).
Baird Television and A. Sommer. Application

ate 26th April, 1940.
41 oo5.-Amplifier circuit for separating the
gnals from the synchronising impulses in tele-
ision reception.
Hazeltine Corpn. (assignees of H. M. Lewis).

,onvention date (U.S.A.) 5th October, 1938.

'.4.I oo6.-Television receiver in which an amplifier
ii.age also serves to separate the video signals from
e synchronising impulses.
Hazeltine Corpn. (assignees of M. Cawein).

onvention date (U.S.A.) 5th October, 1938.

1251. -Means for automatically controlling or
abilising the frequency characteristic of a trans-
ission line, particularly in television.

i

Standard Telephones and Cables (assignees of
Le Materiel Telephonique Soc. Anon.). Convention
date (France) 3rd June, 1939.

TRANSMITTING CIRCUITS AND APPARATUS
(See also under Television)

539 793. -Frequency -modulated signalling system,
particularly for minimising fading in picture
telegraphy.

Marconi's W.T. Co. (assignees of R. E. Mathes).
Convention date (U.S.A.) 18th March, 1939.

539 948. -Multi - channel two - way carrier -wave
signalling system.

Standard Telephones and Cables ; F. Fairly ; and
R. Walsh. Application date 29th March, 1940.

540 089. -Signalling system in which the trans-
mitted intelligence, such as speech, may, when
desired, be rendered secret to an unauthorised
listener.

Telephone Manufacturing Co. and L. H. Paddle.
Application date 27th March, 1940.

540 232. -Generating centimetre waves by a
device of the kind in which an electron stream is
swept across resonant cavities formed in a con-
ducting wall.

Standard Telephones and Cables (assignees of
Le Materiel Telephonique Soc. Anon.). Convention
date (France) 19th April, 1939.

540 233. -Signalling systems in which intelligence
is transmitted in the form of pulses of wave -trains
of unequal duration but separated by equal inter-
vals of time.

Standard Telephones and Cables (assignees of
Le Materiel Telephonique Soc. Anon.). Convention
date (France) 19th May, 1939.

540 245. -Compensating for saturation -distortion
in a modulating system in which the signal voltage
is varied in amplitude during the negative part,
and in relative phase -angle during a positive
portion of the modulation cycle.

Marconi's W.T. Co. and T. H. Price. Applica-
tion dates 3rd April and 8th August, 1940.

540 706. -Generating equipment for carrier -wave
signalling over electric power mains (addition to
478 314).

E. Hallowell ; Northern Utilities Trust ; and
Automatic Telephone and Electric Co. Application
date 5th September, 1940.

540 764. -Portable radio transmitter, particularly
for aircraft, with a simplified indicating system to
enable it to be operated at maximum efficiency over
a wide range of frequencies.

Marconi's W.T. Co. ; C. S. Cockerell ; and G.
P. Parker. Application date 27th March, 1940.

54o 773. -Capacitance tuning of the Lecher -wire
system of an ultra -high -frequency radio trans-
mitter.

Electrical Research Products, Inc. Convention
date (U.S.A.) 26th July, 1939.
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540 Boo. -Means for compensating for fading in a
signalling system wherein a frequency -modulated
subcarrier is superposed on a primary carrier -wave
(addition to 539 793).

Marconi's W.T. Co. (assignees of J. E. Smith ;
J. N. Whitaker ; and G. R. Clark). Convention
date (U.S.A.) 27th April, 1939.

54o 804. -Radio transmitter in which a modulator
of the absorption type includes an impedance
network giving a constant load, thereby preventing
frequency and phase distortion.

Marconi's W.T. Co (assignees of D. G. C. Luck).
Convention date (U.S.A.) 24th May, 1939.

54o 827. -Valve -oscillator of the Barkhausen-Kurz
type in which provision is made for preventing
changes in frequency due to fluctuations in the
supply voltage.

Marconi's W.T. Co. (assignees of R. W. George).
Convention date (U.S.A.) 31st March, 1939.

54o 842. -Method of coupling an ultra -short-wave
generator to a transmission line, dielectric guide, or
radiating horn.

Standard Telephones and Cables (assignees of
Le Materiel Telephonique Soc. Anon.). Convention
date (France) 26th May, 1939.

540 888. -Variable -mu valve circuit for " soften-
ing " the beginning and end of the keying periods
in a radio telegraphic transmitter.

Marconi's W.T. Co. and V. J. Cooper. Application
date 3rd April, 1940.

540 999. -Method of measuring distances by means
of reflected waves, in which the frequency of the
outgoing or exploring wave is varied cyclically and
produces a stationary -wave system between the
source and the distant body.

The British Thomson -Houston Co. Convention
date (U.S.A.) 7th September, 1939.

541 029. -Stabilised master -oscillator circuit com-
prising a piezo-electric crystal in series with the
cathode load resistance of a valve.

R. Calvert. Application date 14th June, 1940.

541 248. -Constant -voltage transmission line for
energising a series of constant -voltage repeaters.

Standard Telephones and Cables and F. Ralph.
Application date 17th May, 1940.

541 271. -Velocity -modulating device for generating
ultra -short waves from an electron stream which
has been bunched by resonance.

The British Thomson - Houston Co. and C. C.
Whitehead. Application date 28th May, 1940.

541 373. -Automatic monitoring system for the
unattended repeater stations of a carrier -wave
signalling system.

Standard Telephones and Cables ; F. C. Wright ;
and S. E. Aldrich. Application date 23rd May, 1940.

541380. -Preventing leakage of energy at the
terminals of a high -frequency transmission line.

Standard Telephone,s'and Cables and C. N. Smyth.
Application date 24th May, 1940.

April, 1942

541 423. -Oscillation generator with negative feed-
back to prevent harmonic distortion and with a
diode shunted across the grid to stabilise the
fundamental frequency.

Standard Telephones and Cables (assignees of
F. E. Terman). Convention date (U.S.A.) 16th
June, 1939.

541 428. -Transmission system in which a single
side -band and a carrier frequency are separately
amplified and combined.

Marconi's W.T. Co. (assignees of D. Pollack).
Convention date (U.S.A.) 29th June, 1939.

CONSTRUCTION OF ELECTRONIC -DISCHARGE It
DEVICES

539 490. -Multiple -stream electron tube in which
the current in one beam is controlled by varying
the current in another beam, the control being ,

effected through the interaction of the respective
space -charges.

Marconi's W.T. Co. (assignees of A. V. Haeff),
Convention date (U.S.A.) loth March, 1939.

539 662. -Photo -electric sheet -metal cathode per-
forated to allow light to fall in any direction on to
the light-sensitive surface.

F. J. G. van den Bosch. Application date 13th
February, 1940.

539 668. -Cathode-ray type of discharge tube in
which the electron stream is intensity -controlled
to generate a carrier -wave which is then phase -
modulated by varying the effective length of the
electron stream.

Marconi's W.T. Co. (assignees of H. E. Goldstine).
Convention date (U.S.A.) 14th March, 1939.

54o 015. -Four -electrode electronic -discharge de-,,
vice having a flat and fluted cathode for generating ,

ultra -short waves at a high level of power.
Marconi's W.T. Co. (assignees of P. T. Smith and

L. P. Garner. Convention date (U.S.A.) 28th'.
February, 1939.

540 034. -Construction of cathode-ray tube,
for transmitting television signals with

ti

a low -velocity scanning beam. h

'Marconi's W.T. Co. (assignees of A. Rose). Con -ii
vention date (U.S.A.) 6th June, 1939.

540 554. -Method of winding, assembling, and.'
shaping magnetic deflecting coils for use with
cathode-ray tubes.

Jefferson Electric Co. Convention date (U.S.A.)4
2nd June, 1939.
540 640. -Electrode assembly of a secondary
emission amplifier with apertured target cathodes
carrying progressively increasing voltages.

F. J. van den Bosch and Vacuum Science Products.,
Application dates 23rd February, 1940 and 2ISi, '
March, 1941.

540 893. -Assembly and construction of the elec-
trodes in a secondary -emission amplifier for ultra -
short waves.

F. J. G. van den Bosch ; F. E. Lane ; H. S.
Molyneux-Ffenn,ell ; and Vacuum Science Products.
Application date 1st May, 1940.
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540 983. -Double -diode -triode valve which func-
tions as a degenerative diode rectifier, a triode
signal amplifier, and a diode with an A.V.C. output,
particularly for a superhet receiver.

Marconi's W.T. Co. (assignees of S. Hunt).
Convention date (U.S.A.) 6th May, 1939.

54o 989. -Magnetron type of oscillator or amplifier
in which the anode surrounds the cathode and also
carries a direct current for producing the magnetic
control field.

Standard Telephones and Cables (assignees of
R. S. Ohl). Convention date (U.S.A.) 27th Septem-
ber, 1939.

541 379. -Grid electrodes for high -frequency oscil-
lators utilising a bunched stream of electrons.

Standard Telephones and Cables and R. N. Hall.
Application date 24th May, 1940.

SUBSIDIARY APPARATUS AND MATERIALS

539 773 Auxiliary magnetic circuit of the Shell
type for varying the main magnetic flux through
a choke, solenoid, transformer or the like.

H. Muller. Application date 22nd December, 1939.

539 812. -Multi -wave tuning dial in which a number
of semi -annular scales are coaxially arranged, and
are individually illuminated by lamps under the
control of the wave -change switch.

Marconi's W.T. Co. and H. C. Norwood. Applica-
tion date 3rd April, 1940.

539 864. -Electronic relay of the type in which
the grid and anode circuits are back -coupled
through a mechanically -movable vane or similar
element.

A. H. Stevens (communicated by The Bristol Co.).
Application date 26th March, 1940.

539 9o3. -Balanced -bridge circuit for measuring
impedances, particularly very small capacitances
and inductances.

C. G. Mayo and H. D. McD. Ellis. Application
date 16th May, 1940.

539 954. -Dual heterodyne mixing circuit for
measuring or supervising ultra -high frequencies.

S. R. R. Kharbanda and Pye. Application date
4th April, 1940.

540 024. -Construction of piezo-electric oscillator
for use as a wave filter or coupling device for
transferring a predetermined band of frequencies.

Standard Telephones and Cables (assignees of W. B.
Bohannon). Convention date (U.S.A.) 8th June,
1939.

540 o68. -Glow -lamp and photometric device for
making local measurements of the intensity of
high -frequency fields.

S. Strauss. Application date 17th June, 1940.

540 r7I.-Electro-mechanical vibratory system in
which rigid bodies are arranged to simulate the
behaviour of electrical wave -filters or networks.

Standard Telephones and Cables (assignees of
R. B. Blackman and E. Lakatos). Convention date
(U.S.A.) 8th March, 1939.

540 184. -Method of cutting and mounting piezo-
electric crystals to prevent spurious oscillations
when used in electric wave filters and in electro-
mechanical vibratory systems generally.

Standard Telephones and Cables (communicated
by Western Electric Co., Incorporated). Application
date 7th June, 1940.

540 400. -Means for maintaining the H.T. and L.T.
supplies to a diathermy oscillation -generator sub-
stantially at ground potential for H.F. currents
so as to prevent undesirable radiation.

The British Thomson -Houston Co. Convention
date (U.S.A.) 1st August, 1939.

540 494. -Production of high -frequency fields for
heating purposes.

The British United Shoe Machinery Co. (com-
municated by United Shoe Machinery Corporation).
Application date 17th April, 194o.

540 754.-Thermionic relay selectively responsive
to the duration or repetition of an applied impulse.

Marconi's W.T. Co. (assignees of W. R. Koch).
Convention date (U.S.A.) 27th May, 1939.

540 770. -Method of compensating an inductance
coil in respect of variation in self -capacitance with
increasing frequency.

H. W. Sullivan and IV. H. F. Griffiths. Applica-
tion date ist May, 1940.

54o 838. -Condenser relay device for giving an
indication or sounding an alarm when the difference
between two carrier -waves exceeds a predetermined
value.

Standard Telephones and Cables and IV. T.
Frankton. Application date 3oth April, 1940.

540 906. -Balanced microphone relay for auto-
matically steering a moving body towards a distant
source of sound.

W. Shaw. Application date 25th January, 1940.

541 041. -Single -valve arrangement for controlling
two or more gas -filled relays in succession.

Philips Lamps. Convention date (Germany)
1st April, 1939.

541 042. -Means for stabilising the s ynchronisation
of facsimile telegraphic recorders.

Radio Inventions Inc. (assignees of H. C. Ressler).
Convention date (U.S.A.) 6th November, 1939.

541194. -Measuring distances by the standing -
wave formation produced between the distant body
and a source radiating two waves of slightly
different frequency.

The British Thomson -Houston Co. Convention
date (U.S.A.) 29th September, 1939.

54! 250. -Soldering -tag terminals for fixing small
electrical components to an insulating panel.

Marconi's W.T. Co. and J. W. Graham. Applica-
tion date 28th May, 1940.
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PROPAGATION OF WAVES
925. CORRECTION TO " TRANSMISSION THEORY

OF PLANE ELECTROMAGNETIC WAVES " [in
Free Space & in Tubes].-S. A. Schelkunoff.
(Proc. I.R.E., Nov. 1941, Vol. 29, No. II,
p. 603.) See 803 of 1938.

926. CORRECTION TO " MEASUREMENT OF THE
ATTENUATION AND PROPAGATION VELOCITY
OF ELECTROMAGNETIC OSCILLATIONS IN
METALLIC TUBES."-A. Riedinger. (Hochf:
tech. u. Elek:akus., Oct. 1941, Vol. 58,
No. 4, p. 99.)

See 356 of February. The deduction of linear
detection from the linearity of the joining lines in
Fig. 11 was erroneous, since every power function
plotted to a logarithmic scale gives a straight line.
However, this correction allows a square -law
rectification to be. assumed (which seems justifiable
in view of the small input amplitudes) and actually
improves the agreement between the experimental
and calculated values (new Fig. I). The discrep-
ancy remaining can be attributed to the increasing
skin effect at the badly conducting surface.
927. ON THE EIGENSCHWINGUNG OF THE ELECTRO-

MAGNETIC HOHLRAUM : A NOTE ON RESO-
NATORS AND WAVE GUIDES.-M. Watanabe.
(Electrotech. Journ. [Tokyo], Jan. 1941, Vol.
5, No. I, pp. 7-1 o.)

" First the applicable limit of Bromwich's method
upon resonators and wave guides of various simple
forms is obtained ; and then, by using these results,
elliptic tubes, rectangular tubes, -coaxial rectangular
tubes, coaxial cylinders, and concentric spheres are
investigated."
928. THE THEORY OF CONICAL ELECTROMAGNETIC

HORNS.-Sonada. (See 1038.)
929. GENERAL STUDY OF OSCILLATING ELECTRO-

MAGNETIC FIELD WITH CURVILINEAR CO -

ORDINATES [General Cylindrical & General
Sphero-Conal Coordinate Systems : the
Finding of Weber's ' Electromagnetic Oscil-
lation Vector " F (div F = div H n div
E = o) : Three Types of Polarised Field and
the Principle of Superposition : etc.].-
M. Ito. (Electrotech. Journ. [Tokyo], Nov.
1940, Vol. 4, No. II, pp. 247-252.) For
Carson, Mead, & Schelkunoff's paper, re-
ferred to here, see 2504 of 1936.

930. THE FIELD -THEORY APPROACH TO NON -0
UNIFORM TRANSMISSION LINES.-S. Ramo.
(Proc. I.R.E., April 1941, Vol. 29, No. 4, 11

pp. 226-227: summary only.)
931. CONCENTRIC -SECTION RESONANT TRANSMIS1

SION LINES [New Method].-Hollingsworthi,
(See 991.)

932. TRANSMISSION -LINE VECTOR MODELS [Repre-
sentation of Hyperbolic Sine & Cosine of ,
Complex Variable in terms of Difference &
Sum of Two Exponential Spirals : these
Making of Three -Dimensional Wire Models].

S. G. Lutz. (Elec. Engineering, July 1941,,,
Vol. 6o, No. 7, pp. 364-365.) Sequel tot
1835 of 1941.

THE PHYSICS OF A TRANSMISSION LINE
[Maxwell's Theory : Poynting's Theorem :
Reaction between Electric & Magnetic
Fields : Nature of Corona : Moisture Films
on Insulators : etc.].-W. M. Thornton.
(Journ. .E.E., Dec. 1941, Vol. 88, Part II,'
No. 6, pp. 561-567.)

" It is easy to accept phenomena at their face
value, but it is always worth while to review them
from time to time even in this very general manner
if in doing so a fact or a point of view that is new
to us may emerge, or an old half-forgotten theorem
be restated."

933.
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934.

935.

TRANSMISSION OF AN ELECTROMAGNETIC WAVE
BY A ROW OF EQUIDISTANT SIMILAR PLATES
[Action similar to Filter in Electric -Circuit
Theory : Analogy to Circuit with Variable
Parameters,. and to General Media with
Periodically Varying Refractive Index].-
H. Poritsky. (Proc. April 1941,
Vol. 29, No. 4, p. 226: summary only.)
For other work by the same writer see 2473 of
1940.

ON THE REFLECTION AND TRANSMISSION OF
-AN ELECTROMAGNETIC WAVE TRAIN OF
FINITE LENGTH FROM A SERIES OF PARALLEL
LAYERS [and the Complicated Relations of
the Resultant Intensities to the Coherence
Length].-Y. Nomura. ( jap. Journ. of
Phys., No. I, Vol. 14, 1940/41, Abstracts
P. 48.)

936. PROPAGATION OF RADIATION IN A SCATTERING
AND ABSORBING MEDIUM, and THE ROLE
OF ABSORPTION IN TURBID MEDIA . -E. 0.
Hulburt : S. Q. Duntley. (Journ. Opt. Soc.
Am., Dec. 1941, Vol. 31, No. 12, pp. 754-
755 : p. 755 : summaries only.) (i) Appli-
cations are made to the brightness of clouds,
etc. (ii) Oil and water emulsions : see also
2359 of 1941.

937. ABSORPTION OF LIGHT AND HEAT RADIATION
BY SMALL SPHERICAL PARTICLES : I-
ABSORPTION OF LIGHT BY CARBON PARTICLES
[of Diameter comparable with the Wave-
length].-R. Ruedy. (Canadian foam. of
Res., Oct. 1941, Vol. 19, No. 1o, Sec. A, pp.
117-125.)

" From Mie's classical theory . . . the expression
giving the loss of light due to absorption and
scattering is reduced to the formula involving only
Bessel functions of orders given by half integral
values. The result is used for calculating the
absorption by small carbon particles. . . . When the
diameter is less than o.2µ, the coefficient of absorp-
tion decreases towards the red end of the spectrum.
The reverse is true for o.3 and 0.441 particles."

938. PRESSURE OF RADIATION ON A MOVING 'AB-
SORBING SURFACE. -H. E. Ives. (Journ.
Opt. Soc. Am., Jan. 1942, Vol. 32, No. I,
pp. 32-34.) For a moving totally absorbing
surface the value is exactly half of that for
a perfect reflector : it is invariant with
motion of the system source -absorber.

939. A GENERAL LAW OF DIMINUTION OF LIGHT
INTENSITY IN NATURAL WATERS, AND THE
PERCENT OF DIFFUSE LIGHT AT DIFFERENT
DEPTH S .-L. V. Whitney. (Journ. Opt.
Soc. Am., Dec. 1941, Vol. 31, No. 12,
pp. 714-722.)

940. NOTE ON THE DOPPLER EFFECT [With Useful
Application in Final Adjustment of Valve -
Maintained Tuning Fork to Frequency of
Standard Fork].-Mcllwraith. (See 1093.)

941. TROPOSPHERIC REFLECT I ONS . -A. W. Friend.
(Proc. I.R.E., Aug. 1941, Vol. 29, No. 8,
p. 47o : summary only.) Covering much
the same ground as 3220 of 1941.

NOT ONE STRATOSPHERE BUT Two [Tempera-
ture declines again above Tropopause in
Temperate Zones, up to Second Tropopause
bounding on " Pseudostratosphere "].- H.
Arctowski. (Sci. News Letter, 29th Nov.
1941, Vol. 4o, No. 22, p. 348.) Cf. Moller,
Queney, 637 & 639 of March.

DISAPPEARANCE OF THE TROPOPAUSE DURING
THE ANTARCTIC WINTER.-A. Court.
(Science, 12th Dec. 1941, Vol. 94, p. 55o.)

FURTHER MEASUREMENTS OF THE INTENSITY
OF THE LIGHT OF' THE NIGHT SKY.-
R. Hechtel. (Hochf:tech. u. Elek:akus.,
Dec. 1941, Vol. 58, No. 6, pp. 153-156.)

Continuation of the work at Kochel dealt with
in 1015 of 1941 : between Dec. 1939 (not 1940 as
repeatedly stated) and April 1941 the intensities
in three different regions of the spectrum were
measured on 61 nights by photographic photometry.
The work was carried out only when there was a
clear sky and no moonlight or scattered sunlight :
hence the comparative paucity of material. The
beginning and ending of twilight could be very
clearly recognised on the records by the sharp
intensity variations and by the change of the
intensity ratios in G, R, and T (see previous
abstract), twilight having larger ratios of G, and
particularly T, to R than the light of the night
sky (" N.H.L.", as before) : this follows from the
Rayleigh law of scattering. Table 1 gives 65 sets
of average values of G, T, and R intensities,
measured on an arbitrary logarithmic scale. From
these values (taken over periods varying from

to Doi hours) the mean values for each month
were worked out and are given in Table 2, together
with the number of days on which the observations
were taken. They are also plotted in Fig. I,
G, T, and R in order downwards ; at the bottom
is the Herzogstand curve of mid -day values of
max. electron concentration in the F, layer (the
quantity actually plotted is twice the logarithm
of the critical frequency for the ordinary ray.:
the logarithm of the max. concentration equals
this plus a constant). The G, T, and R curves
for the 17 -month period are very similar to each
other, and strongly resemble the F, concentration
curve : " it is possible that the agreement between
the curves for the N.H.L. and the max. concen-
tration would be still better if the data for the
former were more extensive. Whenever there
were only a few days of observation in a month,
small differences in the curves for N.H.L. and
max. concentration have little significance : this
applies to the position of the principal minimum,
which appears in May for the N.H.L. and in June
for the max. concentration. The position of the
principal N.H.L. maximum cannot be defined very
closely, since for Oct. 1940 and Jan. 1941 there
are no data. Deviations which would seem to be
real, owing to the larger number of measurements,
occur in the months Dec. 1939 to Jan. 1940:
here there is a small intensity increase in N.H.L.
in contrast to a definite decrease in max. concen-
tration. The same thing occurs in Nov./Dec. 1940,
where there is a small rise in G and T (R remains
constant) in contrast to a marked (16%) fall in
max. concentration.

942.

943.

944-
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The period Dec. 1940/April 1941 shows a clear
decrease, compared with the same months of the
previous year, both in the N.H.L. intensity and in
the max. concentration : the respective decreases
are 21% (G), 34% (R), and 19% (T), and 3o%
for the max. concentration. The reason for the
latter decrease is to be found in the I I -year sunspot
period, and if (as is natural) a similar connection
between N.H.L. and solar activity is deduced, this
would mean that a part of the N.H.L. is of solar
origin, presumably by way of the ionisation of
the F, layer. No correlation with the 27 -day sun-
spot -number curve could be established (Fig. 2),
though the writer considers that the N.H.L.
curves do suggest the existence of a 27 -day period.

The average nightly variations of N.H.L. intensity
over six three-month periods are shown in Fig. 3.
In any one period the curves for G, T, and R
are very similar, but their shapes differ in the
periods belonging to different seasons : thus the
Dec. 1939/Jan. 1940 curves are quite unlike those
of May/July 1940, but their shape reappears in
Nov. i94o/ J an. 1941. The well-known midnight
intensity -maximum of the green auroral line
(which is mainly responsible for the G intensity)
" thus makes its appearance in. the present records
only in winter " [if this is meant to refer to the
top left "G" curve, for instance, it is not very
convincing : still less so if the bottom -but -one
left curve is considered]. " It is worth noting that
the critical frequency of the F, layer also shows a
weak midnight maximum in winter (Herzogstand
record for December, Fig. 4), for which no satis-
factory explanation has yet been found. An
interpretation of both phenomena-the seasonal
variation of the nightly course of N.H.L. intensity
and the midnight maximum of the F, critical
frequency in winter-would be possible on the
assumption of an auxiliary ionising agent in the
form of a radiation originating in cosmic space and
coming in with greater intensity from a definite
direction. The possibility of such a radiation with
non -uniform directional distribution has already
been considered for the explanation of the diurnal
variation of the cosmic rays (Kolhorster, 162o of
1941)."

945. ON THE DIRECT AND " SUPERPROPAGATION
VELOCITIES OF SHORT WAVES [Apparent
Velocity of " Long -Path " Signals Greater
than That of " Short -Path " Signals, the
Difference decreasing as Solar Activity
increases].-N. Stoyko. (Comptes Rendus
[Paris], 12th May 1941, Vol. 2 I 2, No. 19,
pp. 784-786.)

Measurements of time signals between 1931 and
1939 gave 9410 figures for the apparent velocities,
the mean values being 272 483 km/s and 283 607
km/s for the short and long paths respectively. The
values for individual years all showed a greater
apparent velocity for the long -path waves, but in
the period 1936/39 (high solar activity) the short -
path values increased and those for the long path
decreased, compared with the period of low solar
activity 1933/35, so that the difference was smaller
in the period of greater solar activity (simple mean
difference + 5 501 km/s compared with 20 024
km/s).

" One finds that the increase of the activity of
the sun (by day compared with by night, in summer
compared with in winter) diminishes the height of
the ionised layer, increases the angle of incidence of
the waves, and consequently increases their apparent
velocity : this is confirmed for the short -path
propagation. The number of cases of long -path
transmission increases with rising solar activity, so
that the conditions of short -path and long -path
propagation should approach each other. The
difference between the long -path and short -path
velocities ought to diminish," which fits in with
the above results. But, as mentioned above, the
increased solar activity does not reduce the differ-
ence only by increasing the short -path apparent
velocity ; it also decreases (and, from the figures, to
a still greater extent) the long -path apparent
velocity. No explanation of this is suggested. For
previous work see 8 & 2924/5 of 1935 and 3595 of
1937.

946. HARVARD IONOSPHERE ECLIPSE EXPEDITION
TO SOUTH AFRICA.-J. A. Pierce. (Proc.
I.R.E., Aug. 1941, Vol. 29, No. 8, p. 4'70 :
short summary only.)

" In general, the results of previous expeditions
were confirmed, although the changes in the ion
density of the F, layer were of a larger magnitude
than had been reported before. Evidence was
obtained of the differences in the intensity of the
ionising radiation from various parts of the surface
of the sun."

947. IONOSPHERIC CHARACTERISTICS AT HUANCAYO,
PERU, FOR THE YEAR 1940: and FOR JULY!
SEPTEMBER, 1941: also THE IONOSPHERE AT
WATHEROO, WESTERN AUSTRALIA,JULY/
SEPTEMBER, 1941.-R. C. Coile & others :
W. C. Parkinson. (Tern. Mag. & Atmos.
Elec., Dec. 1941, Vol. 46, No. 4, Pp 435-442
pp. 443-446 pp 447-450-)

948. SOME OBSERVATIONS ON INTERRUPTIONS TO
RADIO COMMUNICATION OVER SHORT DIS-
TANCES IN HIGH NORTHERN LATITUDES
[Short -Wave Interruptions lasting Hours &
Days in Alaska & the Yukon].-R. J.
Gleason. (Proc. I.R.E., June 1941, Vol. 29,
No. 6, p. 356: short summary only.)

949. HIGH -FREQUENCY RADIO TRANSMISSION CON-
DITIONS, SEPTEMBER, 1941 [including the
Aurora of the 18th : Sporadic -E Reflec-
tions].-Nat. Bur. of Standards. (Proc.
I.R.E., Oct. 1941, Vol. 29, No. Do, pp. 563-
564.)

950. ONE UNUSUAL OBSERVATION IN THE AURORAL
DISPLAY OF 18TH SEPTEMBER [Streamers
apparently Close Overhead], and OZONE
ODOUR DETECTED DURING AURORAL DIS-
PLAY.-F. C. Brown : M. E. Little. (Science,
12th Dec. 1941, Vol. 94, pp. 562-563: Sci.
News Letter, 8th Nov. 1941, Vol. 4o, No. 19,
P 295.)

951. THE SUNSPOT -GROUP ASSOCIATED WITH THE
MAGNETIC STORM OF SEPTEMBER 18TH, 1941,
and THE AURORA AND GEOMAGNETIC STORM
OF SEPTEMBER. I 8TH / I 9TH, I 94 I .-R. S.

ul
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Richardson : A. G. McNish. (Ten,. Alag.
AIMOS. Elec., Dec. 1941, Vol. 46, No. 4,
pp. 459-46o : pp. 461--463.)

952. RANGES OF WIRELESS WAVES [IC, kC iS to
3o Mc/s : Discussion of Curves, reproduced
from National Bureau of Standards Letter
Circular LC 615 of 1940, giving Predictions
for 1941 : Criticism of Insufficient Attention
to Orientation of Communication].-H. A.
Hess. (E.T.Z., 23rd Oct. 1941, Vol. 62,
No. 42/43, pp. 857-859.)

For the writer's paper referred to see 2335 of 1941 :
the second footnote refers to American papers on
the effects of the magnetic storm of 24th March
1940 on h.t. and telephone systems -953, below.

953. PAPERS ON THE EFFECTS OF THE MAGNETIC
STORM OF 24TH MARCH 1940 ON H.T. AND
TELEPHONE NETWORKS, AND DATA OF BIG
STORMS FROM 1859 ONWARDS.-W. F. David-
son : L. W. Germaine : A. G. McNish.

3oth Jan. 1941, Vol. 62, No. 5,
p. 99 : p. Too : p. ioo : summaries only.)
Referred to in 952, above : see also 1828 of
1941, and 15 & 1604 of same year.

954. THE SUDDEN REVERSAL IN THE MAGNETIC
POLARITY OF SUNSPOTS [and the Opportunity
of Research provided by the Coming Mini-.
mum in the Solar Cycle).-S. B. Nicholson.
(Science, 7th Nov. 1941, Vol. 94, Supp. p. io.)

955. INDUCTION MAGNETOGRAPH [and Application
to Ionospheric Research].-H. Nagaoka &
T. Ikebe. (Jap. Journ. of Phys., No. 1,
Vol. 14, 1940'41, Abstracts p. 41.) Another
summary was referred to in 21 of 1940.

956. ON THE RELATIONSHIP BETWEEN THE PROPA-
GATION OF SHORT RADIO WAVES AND
MAGNETIC ACTIVITY.-A. F. Pershin. (Elek-
trosvyaz [in Russian], No. 4, 1941, pp. 43-45.)

Some results are published of the observations
made in Russia in 1938 on the propagation of day
(15-25 m) and night (3o -6o m) waves in a westerly
(New York), easterly (Vladivostok, Khabarovsk)
and southerly (Tashkent, Tbilisi) directions. The
sum of the daily average amplitudes of the magnetic
dip and of the horizontal and vertical components
was taken as a measure of magnetic activity. The
field intensity in ktv/m was chosen to represent the
propagation conditions. Curves showing the varia-
tion of magnetic activity (dotted line) and field
intensity (thick line) are plotted. A study of these
curves leads to the following conclusions :-(i) An
increase in magnetic activity is nearly always
accompanied by a deterioration in the propagation
conditions. (2) In the majority of cases all direc-
tions are affected simultaneously. (3) On the other
hand, some magnetic disturbances even of consider-
able intensity affect the propagation conditions
only slightly or not at all. Also only some of the
directions become affected. (4) During some of the
strong magnetic storms a rapid increase in the field
intensity was observed for a short time. (5) The
easterly and westerly directions are more liable to
be affected by magnetic activity than the southerly
direction. (6) No variations in the propagation

conditions corresponding to the 27- and 54 -day
periods could be observed in 1938.

To obtain a numerical relation between the
propagation conditions and magnetic activity, a
yearly and a few monthly correlation coefficients
have been calculated for one station (RKL). Aver-
age daily field intensities and amplitude sums were
used for computing the monthly coefficients, and
average five-day values in the case of the yearly
coefficient. The correlation coefficients for day and
night are shown in Table T. The small numerical
values and the negative sign indicate respectively
that there is only a slight direct relationship between
the two phenomena, and that their variations are
of opposite phase. A somewhat higher value of the
yearly coefficient based on five-day averages indi-
cates a better correlation, which means that there
is a lag of a few days between a magnetic disturb-:
ance and the full effect on the propagation condi-
tions.
957. GREENWICH FREQUENCY -STATISTICS [over 62

Years] OF GEOMAGNETIC DISTURBANCE :
also COMPARISON OF LONG PERIODIC VARIA-
TIONS IN MAGNETIC ELEMENTS AND AIR -
TEMPERATURE and SOME RELATIONSHIPS
IN THE FIELDS OF GEOMAGNETIC STORMS.-
S. Chapman : K. F. Wasserfall : B. Cynk.
(Tern. Mag. & Almos. Elec., Dec. 1941,
Vol. 46, No. 4, pp. 385-400 : pp. 417-430:
PP 431-433.)

958. A STATISTICAL ANALYSIS OF THE EARTH'S
INTERNAL MAGNETIC FIELD .-W . M. Elsas-
ser. (Phys. Review, 15th Dec. 1941, Vol. 60,
No. 12, pp. 876-883.)

959. " AMERICAN GEOPHYSICAL UNION, TRANS-
ACTIONS OF 1941 " [Book Review].-J. A.
Fleming (Edited by). (Tern. Mag. & Aintos.
Elec., Dec. 1941, Vol. 46, No. 4, pp. 433-434.)

96o. INTENSITY VARIATIONS OF COSMIC RAYS
[including Strong Correlation with Magnetic
Storms].-C. Ishii & others. (Jap. Jourti.
of Phys., No. I, Vol. 14, 1940:41, Abstracts
p. 32.)

961. RECENT COSNIIC-RAY RESEARCHES OF THE
U.S. ANTARCTIC SERVICE .-S . A. Korff.
(Science, 12th Dec. 1941, Vol. 94, pp. 549-
55o.)

962. ELECTRIC FIELDS [produced by Cosmic Rays]
IN INTERSTELLAR SPACE.-Foster Evans.
(Phys. Review, 15th Dec. 1941, Vol. 6o,
No. 12, p. 911.) Reply to Mohler's letter,
3003 of 1941.

963. ON COSMIC PARTICLES [Hitherto Overlooked
Results of Existence of Diffuse Clouds of
These : Secular Change of Velocity of Light,
etc.].-T. Takeuchi. (Jap. _loam. of Phys.,
No. I, Vol. 14, 1940/41, Abstracts pp. 1-2.)
Cf. Bessey Smith, 2337 of 1941.

964. THE PROPAGATION OF SURFACE WAVES OVER
STRATIFIED AND UNEVEN GROUND [and the
Derivation of a " Modified " Zenneck Wave].
-J. Grosskopf. (Hochf.tech. u. Eleh:ahus.,
Dec. 1941, Vol. 58, No. 6, pp. 163-171.)

After various workers had discredited the Zenneck
surface waves on theoretical grounds, with Burrow's
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measurements on z m propagation over fresh water
(1693 of 1937) in agreement with them, Norton
showed that a splitting of the field radiated from
an aerial into a space field and a surface field was
quite plausible physically and was also useful for
practical purposes. The Norton type of surface
wave (32 & 33 of 1938) differs from Zenneck's to
a not unimportant extent, and the writer therefore
begins by an exposition and comparison of the two
types. He sums up 'with the statement that the
electric vector in both cases describes practically
the same rotating -field ellipse : the Zenneck wave
however is attenuated exponentially, and its phase
velocity depends on the ground constants and is
greater than the velocity of light ; whereas the
Norton wave at large distances from the transmitter
(a condition which must be fulfilled if a comparison
is to be made with the plane Zenneck wave) is
attenuated in proportion to 1/r2 and has a phase
velocity which is independent of the ground con-
stants and is equal to c.

The writer continues : " Alpert, Migulin, &
Ryasin have recently made an important contribu-
tion [the reference is to Journ. of Phys. [of U.S.S.R.],
Vol. 4, 1941, p. 13 onwards : this is presumably a
translation of the paper in Russian dealt with in
622 of March] . . . Using well-known series de-
velopments of the Sommerfeld solution they have
shown on worked -out examples that the phase
velocity of radio waves is (except in the close
neighbourhood to the transmitter, when r is less
than  A) smaller than c and that with increasing
distance it very rapidly approaches c asymptotically
without any dependence on the ground properties.
Fig. 3, taken from this paper, shows the calculated
variation of the phase velocity with distance [up to
4.5A : A = 30o m] : the qualitative course of the
curve was confirmed by extremely careful measure-
ments, Fig. 4 [up to 40. A = 127.6-191.4 m]. Also
as regards the height -dependence of the phase of
the electromagnetic field good agreement between
theory and experiment was found.

" In view of these results it seems no longer
defensible to use the pure Zenneck wave -type in its
original form as a basis for theoretical and practical
considerations. On the other hand it is desirable
for many purposes to be able to employ a wave
similar to the Zenneck type and offering the same
advantages and simplifications for the mathematical

_treatment of complicated problems. Nov it is
easy to derive from the Maxwellian equations (1) a
wave form which simultaneously gives the Zenneck-
Norton rotating field and has a phase velocity equal
to c " , by putting H = H(y) . e j(kox - cot), where
y is the height above ground. The " modified
Zenneck " wave thus found has, in air, the form
given by eqn. 9, fulfilling the above conditions and
contained (as it must be) in the exact Norton
solution eqn. 6, if these are approximated for large
distances from the transmitter and not too great
heights y. For under these conditions, and
neglecting the term 2 sin 0/n -V - n2 as small
compared with unity, the sum of the two Norton
fields is given by eqn. 12 : putting n2 = k 02/k2 this
reduces to eqn. 13, which yields eqn. 9 if the Ho
in this is put equal to 2 e jkorir2 k2ik .2. Here the
amplitude factor, the first term of the product,
expresses the surface -wave attenuation with the

square of the distance, while the second term
expresses the influence of the ground.

It is to be noticed that both the surface -wave and
the space -wave components of the Norton " split-
ting " contribute to this solution, so that one can.
no longer really speak of a surface wave with
independent physical meaning. This is already
obvious from the unlimited increase of the solution
for large values of y. Nevertheless the " modified
Zenneck " wave can serve as the foundation for
further developments provided, that its limits of
validity are borne in mind. The writer, accordingly,
deals in section v with the propagation of the
modified Zenneck wave over stratified ground, just
as in a previous paper (1833 of 1941) he and Vogt
dealt with the original Zenneck wave. He obtains
eqn. 16, " which, except as regards the abbrevia-
tions r, and r2 and as regards the left-hand side, is
exactly the same expression as that obtained for
the original Zenneck wave. Thus the influence of
the ground on the electric rotating field is shown
in a similar way with both the wave forms," and
the relation p' = plcb, between the Exl.Ey ratios for
stratified and homogeneous grounds, remains the
same as before. The calculation of 0 (eqn. 19) is
considered on p. 167: the conclusions reached have
already been compared with the experimental
results (376 of February) : " by careful analysis of
the measured frequency -dependence of the ampli-
tude and phase of the ratio of the axes, very many
deductions as to the constitution of the ground
were possible."

The writer next considers the question of the
phase velocity of the original Zenneck wave over
stratified ground, starting from eqn. 22 (printed "2")
obtained in the previous work (1833 of 1941) for
the propagation constant h over such ground.
Eqn. 23 is obtained for the phase velocity : for
homogeneous ground r = r and 4,/, = o and the
phase velocity is greater than c. For five types of
stratified ground (defined in the caption of Fig. 6),
Fig. 7 gives the percentage deviation of the phase
velocity from c as a function of frequency : it is
seen that periodic fluctuations of these deviations
occur, whose amplitudes and frequency depend on
the thickness and conductivity of the layers : that
negative deviations appear only when the lower
layer is the more conductive (curves 4 & 5) : and
that the percentage deviations can attain con-
siderable values (up to 5%). In the case of the
better -conducting layers being underneath, the
fluctuations are not shown in Fig. 7 because they
are larger than can be dealt with by the approximate
formula employed. The above behaviour of the
original Zenneck wave will produce ray deflections
not only at all internal inhomogeneities such as
changes in the ground constants or in layer thick-
ness, but also at surfaces which are in themselves
flat ; particularly for grazing incidence (see last
paragraph of section v). Measurements over
stratified ground would therefore be very suitable
for a further experimental decision of the problem
of the Zenneck wave.

Section vi considers the possibility of the in-
fluencing of the rotating field and of the phase
velocity by curvatures of the surface. For the
propagation in an axial direction over a cylindrical
surface the Riemann-Weber (1927) solution gives
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an expression for the propagation constant h which
for a very large radius is the same as that obtained
by the writer for the Zenneck wave over flat
ground (see above). For smaller radii the writer
uses an approximation and gives in Fig. 8 the
calculated percentage deviation from c of the
phase velocity of a 3o m wave, for a = Io8 e.s.u. and

= 20, as a function of cylinder -radius values from
about io m to ro 000 m. The phase velocity for
the original Zenneck wave is seen to deviate only
slightly from its value over flat earth, even at the
sharpest curvatures likely to occur in practice.
The same thing applies to propagation in the axial
direction over a hollow cylindrical surface (Fig. 8
also). It is to be assumed that the " modified
Zenneck " wave would be still less affected by
curvatures. Finally, propagation over an arbitrarily
curved surface is considered. The Zenneck-Rukop
textbook (1925) gives the behaviour of a wave
meeting a hill : for very badly conducting ground
an undistorted penetration is assumed, while for
very highly conducting ground a " wire "-type
guiding of the surface wave is considered to occur.
But diffraction and reflection effects must be added,
and the writer again reproduces the diagram (Fig. 9)
of the " Glider Hill " measurements of field inclina-
tion : see end of 1833 of 1941. The obstacle was
partly penetrated, but it also exercised a consider-
able " guiding " action : since the conductivity was
very low it may be assumed that in the case of good
conductivity the latter action would predominate.

The writer proceeds to investigate to what extent
an arbitrarily curved surface in this simplest case
(good conductivity and not too steep slopes) may
influence the propagation path. Eqn. 37 shows
that the surface wave follows the behaviour of the
space wave, which is known to conform to the
Fermat " shortest path -time " principle. Further
analysis, and the numerical example on p. 170, r -h
column, lead to the conclusion that considerable
ray deflections may occur even in more complicated
cases where the present calculations only apply
qualitatively. Such deflections cannot be neglected
in the consideration of direction -finding ray varia-
tions. In many cases the Fermat principle can be
used as a simple way of determining the ray path :
for instance, in the case of a ray passing over a
horizontal flat surface terminating in a projecting
slope. The slope is first " folded down " into the
horizontal position and the paths (for various
directions of incidence) marked as straight lines :
on returning the slope to its true position these
paths remain, but their projections on the horizontal
plane show changes of direction-ray deflections-
at the boundary line between horizontal plane and
slope.

965. THE CARTOGRAPHIC SOLUTION OF GREAT
CIRCLE PROBLEMS.-A. J. Dilloway. ( Journ.
Roy. Aeron. Soc., Jan. 1942, Vol. 46, No. 373,
PP, 4-31.)

ATMOSPHERICS AND ATMOSPHERIC
ELECTRICITY

966. THE LIGHTNING DISCHARGE [Survey, with
Conclusions -regarding Previous Results of
Norinder, McEachron, and Schonland : Wave
Form of Atmospherics due to Successive
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Reflections from Ionosphere rather than to
Current Pulsations in the Channel : etc.].
C. E. R. Bruce & R. H. Golde. (Journ. I.E.E.,
Dec. 1941, Vol. 88, Part II, No. 6, pp. 487-
505 : Discussions pp. 505-520.) This is the
E.R.A. Report mentioned in 2364 of 1941.

967. THE LIGHTNING -FLASH SPECTRUM.-H. Israel
& K. Wurm. (Naturwiss., 26th Dec. 1941,
Vol. 29, No. 52, pp. 778-779.)

A particularly successful record taken on 19th
July 1941 is tabulated and discussed : it was taken
from the lower end of the path. The first dolumn
shows the emitting particle, the second the measured
wavelength, the third the roughly estimated
brightness : the remaining data, including the
excitation potentials, are taken from Miss Moore's
" multiplet table of astrophysical interest " (1933).
The outstanding feature is the simultaneous
occurrence of a strong line spectrum and a strong
band spectrum. The so-called " negative " bands
of nitrogen (N2+) which occur in this and in all the
writer's records are not found in laboratory sparks
in air, but are to be seen in a glow discharge through
pure nitrogen at greatly reduced pressures. Various
points in this and other records are discussed, such
as the variation of the relative line brightnesses at
different positions along the path : with regard to
the Special record tabulated, " it must be added
that at the spot where the flash strikes the ground,
' pole -lines ' of calcium appear which extend about
1.5-2 m high in the path of the flash."

The writers conclude that these results give rise
to a number of questions which cannot at present
be answered owing to lack of data. Moving -
camera records such as those of Schonland and his
colleagues have shown that the lightning stroke
consists of a series of constituent phases, some of
which (after -glow of the path) cannot be imitated
in the laboratory. If it be assumed that the
luminous phenomena in the constituent phases
possess different spectra, this would perhaps yield
an interpretation of the surprising spectral composi-
tion of the light from the flash.
968. " THE MECHANISM OF THE ELECTRIC SPARK "

[Book Notice].-L. B. Loeb & J. M. Meek,
(Elec. Engineering, Sept. 1941, Vol. 6o, No. 9,
p. 466.)

969. VOLT -TIME AREAS OF IMPULSE SPARK -OVER.
H. Hagenguth. (Elec. Engineering, July

1941, Vol. 6o, No. 7, Transactions pp. 803-
81o.)

970. DISCUSSIONS ON " THE MEASUREMENT OF
LIGHTNING VOLTAGES AND CURRENTS IN
SOUTH AFRICA AND NIGERIA, 1935 TO 1937."
-F. R. Perry. (journ. I .E .E., Dec. 1941,
Vol. 88, Part II, No. 6, pp. 513-52o & pp.
521-524.) See 2996 of 1941.

971. LIGHTNING TO THE EMPIRE STATE BUILDING
[I937/40 Results and Conclusions].-K. B.
McEachron. (Elec. Engineering, Sept. 1941,
Vol. 6o, No. 9, Transactions pp. 885-889.)

972. THE DIRECT MEASUREMENT OF LIGHTNING
CURRENT [Instruments in Empire State
Building, giving Low -Magnitude, Long -Time
Current Record of Each Stroke and High-
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973.

974-

975.

Magnitude, Short -Time Components].-
J. W. Flowers. (jaunt. Franklin Inst., Nov.
1941, Vol. 232, No. 5, pp. 425-450.)

THE PROTECTION OF TELECOMMUNICATION
EQUIPMENT AGAINST HIGH VOLTAGES [par-
ticularly Siemens Protectors].-F. J. Gee.
(Sci. Abstracts, Sec. B, Nov. 1941, Vol. 44,
No. 527, pp. 220-221.) Cf. 974/5, below, and
for Miiller's paper on the protection of
wireless transmitting installations see 66o of
March.

DEVELOPMENT IN LIGHTNING PROTECTION OF
[Sub-] STATIONS.-E. R. Whitehead. (Elec.
Engineering, Sept. 1941, Vol. 6o, No. 9,
Transactions pp. 898-900.)

LIGHTNING PROTECTION FOR ELECTRICAL
PLANT [Survey of Various Types of Pro-
tector].-O. Naumann. (Helios [Leipzig],
29th June 1941, Vol 47, No. 26, pp. 825-829 :
in German.)

976. " VISIBILITY IN METEOROLOGY," and METEOR-
OLOGICAL INSTRUMENTS " [including Radio -

977.

sondes & Radio -Wave Soundings : Book
Reviews].-W. E. K. Middleton. (Journ.
Roy. Aeron. Soc., Dec. 1941, Vol. 45, p. 378.)

COMPARISON OF METHODS FOR COMPUTING
AIR -EARTH CURRENTS, and RADIOACTIVITY
OF ROCKS AND IONISATION -BALANCE OF THE
ATMOSPHERE.-K. L. Sherman : V. F. Hess.
(Terr. Mag. & Atntos. Elec., Dec. 1941, Vol.
46, No. 4, pp. 401-407 : pp. 409-415.)

PROPERTIES OF CIRCUITS
978. CONTROL PROBLEMS [Application of Operators

to Linear Problems : Non -Linear Control
Problems (including Liapounoff's Theorem) :
Laplace Transform and Hurwitz Stability
Criteria : etc.].-Minorsky Tischner. (See
1202/3.)

979. A SEMI -GRAPHICAL [Power Circle Diagram]
METHOD OF DETERMINING THE POWER
LIMITS OF AN INTERCONNECTOR [Compound
Power -Transmitting Circuit acting as Syn-
chronous Tie between Two Otherwise Inde-
pendent A.C. Systems].-H. Rissik. (Journ.
I.E.E., Dec. 1941, Vol. 88, Part II, No. 6,
pp. 568-588.)

980. ELECTRICAL AND MECHANICAL ANALOGIES
[Survey]. --W. P. Mason. (Bell S. Tech.
Journ., Oct. 1941, Vol. 20, pp. 405-414.)

981. THE HISTORY OF ELECTRICAL RESONANCE
[from the Leyden Jar to " Four Sevens "
Marconi Patent].-J. Blanchard. (Bell S.
Tech. Journ., Oct. 1941, VOL 20, No. 4,
PP- 415-433.)

982. DEIONISATION CONSIDERATIONS IN A HAR-
MONIC PRODUCER EMPLOYING A GAS -TUBE
SWITCH.-Shepherd. (See 1146.)

983. COUNTER CIRCUITS AND THEIR APPLICATIONS
[Frequency -Dividing Circuits for Frequencies
below i Mc/s, with Excellent Performance].
-H. B. Deal. (Proc. I.R.E., April 1941,
Vol. 29, No. 4, p. 223 : short summary only.)

984. SYMMETRICAL CIRCUITS OPERATING AT THE
RESONANCE OF THE SECOND ORDER.-B. N.
Gorozhankin & Yu. A. Manteyfel [Manteufel].
(Elektrosvyaz [in Russian], No. 3, 1941, pp.
33-34.)

It has been shown by Mandelstam & Papalexi
(see reference 1, and 1932 Abstracts, pp. 279-280)
that if an e.m.f. is applied to an under -excited valve
oscillator and the frequency of the e.m.f. is a multiple
or nearly a multiple of the natural frequency, then
oscillations may appear in the oscillator circuit
(" resonance of the n-th order "). In practice this
effect has been utilised for frequency division and
in so-called " autoparametric " filters (2593 of
1935). The drawback to these systems, however, is
the fact that they operate at the threshold of self -
excitation. Symmetrical circuits employing two
valves in push-pull, and suitable for use as auto -
parametric filters, are therefore considered here.
One of the circuits (Fig. 1) was originally proposed
by Sterky (51 of 1938) and the other (Fig. 2) by
one of the authors. The operation of these circuits
is discussed in detail and a report on experiments
is given. It is shown that in spite of external
differences the behaviour of the two circuits at
second -order resonance is identical. They possess
the following advantages :-the possibility of self -
excitation and asynchronous excitation is excluded,
greater stability at the resonance of the second
order, wider band of frequencies passed, lower
threshold of excitation, and quicker extinction of
oscillation when the drive is removed.

985. SYMPOSIA ON " NON-LINEAR CIRCUIT THEORY "
AND " WAVE FILTERS AND OTHER NET-
WORKS " [Programme of Lectures].-(Proc.
I.R.E., Oct. 1941, Vol. 29, No. Io, p. 567.)

986. AUTHOR'S NOTE AND CORRESPONDENCE ON
" THE RESPONSE OF ELECTRICAL NETWORKS
TO NON -SINUSOIDAL PERIODIC WAVES."-
N. Marchand : H. Sherman. (Proc. I.R.E.,
NOV. 1941, Vol. 29, No. II, p. 603.) See
3259 of 1941. Sherman calls attention to the
advantages of the " finite transform "
method.

987. A TREATISE ON THE ELECTRIC CIRCUITS
CONSISTING OF CONCENTRATED CONSTANTS
(Treatment with Advantages over Usual
Method involving Solution of General
Equation].-N. Yamada. (Electrotech. Journ.
[Tokyo], Dec. 194o, Vol. 4, No. 12, pp. 263-
267.)

" The characteristics of a complicated circuit
can be readily deduced from that of a simple
circuit, and in addition the manipulation of the
circuit can be proceeded in parallel with the visual-
isation of the physical phenomena occurring in the
circuit."
988. TRANSMISSION OF AN ELECTROMAGNETIC WAVE

BY A ROW OF EQUIDISTANT SIMILAR PLATES
[Action similar to Filter : Analogy to Circuit
with Variable Parameters, etc.].-Poritsky.
(See 934.)

989. RELATIONS BETWEEN DIMENSION OR DISPOSI-
TION OF ELECTRODES AND THEIR ELECTRICAL
EQUIVALENT CIRCUIT CONSTANTS, IN RECT-
ANGULAR PIEZOELECTRIC VIBRATORS HAVING
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LONGITUDINAL MODE OF VIBRATION
connection with L.F. Filter -Circuit Vibrators
with Deposited -Film Electrodes not covering
Entire Surface].-Z. Kamayachi & T. Ishi-
kawa. (Electrotech. Journ. 7_Tokyo], Nov.
1940, Vol. 4, NO. 1I, pp. 243-246.) For
previous work see 1849 of 1941.

990. NETWORKS WITH ELECTRICAL SYMMETRY
Theorem leading to Insertion -Effects Equa-

tions & Sending -Arm Load Equation :
Application to Wave -Filter & Transmission -
Line Performance : etc.].-E. S. Purington.
(Proc. I .R.E., May 1941, Vol. 29, No. 5,
p. 282 : summary only.)

CONCENTRIC -SECTION RESONANT TRANSMIS-
SION LINES ilNew Method of Shortening the
Physical Length of Concentric Resonant
Lines (for U.H.F. Circuit Elements) by Sub-
division into Section packed One Inside the
Other].---- L. M. Hollingsworth. (Proc. I.R.E.,
June 1941, Vol. 29, No. 6, p. 356 : summary
only.)

992. NON -STATIONARY PROCESSES IN A COAXIAL
CABLE.-V. N. Gorshunov. (Elektrosvyaz
[in Russian], No. 3, 1941, pp. 45-48.)

An analysis of the processes taking place in a
coaxial cable of infinite length when a unit voltage
impulse is applied to it. A formula (5) is given
determining the impulse voltage at a point e due to
the unit impulse at the input. The integral in
the formula is evaluated and the formula is re-
written in a simplified form (13). Using this formula
the building up of the voltage at the point e is
discussed. Formulae (19) are also derived for calcu-
lating the attenuation of the cable as determined
by its length. The theoretical conclusions were
verified experimentally on a cable 2140 m long.
A cathode-ray oscillograph was used in these
experiments and some of the oscillograms are shown.

993. CORRECTION TO A FORMULA IN A PAPER ON THE
INTERNAL NOISES IN A COAXIAL CABLE.-
Josephs. (Elektrosvyaz [in Russian], No. 3,
1941, p. 76.) The original paper was in
No. 8 of 1940.

994. THE INTERACTION BETWEEN Two PARALLEL
LINES WHEN THE LOADS ARE NOT MATCHED.
-A. M. Zingerenko. (Elektrosvyaz [in Rus-
sian], No. 3, 1941, pp. 69-7o summary.)

It is stated that various cases of interference
between two parallel lines such as two telephone
lines, telephone and telegraph lines, power -trans-
mission and telephone lines, etc., can be regarded
as particular cases of two parallel lines with un-
matched loads. Taking this general case, equations
(t) determining the voltage and current in the line
affected by the other are written down and their
solutions are given.

995, REACTANCE NETWORKS FOR COUPLING BE-
TWEEN UNBALANCED AND BALANCED CIR-
CUITS [in Cases where Isolation Transformer
is Unsatisfactory owing to Charging Current
across Distributed Capacitance at High
Frequencies, leading to Unbalance].-S.
Frankel. (Proc. I.R.E., Sept. 1941, Vol. 29,
No. 9, pp. 486-493.)
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996. TRANSIENTS IN ELECTRIC CIRCUITS " [Book
Review].-Coulthard. (See 1201. )

997. THE FILTERING ACTION IN THE RECTIFICA-
TION OF AMPLITUDE -MODULATED CARRIERS.
-Buchmann. (See 1028.)

998. THE FULL -WAVE VOLTAGE -DOUBLING RECTI-
FIER CIRCUIT [for Small Receivers, C.R.
Oscillographs, etc : Graphical Presentation
of Analytical Results, and Comparison with
Experiment : the Possible Use of Polarised
Electrolytic Condensers : etc.].-D. L. Waid-
elich. (Proc. I.R.E., Oct. 1941, Vol. 29,
No. 10, pp. 554-558.) See also 34 of January.

999. THE CORRECTION OF TRANSFORMER FAULTS
BY COMPLEX NEGATIVE FEEDBACK.-H.
Oltze. (Hochf : tech. u. Elek : akus., Nov.
1941, Vol. 58, No. 5, pp. 133-136.)

" For many purposes amplifiers are needed which
over a wide frequency band have a constant real
output resistance or an amplification independent
of frequency, or both. The transformer, generally
necessary in order to step down the internal resist-
ance of the final valve to a desired value, limits by its
leakage and stray inductances, and its capacitance,
the frequency range over which these requirements
can be fulfilled to a desired degree of accuracy.
The following work investigates how far the harmful
effects of the transformer on the constancy of the
output resistance (i.e. on the reflection factor) and
of the amplification can be compensated by simple
means." The writer considers first an amplifier
with complex voltage negative -feedback (" durch-
griff correction ") and then an amplifier with
inductive or capacitive current negative -feedback
(" slope correction ").

Author's summary :-" The harpful influence of
the transformer on the reflection factor and the
constancy of amplification can to a great extent
be compensated by complex negative feedback with
simple means. The extension of the transmission
range thus made possible is relatively greater, the
stricter the requirements as to constancy. The
relative output impedances 914/?,, [indicating the
deviations of the output impedance from its required
value R0], obtaining at a definite geometrical
distance from the lower or upper limiting frequency
of the transformer, in the case of " durchgriff
correction " or " slope correction " of the leakage
inductance or capacitance are equal and reciprocal
to the values obtained by correction of the stray
inductance. The reflection factors reached are
equal for all the types of correction considered.

" With suitably designed durchgriff correction '
of the leakage admittance it is possible, by renounc-
ing an optimum reflection factor, to obtain an open -
circuit or working amplification which is constant
over a wide range. With ' slope correction ' of the
leakage admittance, and also with correction of the
stray inductance, the greatest constancy of the
working amplification and the lowest reflection
factor are obtained for the same degree of cor-
rection."

1000. AN INVESTIGATION OF [the Selectivity &
Frequency Stability of] HIGH -SELECTIVITY
SYSTEMS USING NEGATIVE FEEDBACK.-
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A. A. Rizkin. (Elektrosvyaz [in Russian],
No. 4, 1941, pp. 33-42.)

The use of negative feedback for raising the
selectivity and frequency stability of a valve
circuit is discussed. A general method based on
the use of circle diagrams (Fig. 2) is proposed, and
using this method the main relationships deter-
mining the operation of the system are derived.
The effect of the instability of the feedback circuit
on the selectivity of the system is also investigated.
Systems using ordinary LC oscillating circuits
(Fig. 3) and RC circuits only (Fig. 4) are then
considered, and it is shown that both types have
identical resonance curves. In conclusion a
description is given of a two -stage amplifier for
use as a high -stability audio -frequency oscillator.
Performance data and a circuit diagram (Fig. 6)
showing the values of the components are included.

1001. THE DESIGN OF FEEDBACK AMPLIFIER
SYSTEMS.-F. E. Terman. (Proc. I.R.E.,
June 1941, Vol. 29, No. 6, p. 361 : summary
only.)

1002. CALCULATION AND DESIGN OF RESISTANCE -
COUPLED AMPLIFIERS USING PENTODE TUBES.
-F. E. Terman & others. (Sci. Abstracts,
Sec. B, Nov. 1941, Vol. 44, No. 527, p. 227.)
A summary was dealt with in 325 of 1941.

1003. THE SIGNIFICANCE OF THE GRID/ANODE
CAPACITANCE FOR TELEPHONE LINE AMPLI-
FIERS.-M. Kluge. (Hochf:tech. u. Elek:akus.,
Nov. 1941, Vol. 58, No. 5, pp. 126-128.)

Since the introduction of the screen -grid valve
the grid/anode capacitance has lost the importance
which it previously had in the design of selective
h.f. amplifiers. On the other hand it is perhaps
not sufficiently. realised that in the a.f. amplifiers
of long-distance ,cables this capacitance plays an
important role, one which is in fact decisive in
determining the most important working properties.
The practical significance of this point is here
investigated, with special reference to the complete-
ness of distortion -correction and matching, and the
necessary accuracy with which the various circuit
components must be manufactured in order that
good results may be obtained. Thus in the
neutralised triode amplifier of Fig. I the input
capacitance must be kept within ± 3% if the
frequency -equalisation is to be kept within ± 0.03
neper. But about a half of this capacitance is made
up of the self -capacitances of transformer, leads,
sockets, and the grid/cathode gap, and it must
therefore vary by a good deal more than 3%.
This problem is considered in detail, and it is shown
that by departing from strict neutralisation the
input capacitance can be made to reach the value
necessary for equalisation, and that the employment
of negative capacitances allows a lower total
-capacitance, and thereby higher amplification and
distortion -correction, to be obtained.
1004. ON THE REDUCTION TO A MINIMUM OF FRE-

QUENCY -PHASE DISTORTIONS IN AMPLIFIERS.
-V. G. Vol'pyan. (Elektrosvyaz [in Russian],
No. 3, 1941, pp. 15-32.)

It is well known that the frequency and phase
characteristics of a circuit bear a definite relationship.
Nevertheless in designing amplifiers it is usual to

consider the two characteristics separately, with the
result that it is difficult to obtain a simultaneous
improvement in both. Accordingly, a new method
is proposed which is based on the use of so-called
" imaginary frequency characteristics " unifying
the conceptions of the frequency and phase char-
acteristics. From a study of these characteristics,
conditions are derived for obtaining the minimum
distortion at low and high frequencies. The
application of these conditions to the design of
amplifiers is then discussed, and amplifying stages
without as well as with various correcting circuits
for low and high frequencies are considered.
1005. AMPLIFIER RESPONSE TO SQUARE WAVES.-

R. K. Crooks. (Proc. I.R.E., March 1941,
Vol. 29, No. 3, p. 142: summary only.)

1006. RELAXATION RESPONSE OF VIDEO AMPLI-
FIERS.-Huggins. (See 1102.)

1007. A STABILISED NEON -TUBE DIRECT -COUPLED
AMPLIFIER [with Degenerative Cathode Re-
sistor].-Huggins. (See 1147.)

1008. IN -PHASE AMPLIFIER : DESIGNING A NON -
PHASE -REVERSING STAGE [for Vision -Fre-
quency Amplifiers, Pulse Generators, etc.].-
R. C. Whitehead. (Wireless World, Feb.
1942, Vol. 48, No. 2, pp. 40-41.)

1009. A COMPARISON BETWEEN TWO SYSTEMS FOR
TWO-WAY HIGH -FREQUENCY AMPLIFICA-
TION [for Multi -Channel Carrier Telephony :
Comparison between Two Parallel Branches,
each with a One -Directional Amplifier, and
System with Common Amplifier connected
across the Two Branches].-E. V. Zelyakh.
(Elektrosvyaz [in Russian], No. 4, 1941,
pp. 67-76.)

TRANSMISSION

IoIo. A VELOCITY -MODULATED GENERATOR WITH
ONE CAVITY RESONATOR.-J. J. Muller &
E. Rostas. (E.T.Z., 23rd Oct. 1941, Vol. 62,
No. 42/43, pp. 871-872.) Another summary
of the paper dealt with in 406 of February.

I011. DEVICE FOR THE GENERATION OF ULTRA -
SHORT WAVES [Current of Air, carrying
Metallic Dust, led between Spark -Gap
Electrodes]. - F. Vilbig. (Hochf:tech. u.
Elek:akus., Nov. 1941, Vol. 58, No. 5,
p. 148.) D.R.P. 706 698.

1012. ARRANGEMENT FOR THE GENERATION OF
ULTRA -SHORT WAVES BY FREQUENCY -
MULTIPLICATION WITH ELECTRON-MULTI-
PLIERS.-W. Engbert. (Hochf:tech. u.
Elek:akus., Nov. 1941, Vol. 58, No. 5, p. 148.)
D.R.P. 706 66o, assigned to Telefunken.

1013. ON ULTRA -SHORT-WAVE QUARTZ CRYSTAL
VIBRATORS [e.g. 1.8 m Fundamental].-
Kamayachi & Watanabe. (See 1121 .)

1014. A II2-MC. EMERGENCY TRANSMITTER : A
CORRECTION, AND THE ANSWER TO A QUES-
TION [regarding Use of the Oscillator to
excite a Type 815, giving a Stabilised Master -
Oscillator Power -Amplifier Transmitter].-
G. Grammer. (QST, Jan. 1942, Vol. 26,
No. 1, p. 8.) See 681 of March.
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1015. AN INDUCTIVELY COUPLKD FREQUENCY
MODULATOR [Method of introducing Variable
Reactance by Inductive Coupling, without
Use of Phase -Shifting Circuits required by
Usual Reactance -Valve Methods : giving a
F.M. Oscillator with More Power Output &
able to operate on Higher Fundamental
Frequency].-B. E. Montgomery. (Proc.
I.R.E., Oct. 1941, Vol. 29, No. I°, pp. 559-
563.)

1016. A NEW FREQUENCY -MODULATION TRANS-
MITTER [with New Amplifier Circuit permit-
ting Simple Design & Economy in Valves].-
N. C. Olmstead & A. A. Skene. (Proc. I.R.E.,
April 1941, Vol. 29, No. 4, p. 226: short
summary only.)

1017. FACTORS ENCOUNTERED IN FREQUENCY-
MODULATED-SIDEBAND LIMITATION.-H. J.
Scott & L. J. Black. (Proc. I.R.E., June
1941, Vol. 29, No. 6, p. 359: summary only.)

1018. PHASE DISTORTION IN FREQUENCY -MODULA-
TION SYSTEMS [Development of Physical
Approach giving Simple Method of Solution].
-N. I. Korman. (Proc. I.R.E., April 1941,
Vol. 29, No. 4, p. 225: summary only.)

1019. MODULATION AND DEMODULATION METHOD
USING CONDENSERS OF PERIODICALLY VARY-
ING CAPACITANCE.-T. Tomituka. (Sci.
Abstracts, Sec. B, Nov. 1941, Vol. 44, No. 527,
p. 227 : reference only.)

1020. EXTENSION OF THE BARKHAUSEN SELF -
OSCILLATION FORMULA.-Y. Ito. (Hochf:

i tech. u. Elek:akus., Nov. 1941, Vol. 58, No. 5,
pp. 124-126.)

An extract from a series of researches at the
Japanese Naval Research Establishment, started in
1929. For the investigation of the generation of
oscillations it is customary to use differential
equations, but on the assumption that an oscillation
is actually present the Barkhausen formula o =
- R + D + 1/S 91a can be employed, not only to
give the condition for the existence of oscillations
but also to give a clear idea concerning building -up
and decay, so long as the oscillations are sinusoidal.
The simplicity of the formula allows a good insight
into the phenomena to be obtained. For non-

i1 sinusoidal oscillations it can be taken to apply
only to the fundamental, and here its four constants

tt are more or less influenced by the harmonics.o,
T The formula is ordinarily used for the excitation

of a triode, but the writer applies it to various
4 other types of circuit by altering the significance

of the four constants. Thus the unchanged formula
applies to the " anode-dynatron " (as the writer
calls the ordinary dynatron, to distinguish it from
the special " grid-dynatron " circuit dealt with in
1931 Abstracts, p. 386 and back reference) by
altering the definition of the back -coupling factor St
and making S, previously the triode slope, stand
for the dynatron " durchgriff," while D, previously
the triode " durchgriff," represents the dynatron
slope. " A similar equation can be derived for the
grid-dynatron " [loc. cit.]. The above are all exam-
ples of " parallel " oscillation : for " series "
oscillation, as in an arc or in a buzzer or hummer
circuit, the general formula is K = D91 + iis.
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" Very interesting is the application of the
Barkhausen formula to the problem of the genera-
tion of polyphase oscillations [3513 of 1938]. Here
again one must distinguish between parallel and
series connections. Fig. 3 [ring oscillator] shows a
general circuit for the generation of [polyphase]
parallel oscillations with triodes. For a symmet-
rical arrangement a general equation (4) is ob-
tained " : this is in the form of the Barkhausen
formula, and reduces to eqns. 5, 6 and 7 for single-
phase, two-phase (parallel and series), and three-
phase (parallel, right -rotating, and left -rotating)
oscillations respectively. Eqn. 4 can also be
applied to the multi -slit magnetron (467 of 1939
see also 3162 of 1938) and to series -oscillations with
gas -filled valves ; and it can be extended to cover
the " electron -dance " type (" B -K " oscillations :
see, for example, Moller, 1930 Abstracts, pp. 627-
628).

1021. THE TRANSMITTER AMPLIFIER WITH COMPLEX
EXTERNAL RESISTANCE.-H. Rothe. (Hochf:
tech. u. Elek:akus., Nov. 1941, Vol. 58,
No. 5, pp. 139-141.)

For previous work see 1918 & 3111 of 1939 and
3053 of 1941. " The calculation of the power which
an amplifier valve can deliver to an external resist-
ance is directly possible if the accompanying
modulation of the valve characteristic field can be
determined. In the following pages we will consider
the modulation relations of a transmitter amplifier
whose anode circuit contains an oscillatory circuit
consisting of a parallel connection of L, C, and RD,
and therefore representing an appreciable resistance
only for a frequency band lying on both sides of the
resonance frequency wt.. If the control grid is
supplied with a sinusoidal voltage whose frequency
w nearly coincides with the resonance frequency
car, the anode alternating voltage will also be purely
sinusoidal, since the resonance circuit represents
a practical short-circuit for any harmonics which
occur. With the help of this special condition
it is possible to determine the modulation of the
characteristic field not only for the case of resonance,
when the frequency of the grid alternating voltage
agrees with but also when this frequency is
departed from. The power derivable from the valve
is then of practical importance for all transmitters,
but especially for television transmitters, in which
very wide frequency bands have to be transmitted."

The idealised case of a linear characteristic field
is first considered : the anode-current/anode-
voltage characteristics are taken as parallel and
equidistant straight lines. On a first assumption
that the modulation of the characteristic field con-
sists in an anode current flowing throughout a
whole alternating period (current -flow angle 0 =
1801, eqns. 4 and 5 are obtained, respectively, for
the amplitude ua of the anode alternating voltage
and for the a.c. power delivered to the resonance
circuit. The magnitude of cos 240', and therefore
of the power, decreases with increasing detuning
from resonance, but to a smaller extent the smaller
the ratio RJR, : this is the well-known influence
of " pseudo -damping " by the internal resistance
of the valve. If, on the other hand, the anode
current is assumed to flow during a part only of the
period, the amplitude ua of the anode alternating
voltage is then given by eqn. 7, involving 0 as well
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as cos 0'. 0 can be obtained from the operating
data with the help of eqn. 8, but since this also
involves the still unknown ua the calculation can
only be carried out by a step-by-step approxima-
tion. For screen -grid valves, however, particularly
pentodes, the anode retroaction ua/ix and the other
term (anode d.c. voltage divided by ,u) can in
general be neglected, so that eqn. 8 for 0 no longer
involves the unknown ua, and the calculation can
be made directly without step-by-step approxima-
tion : in the above, µ is the amplification factor
between anode and control grid.

But the characteristics of actual valves differ
very considerably from the parallel straight lines
assumed above, and to obtain a more exact value
for the available output the modulation character-
istic must be constructed graphically on the actual
characteristic field. The procedure is described in
section 2 : with practice it can be carried out quite
quickly, and the three diagrams of Fig. I show the
results for a pentode, the resonance resistance being
chosen at 3 kilohms. Thus the bottom diagram
shows the anode-voltage/grid-voltage field, with 5
modulation curves superposed, each with a different
relative detuning v/d (tan s6) ranging from o to 1.73 :

these curves are true ellipses, whereas in the diagram
above this (anode-voltage/anode-current field) they
are distorted ellipses. The table at the end of the
paper gives the anode alternating voltages ua, and
the delivered powers, determined from these curves,
for these five values of detuning. For zero detuning
the output is 32 watts, rising to 33 for a detuning
of 0.268 because the fundamental wave correspond-
ing to the asymmetrical current in Fig. 2 increases,
while cos 0' is still practically equal to unity. As
the detuning is increased to 0.577 (0=3o°) and
beyond, the fundamental continues to increase
because of the increase in the anode peak current,
but the power decreases (to 29 watts and on down
to 13 watts) because of the decrease in cos' 0'. The
above increase of the anode peak current with
increasing detuning is the more pronounced, the
smaller the internal resistance Ri of the valve :
consequently the half -value width of the amplifier
resonance curve is the greater, the smaller Ri is.
This increase of the peak current, and also of the
fundamental -wave amplitude, with increasing de -
tuning furnishes a clear interpretation of this so-
called pseudo -damping effect.

RECEPTION
1022. INTERMEDIATE -FREQUENCY VALUES FOR FRE-

QUENCY - MODULATED - WAVE RECEIVERS
[Types of Spurious Responses to which F.M.
Receivers are Liable : Influence of I.F. on
Spurious Responses, and on Selectivity (No
Influence if Q is proportioned to the I.F.
employed) & Stability].-D. E. Foster &
J. A. Rankin. (Proc. I.R.E., Oct. 1941,
Vol. 29, No. 1o, pp. 546-551.)

" For receivers designed to operate on weak
signals, where spurious responses are unlikely, a
relatively low i.f. of 4.3 or 5.38 Mc/s is preferable.
However, for a considerable part of the service
area, where signal intensities are high and spurious
responses likely, high sensitivity is not required and
an i.f. of 8.26 or even 11.45 Mc/s has much to

recommend it. Where a receiver is designed to
operate over a wide range of signal intensities, it
may be preferable to use a relatively high i.f. value
to minimise spurious responses, ,using impedance
distribution or neutralisation principles, and if
necessary an additional stage to obtain the required
high gain with stability."
1023. PROBLEMS ENCOUNTERED IN FREQUENCY -

MODULATION RECEIVER DESIGN, and RE-
CEPTION OF FREQUENCY -MODULATION SIG-
NALS.-J. D. Reid : J. M. Pettit. (Proc.
I.R.E., May 1941, Vol. 29, No. 5, p. 284:
p. 288: summaries only.)

1024 FACTORY ALIGNMENT EQUIPMENT FOR FRE-
QUENCY -MODULATION RECEIVERS [for Rapid
Alignment and Quantitative Check on Sensi-
tivity & Fidelity].-H. E. Rice. (Proc.
I.R.E., Oct. 1941, Vol. 29, No. To, pp. 551-
554.) From the Stromberg-Carlson Com-
pany.

1025. RECEIVERS FOR I I2 -MC. EMERGENCY WORK :
SUPER -REGENERATIVE AND SUPERHETERO-
DYNE RECEIVERS WITH STANDARD TUBES.-
B. Goodman. (QST, Jan. 1942, Vol. 26,
No. 1, pp. 18-25 and 8o, 82.)

1026. SUPER -REGENERATIVE RECEIVER FOR ULTRA -
SHORT WAVES [Receiving Aerial, or Its
Reflector, periodically Detuned by (e.g.)
a Condenser -Microphone Arrangement : Re-
ceiving Valve thus made to swing about
Oscillation Threshold].-D. K. Fritz. (Hochf:
tech. u. Elek:akus., Nov. 1941, Vol. 58, No. 5,
p. 150.) D.R.P. 705 319, assigned to Tele-
funken.

1027. MODULATION AND DEMODULATION METHOD
USING CONDENSERS OF PERIODICALLY VARY-
ING CAPACITANCE.-T. Tomituka. (Sci.
Abstracts, Sec. B, Nov. 1941, Vol. 44, No.
527, p. 227 : reference only.)

1028. THE FILTERING ACTION IN THE RECTIFICA-
TION OF AMPLITUDE -MODULATED CARRIERS
[in Wireless or Wire Broadcasting Recep-
tion].-E. Buchmann. (T.F.T., April 1941,
Vol. 3o, No. 4, pp. 116-118.)

The great increase in the selectivity of a filter
when it is combined with a rectifier has long been
known and has often been dealt with in the literature
(the few references given range from Aiken in 1931
to Moebes, 997 of 1940), but the calculations have
been rather complicated and not very illuminating.
" The present paper gives a clear treatment which
is accurate to a good approximation."

Author's summary :-" In the demodulation of
a carrier which is filtered out from a number of
carriers, the rectifier has an effect which con-
siderably raises the selectivity. If, for instance,
the wanted carrier bears to the unwanted carrier a
ratio whose logarithm is b, the logarithm of the 
ratio of the wanted modulation to the unwanted
modulation, after rectification, is about twice as
great, on the assumption that b is greater than 2
nepers. The exact value depends on the form of
the rectifier characteristic. With a square -law
rectifier, for instance, the attenuation is just twice
as large ; with linear rectification the doubled
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attenuation has a supplement of 0.7 neper. These
calculations were confirmed by measurements
[including some on a " People's " receiver with
wire -broadcasting unit], and practical use has been
made of them for the design of filters."

1029. SPURIOUS SIGNALS [Experiences with Two
Crystal Receivers on Separate but Adjacent
Aerials : Two -Way Conversation by speak-
ing into Telephones, when Both Sets are
receiving Carrier Wave from Near -By
Station].-A. E. Burns : A. F. Eastman &
L. F. C. Horle. (Proc. I.R.E., April 1941,
Vol. 29, No. 4, p. 23o.) Prompted by the
paper dealt with in 692 of 1941.

1030. SENSITIVITY IN VISUAL RECEPTION AND
INSTRUMENT OBSERVATION. - K. FrAnz.
(Hochf:tech u. Elek:akus., Oct. 1941, Vol. 58,
No. 4, pp. 95-99.)

In his summary the writer begins : " The ratio
of signal voltage to noise voltage, as usually
measured, forms no useful quantitative measure of
the readability of signals in recorded or instrument -
observation reception. For the interference does
not depend on the mean pointer -deflection, corres-
ponding to the average noise, on which the usual
measurements are based : it depends on the pointer
fluctuation, due to the noise, about its mean
position . . ."

The paper itself begins with more general con-
siderations. " As is well known, the unavoidable
noise of a receiver constitutes a lower limit for the
reception of weak signals. As a measure of the
readability of a signal the custom has been ex-
clusively to take the ratio of the mean values of
signal voltage plus noise voltage to noise voltage.
This ratio is easily measured, and undoubtedly
good reception is associated with a large quotient
and poorer reception with a small quotient. But
if it is desired to receive the same signal on two
different receivers, it can no longer be maintained
that the relation of signal voltage to noise voltage
is a quantitative measure of comparison, unless
the spectral distribution of the noise energy is the
same in the two receivers, so that the noise voltages
differ in their magnitudes, their effective values,
but in no other respect. This used often to be
the case in communication reception," where it was
common practice to fix the pass -band of all receivers
to the minimum compatible with the signal spec-
trum likely to be received. Now, however, it is
beComing a common practice to provide com-
mercial receivers with band widths which can be
varied between wide limits, and the question
arises how to compare the sensitivities of receivers
whose noises display pronounced differences in
spectral distribution. Tests on the readability
of signals through atmospheric noises (Dannehl
& Kotowski, 2678 of 1938) and on intelligibility
(Fletcher, 2398 of 1938) have already shown that
these values depend on the receiver band width in
a way different from that in which the effective
noise value depends. " In the present work we
will deal with the relations obtaining in recorded
reception and in instrument observation, where
these relations depend very little on physiological
effects and are therefore calculable."
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" That the average deflection of the pointer by
the noise has nothing to do with the sensitivity is
most obviously seen in the target -flight (homing)
receiver, where the noise deflects the pointer with
equal probability to left and right, so that however
great the noise may be the mean deflection remains
zero. When Morse signals are being received the
mean deflection due to noise can be allowed for by
a zero shift of the scale. What do cause trouble
are the pointer fluctuations about its middle
position. We shall therefore regard the mean
fluctuation of the pointer, T, produced by the
noise, as a quantitative measure of the interference :
it is defined by eqn. r, where x (t) represents the
deflection at time t. If x (t) were a current,

would be its d.c. component and x the effective
value of the a.c. component. We must now
calculate this mean fluctuation : the same problem
has already presented itself in another connection in
acoustics. Thiede [2690 of 1936] has shown,
theoretically and experimentally, that the mean
relative fluctuation of the output of a quadratic
rectifier is inversely proportional to the square root
of the band width of the preceding amplifier," and
this result applies to the present case of a square -law
indicating instrument : see the last two columns of
the paper (where, incidentally, two numerical
errors in Thiede's paper are mentioned). The
present writer reaches the result by a different line
of argument, and confirms it by a second treatment
making use of the energy -spectrum triangular
diagram of Fig. 2. For an instrument showing the
actual value (such as can be realised with a linear
rectifier) the case is little different (Fig. 3) : the
writer has already shown (3027 of 1941) that the
spectrum is again approximately triangular, but
that it changes only its base, and not its height, in
proportion to the amplifier band width. The
relative fluctuation is again inversely proportional
to the square root of the amplifier band width, but
the amount is only -half as large as with quadratic
rectification.

Instead of, as hitherto, attributing to the instru-
ment an approximate band width of its own, the
writer now develops a more exact treatment by
considering its actual pass curve, for the various
frequencies, corresponding to the time constants.
In the case of ZI,,8 r, the relative fluctuation
is given approximately by = 1 /-V26[1, : this
case must predominate in practice, since the time
constants of the instrument are often greater than
o.r second and the band widths greater than
ro c/s. For linear rectification 1. / 3 = 1/A/8841,,
(which conforms with the comparison at the end of
the preceding paragraph).

The corresponding approximate formulae for the
absolute fluctuations, eqns. 4 and 6, show that for
a quadratic rectifier a change in band width zl
produces a change of absolute fluctuation directly
proportional to the square root of 41, since the
square of the input voltage, is proportional to .t1 :

while for a linear rectifier the absolute fluctuation
does not depend at all on the band width. Thus
with a linear rectifier nothing is gained in sensitivity
by narrowing the band width so long as the latter
is still large in comparison with the reciprocal of
the time constant ; while with a square -law
rectifier, under the same limitation, for constant
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readability of signals the signal carrier should be
reduced only in proportion to the fourth root of
the band width, since the d.c. produced by the signal
is proportional to the square of the carrier voltage.

The writer continues : " The qualitative correct-
ness of the formulae can easily be shown experi-
mentally with a logarithmic Neumann recorder
[cf. Grosskopf 8c= Vogt, 2046 of 1941] which on
account of its logarithmic characteristic records the
relative fluctuation of the receiver output. Fig. 4
shows the noise of an ordinary receiver, for band
widths ZI = 10 kc/s and A, = zoo c/s. The mean
noise level has decreased to a seventh to correspond
to the [fifty -fold] reduction in band width, while
the relative fluctuation has increased on the same
grounds. To show that there was no question of
over -control, the volume control was adjusted so
that with the large band width the same average
output was obtained as with the narrow band
width. Further, Fig. 5 gives the records of a
signal with a ratio of 2 : I for the quotient mean -
signal -plus -noise voltage by noise voltage, for the
same two large and small band widths. For the
large band width the readability is considerably
better, though it is true that the signal voltage
required to produce the constant signal/noise ratio
was seven times larger."

1031. THE FULL -WAVE VOLTAGE -DOUBLING RECTI-
FIER CIRCUIT [for Small Receivers, etc.].
-Waidelich. (See 998.)

1032. INTERMEDIATE -FREQUENCY TRANSFORMER
DESIGN AND CONSTRUCTION.-F. J. Frater.
(Proc. .R.E., May 1941, Vol. 29, No. 5,
pp. 288-289: summary only.)

1033. ANOTHER VIEWPOINT AND THE NMISE OF
VALVE OSCILLATORS [contributing to the
Noise from First Converter Valve].-Seki.
(See 1067.)

1034. CURING INSTABILITY : CAUSES OF UNWANTED
OSCILLATION IN BROADCAST RECEIVERS.-
J. Gibbons. (Wireless World, Feb. 1942,
Vol. 48, No. 2, pp. 48-49.)

1035. THE DESIGN AND EXPERIMENTAL VERIFICA-
TION OF AUTOMATIC FREQUENCY CONTROL.
-N. I. Chistyakov. (Elektrosvyaz [in
Russian], No. 4, 1941, pp. 23-32.)

The automatic frequency control of the beating
oscillator in a receiver is discussed. The type con-
sidered is that in which the anode circuit of the
regulator valve is connected in parallel with the
tuned circuit of the oscillator (Fig. I). The opera-
tion of the regulator is discussed and experimental
curves confirming the discussion are given. The
discriminator is of the type using two inductively
coupled tuned circuits (Fig. 5), and in view of a
previous investigation by the author (126 of 1939)
the discussion in the present paper is limited to the
effect of de -tuning the two circuits. Experimental
curves are given. The operation of the system as a
whole is then discussed and illustrated by experi-
mental curves. The maximum permissible fre-
quency deviation is established, and suggestions are
made regarding design procedure.
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1036. SHORT-WAVE SPREAD -BAND RECEIVER CIR-
CUITS.-D. E. Foster & G. Mountjoy. (Proc.
I .R.E., April 1941, Vol. 29, No. 4, pp. 223-
224 : short summary only.)

1037. NEW CONSTRUCTIONAL IDEAS IN THE NEW
GERMAN RECEIVERS FOR EXPORT, 1941/42.
-R. Wigand. (Helios [Leipzig], 12th Oct.
1941, Vol. 47, No. 41, Supp. pp. 1295-1297 :
in German.)

Improvement by diagonal position of h.f. iron
screen : improved fixing of h.f. iron cores and con-
densers : midget receiver design : etc. See also
pp. 1297-131o.

AERIALS AND AERIAL SYSTEMS
1038. THE THEORY OF CONICAL ELECTROMAGNETIC

HORNS [Equations of Possible Waves inside
Horn and of Radiated Waves from It].-
S. Sonada. (Electrotech. Journ. [Tokyo], Jan.
1941, Vol. 5, No. I, p. 16.) For the writer's
previous work see 4275 of 1939 and 1745,
1886, & 3833 of 1940.

1039. ABNORMAL RADIATION OF ELECTRIC WAVES
[4.1. Cm] FROM PARALLEL -WIRE CIRCUIT
[Length of Pair rather greater than A/2,
Spacing 1.5 cm, Far End Closed : Max. .

Radiation (and Electric Vector) in Direction
Perpendicular to Plane of Wires : " Coil -
Antenna Type " Radiation (in Plane contain-
ing Wires) Too Small to be Detected].-
K. Okabe, M. Hishida, & K. Mori. (Electro-
tech. Journ. [Tokyo], Dec. 1940, Vol. 4.,
No. 12, pp. 274-275) " In the case of open
terminal, the results were different."

1040. HEAT -TREATED TELEVISION [Picture -Wave(''
Aerial enclosed in Electrically Heated Box
with Sound -Wave Aerial on Top (and
Reflector Rod serving also as Lightning'
Conductor to protect Tower & Relay Equip-
ment) : for relaying from Schenectady to
Helderberg Station].-(Gen. Elec. Review, i.
Dec. 1941, Vol. 44, No. 12, p. 696.)

1041. A TURNSTILE ANTENNA FOR ULTRA -HIGH- j
BROADCASTING.-G. H. Brownll

& J. Epstein. (Proc. I .R.E., April 1941,
Vol. 29, No. 4, p. 221 : summary only.)
Developed from the original " turnstile "
(2595 of 1936), for greater suitability for
service on the top of high structures. '

1042. ULTRA -HIGH -FREQUENCY LOOP ANTENNAS.
FOR FREQUENCY -MODULATION BROADCAST-
ING.-A. Alford, A. G. Kandoian, & R. A.
Hampshire. (Proc. I .R.E., April 1941, Vol.
29, No. 4, pp. 220-221 : summary only.),
For previous work see 3011 of 1940.

1043. ULTRA -HIGH -FREQUENCY ANTENNAS AND
LINES [developed for C.A.A. for Instrumen
Landing : chiefly Miniature Type : including
Crossed Half -Wave Dipoles for Intense High
Angle Radiation].-A. Alford. (Proc.I.R.E.
May 1941, Vol. 29, No. 5, pp. 283-284:
summary only.)
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1044. ANTENNAS FOR THE CIVIL AERONAUTICS
AUTHORITY TRANSOCEANIC COMMUNICATION
SYSTEMS.-S. Pickles. (Proc. I.R.E., March
1941, Vol. 29, No. 3, p. 142 : summary only.)

1045. IMPEDANCE MEASUREMENTS ON AIRCRAFT
AERIALS [by R. F. Bridge & by Bridged -T
Measuring Set, as contrasted to Usual Sub-
stitution Method].-F. Ireland & P. Holmes.
(Proc. I.R.E., June 1941, Vol. 29, No. 6,
p. 358: short summary only.)

1046. A DEVICE FOR THE DIRECT MEASUREMENT OF
THE TRAVELLING -WAVE COEFFICIENT IN
FEEDERS.-A. A. Pistol'kors & M. S. Ney-
man. (Elektrosvyaz [in Russian], No. 4,
1941, PP. 9-15.)

In an h.f. feeder, the coefficient k serves as a
measure of the deviation from pure travelling -wave
operation. It is equal to (1 -p)/(i ±p), where p is
the reflection coefficient determining the ratio of
the reflected and direct waves. The measurement
of k can therefore be reduced to the measurement
of p, and the apparatus used for this purpose must
respond to electromagnetic waves propagating in
its vicinity, and discriminate between the two waves.
It is shown that a loop formed by two parallel con-
ductors of length 1, loaded by resistances R, and R2
at the ends (Fig. 2),satisfies these conditions ; that
is, if it is placed alongside the feeder, and R, and
R2 are made equal to the characteristic impedance
of the transmission line formed by the conductors 1,
the currents (or voltages) induced in the resistances
will correspond respectively to the amplitudes of the
two waves. By picking up these currents and
feeding them to a logometer with a suitable scale
(Fig. 5), direct readings of k can be obtained. It is
shown that the operation of this apparatus, called
the " feeder reflectometer," is independent of the
power and length of the waves, and of the distribu-
tion of the nodes and antinodes in the feeder.
Moreover, experiments have shown that cables of
any length can be used for connecting the logo -
meter, and the apparatus is therefore suitable for
remote measurements.
1047. ON CHOOSING THE TYPE OF SHORT-WAVE

TRANSMITTING AERIAL . -L. A. Kopytin.
(Elektrosvyaz [in Russian], No. 4, '94',
pp. 6-8.)

For the previous correspondence see 441 of
February : also Elektrosvyaz, No. 3,1941, pp. 73-74.
Concluding this discussion, the standpoint of the
Commissariat of Communications is expounded
briefly as follows :-Insufficient information is as
yet available on the operation of dipole and rhombic
aerials under working conditions. The waveband
of a rhombic aerial should not be unduly extended
and several aerials with overlapping wavebands
should preferably be used. The erection of multi -
dipole aerials with 48 + 48 or more dipoles should be
continued where greater gain is required. Until
sufficient information is accumulated great care
should be exercised in replacing the existing multi -
dipole aerials by the rhombic type.
1048. DISCUSSION ON " RADIATION FROM RHOMBIC

ANTENNAS " [Equation for Gain requires a
Correction Factor which is " by No Means
Negligible " : Implications of This Result :
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an Equation for Radiation Resistance of
Rhombic Aerial in Free Space, with Simple
Practical Approximate Formula].-D.
Foster : L. Lewin. (Proc. I.R.E., Sept.
1941, Vol. 29, No. 9, p. 523.) For Foster's
paper see 119 of 1938.

I 049 . THEORY OF ANTENNAS OF ARBITRARY SIZE
AND SHAPE [starting with Maxwell's Equa-
tions and assuming Conical Conductors].-
S. A. Schelkunoff. (Proc. I.R.E., Sept.
1941, Vol. 29, No. 9, pp. 493-521.)

" Finally, our method turns out to be consistent
with a physical picture which is rather attractive
to the engineer. Let us suppose that a wire is
energised at the centre. A spherical wave emerging
from the generator is guided by the antenna until
it reaches the limit of the antenna region,' that
is, the sphere passing through the ends of the
antenna ; there, some of the energy passes into the
outer space and some is reflected back, a situation
existing when one transmission line is joined to
another. We may also think of the wire as the
wall of an electric horn with an aperture so wide
that one can hardly see the horn itself. In fact,
the mathematical analysis used by us is precisely
the analysis appropriate to wave guides and electric
horns. We end up with a picture of the antenna
as a transmission line (Fig. 2) whose output im-
pedance Z, represents the end effect. The real
part Rt of Zt represents radiation and should pro-
perly be called the ' radiation resistance ' ; it is
the resistance of the outer space as seen from the
ends of the antenna. Unfortunately, this name has
been generally given to a quantity which turns
out to be equal to K2/Rt." For corrections see
issue for November, No. II, p. 603.

I050. ANTENNA PROBLEMS [Summaries of Papers
in Special Issue of Telefunken-Mitteilungen,
No. 83, Vol. 2 I , I 940] .-W. Moser, W.
Berndt, H. Briickmann, K. Schlayer, K.
Franz, & W. Jachnow. (E.T.Z., 13th
March 1941, Vol. 62, No. II, pp. 296-297.)

Berndt deals with the possibilities of improving
anti -fading vertical aerials : a high characteristic
impedance, a low radiation resistance, and a small
distance from top of aerial to current node are
desirable. A special circular array around a central
radiator is also discussed (cf. 139 of 1939). Brack-
mann gives a calculation technique for " aerials,
particularly self -oscillating masts," which is com-
paratively simple and which in spite of many
approximations gives results, for aerials whose
thickness compared with height is appreciable,
which are in good agreement with practical results:
the method is based on line theory extended for
the purpose. The influence of the design of the top
and footing of the mast, of its mechanical construc-
tion, etc., is examined, and a mathematical appendix
deals with natural and resonance waves. Schlayer
considers directive systems for broadcast waves,
particularly those with two vertical radiators, the
second either fed or radiation -coupled. Numerous
tables and curves are given, and various practical
conclusions are reached. Franz's paper on the
improvement of transmission efficiency by the use
of directive arrays was dealt with in 2699 of 1941.
Jachnow's paper on the theory of long-wire trans-



WIRELESS
ENGINEER

mitting aerials, particularly with progressive waves,
includes a comparison of the rhombus aerial with
the fir -tree type : it appears to cover much the
same ground as the papers dealt with in 585 of
1940 and 2407 of 1941.
1051. THE RELATIONSHIP BETWEEN THE DIREC-

TIONAL CHARACTERISTIC OF A LINEAR CON-
DUCTOR AND THE DISTRIBUTION OF THE
CURRENT IN IT.-I. I. Vol'man. (Elek-
trosvyaz [in Russian], No. 4, 1941, pp.
46-54.)

A vertical radiator of a given height (Fig. I)
is considered : it is required to determine the
phases and amplitudes of the current in it necessary
for producing a specified directional characteristic.
Reference is made to the methods proposed by
Wolff (2963 of 1937) and Pistol'kors (2766 and 3563
of 1939) and it is pointed out that in using these
methods the height of the radiator cannot be fixed
in advance. It is, therefore, suggested that use
should be made of the integral equation (1) derived
by Ramm (Scientific -Technical Symposium on
Elec. Communications, No. 3, 1937) in which the
required relationship is given. Methods are indi-
cated for solving the equation and the solution
obtained is verified in the case of a half -wave
dipole. A complete identity is obtained between
the known current distribution in the dipole and
that derived by the methods proposed.
1052. OPTIMUM CURRENT DISTRIBUTIONS ON VERTI-

CAL ANTENNAS.-L. La Paz & G. A. Miller.
(Proc. I.R.E., April 1941, Vol. 29, No. 4,
p. 225: long summary.)

1053. THE DETERMINATION OF FIELD -STRENGTH
PATTERNS OF ANTENNA SYSTEMS BY
GRAPHICAL METHODS [and Their Advantages
over Analytical Methods].-E. A. Yunker.
(Proc. I.R.E., June 1941, Vol. 29, No. 6,
p. 36o : summary only.)

1054. A MECHANICAL CALCULATOR FOR DIREC-
TIONAL ANTENNA PATTERNS, and HORI-
ZONTAL -POLAR -PATTERN CALCULATOR FOR
DIRECTIONAL BROADCAST ANTENNAS. -
W. G. Hutton : F. A. Everest & W. A.
Pritchett. (Proc. I.R.E., April 1941, Vol. 29,
No. 4, p. 224: June 1941, No. 6, pp. 355-
356: summaries only.)

1055. BROADCAST ANTENNA MEASUREMENTS.-
B. Akerman. (Proc. I.R.E., Aug. 1941,
Vol. 29, No. 8, p. 47o : summary only.)

1056. THE ERECTION OF POLES FOR OVERHEAD
LINES IN REGIONS WHERE THE SUBSOIL IS
PERMANENTLY FROZEN.-E. L. Kretovich.
(Elektrosvyaz [in Russian], No. 3, 1941,
pp. 71-72.)

1057. DISCUSSION ON " PRACTICAL ASPECTS OF
EARTHING Fawssett & others. (J0201.
I.E.E., Dec. 1941, Vol. 88, Part II, No. 6,
pp. 600-6o8.) See 765 of 1941.

VALVES AND THERMIONICS
1058. LOCK -1N TUBES FOR THE ULTRA -HIGH

FREQUENCIES : NEW SPECIAL TUBES FOR
THE RANGE ABOVE 200 MC/S [Types 12010
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I203, I204, 1291, & 1293] .-Hygrade
Sylvania. (QST, Jan. 1942, Vol. 26, No. 1,
pp. 17 and 54, 56.) Also the 7W7 pentode,
as amplifier up to 200 Mc; s, and higher '
as mixer.

1050. HIGH -FREQUENCY TUBE PHENOMENA [and
the Proper Design of U.H.F. Valves :
Advantages of the " Lock -In " Type : etc.].
-M. A. Acheson. (Proc. I.R.E., Aug. 1941,
Vol. 29, No. 8, p. 472 : summary only.)
From the Hygrade-Sylvania laboratories.

1060. NEW SMALL ULTRA -HIGH -FREQUENCY RE-
CEIVING TUBES, and THE DESIGN AND
DEVELOPMENT OF THREE NEW ULTRA-
HIGH -FREQUENCY TRANSM ITTING TUBES
[RCA -815, 826, & 829].-L. B. Curtis :
C. E. Haller. (Proc. I.R.E., April 1941,
Vol. 29, No. 4, p. 222: p. 224: summaries
only.)

lo61. THREE NEW ULTRA - HIGH - FREQUENCY
TRIODES [Types GL -8002 (& 8002-R with
Fin Cooler), GL -889 (& 889-R), and GL -884
(with Re-entrant Anode to reduce Lead
Length)].-K. C. DeWalt. (Proc. I.R.E.,
Sept. 1941, Vol. 29, No. 9, pp. 475-480.)
Plate dissipations range from 1.2 to zo kw.

1062. THEORY OF RADIAL DIRECT -CURRENT SPACE -
CHARGE FLOW BETWEEN CONCENTRIC
CYLINDERS [and Simple Form of Equations
by using Special Parameter measuring
Transit Time].-W. G. Dow & A. B. ;Bron-
well. (Proc. I.R.E., April 1941, Vol. 29,t
No. 4, p. 223: summary only.)

1063. VOLTAGE -CONTROLLED ELECTRON MULTI-
PLIERS, and THE BEHAVIOUR OF ELECTRO-
STATIC ELECTRON MULTIPLIERS AS A FUNC-
TION OF FREQUENCY.-B. J. Thompson :
L. Malter. (Proc. I.R.E., Nov. 1941, Vol. 29,.
No. II, p. 583-587 : pp. 587-598.) Sum-
maries were dealt with in 1899 & 1900 of
1941

1064. THE ORBITAL -BEAM SECONDARY -ELECTRON
MULTIPLIER FOR ULTRA -HIGH -FREQUENCY
AMPLIFICATION.-H. M. Wagner & W. R..,
Ferris. (Proc. I.R.E., Nov. 1941, Vol. 29,
No. II, pp. 598-602.) Already dealt with
in 446 of February.

I065. SECONDARY -EMISSION OUTPUT FROM SILVER-

MAGNESIUM ALLOYS : PRELIMINARY COM-
MUNICATION.-J. Friedheim & J. G. Weiss.
(Naturwiss., 26th Dec. 1941, Vol. 29, No. 52,
11 777-)

" Prompted by the information reported in the.
Italian patent No. 372 631 on the secondary -
emission output of films of silver -magnesium alloy,
[cf. also Zworykin & others, 3346 of 1941], the
writers have investigated silver -magnesium alloys
having various proportions of the components and
subjected to various pre -treatments. The alloys
were melted either in a protecting gas (argon)
or in a furnace under potassium or sodium chloride.
It was found that an alloy of 3% magnesium andp
97% silver could under certain conditions be made
to yield extremely high outputs, up to a factor of 16
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while ,alloys of other proportions also gave good
outputs. The alloys were rolled out in the cold to
plates about 0.2 mm thick, which after their

' surfaces had been scraped were introduced into the
experimental tube. They were then heated to
about 450°, on which the vacuum temporarily
deteriorated to 7 x io-5mm from its stationary
value (measured by an ionisation manometer)
of I X ro-6mm. After about 3o minutes of heating
the output rose from S = about 2 to Srnas = 14-16,
for a primary -electron energy of 500 volts. The
measured__ values remained generally constant
during a three -hours' loading. Fig. r [with a
maximum at 500 v] shows an example of an output
curve obtained from measurements with a testing
tube in which special precautions were observed to
prevent the hot cathode from having any influence
on the bombarded electrode. So far no evidence
has been found of any inertia suggesting the
presence of a Malter effect."

1066. THE TRANSMITTER AMPLIFIER WITH COMPLEX
EXTERNAL RESISTANCE [with Special Appli-
cation to Wide -Band Television Trans-
mittersl.-Rothe. (See 102 I .)

1067. ANOTHER VIEWPOINT AND THE NOISE OF
VALVE OSCILLATORS.-H. Seki. (Electrotech.
Journ. [Tokyo], Jan. 1941, Vol. 5, No. 1,
pp. 18-19.)

" There are some cases where the noise from the
first converter tube becomes important, e.g: in
field -strength measuring sets. This noise is partly
due to the converter tube and partly to the
oscillator tube, the latter not being known till
now."

Valve oscillations are not free oscillations but
forced oscillations represented by an equation such
as of (x) o. Noise current will al-
ways exist in an oscillator valve except for an
instant before it reaches a steady-state condition,
passing through the point of zero damping constant.
No oscillations can exist near the immediate
frequency of the fundamental. Calculation of
thermal and shot noise in the oscillator circuit.

1068. A METHOD FOR CALCULATING THE PER-
FORMANCE OF SELF -BIASED PLATE -MODU-
LATED AMPLIFIERS, and A MECHANICAL
DEVICE TO AID IN THE CALCULATION OF
CLASS B AND C POWER -TUBE PERFORMANCE.
-R. I. Sarbacher. (Proc. I.R.E., June
1941, Vol. 29, No. 6, pp. 358-359 : p. 359
summaries only.)

1069. THE SELECTION OF TRANSMITTING TUBES,
and THE SELECTION OF MODULATOR TUBES
[Desirability of Reduction in Number of
Types : with Five Suitably Selected Types,
Efficient & Economical Transmitters be-
tween 25 & 4000 W can be designed].-
P. J. Arnaud. (Proc. I.R.E., Sept. 1941,
Vol. 29, No. 9, p. 525 : p. 525 : summaries
only.)

1070. THE EFFECTS OF CONTACT POTENTIALS ON
THE CHARACTERISTICS OF VACUUM TUBES.-
G. D. O'Neill. (Proc. I.R.E., April 1941,
Vol. 29, No. 4, p. 226: May 1941, No. 5,
p. 286 : summaries only.)

1071. ANISOTROPY OF THE ELECTRONIC WORK
FUNCTION OF METALS [Observed Differences
of S for Different Crystal Faces explained
on Basis of Wigner-Bardeen Picture (Work
Function as Sum of Volume & Double -
Layer Contributions) : Good Agreement
with Experimental Results].-R. Smolu-
chowski. (Phys. Review, ist Nov. 1941,
Vol. 6o, No. 9, pp. 661-674.) See 3038 of
1936 & back reference, and 2712 of 1941.

1072. STRESS DISTRIBUTIONS IN METAL -SEALED
GL ASSES . -M. Kanno. (Electrotech. fours!.
[Tokyo], Nov. 1940, Vol. 4, No. II, pp. 258-
259.)

1073. GRAPHICAL REPRESENTATION FOR A CONDI-
TION TO SELECT A STEM GLASS [SO that
Stress Conditions shall be Suitable for
Metal/Glass Seal to be used as Stein of
Valve].-M. Kanno. (Electrotech. Journ.
[Tokyo], Dec. 1940, Vol. 4, No. 12, p. 276.)

DIRECTIONAL WIRELESS

1074. GONIOMETER FOR SHORT AND ULTRA -SHORT
WAVES.-K. G. Holsten & W. Schatzel.
(Hockfstech. u. Elek:akus., Oct. 1941, Vol. 58,
No. 4, p. 104.)

A Lorenz patent, No. 704 176. For such wave-
lengths the field and exploring coils must be wound
with spaced turns. To give a continuous course of
the field during rotation, in spite of this, the turns
of one coil are inclined at an angle to those of the
other coil (Fig. 13).

1075. DEVELOPMENT OF AN ULTRA -HIGH -FRE-
QUENCY AURAL RADIO RANGE (for C.A.A.].-
J. C. Hromada. (Proc. I.R.E., June 194r,
Vol. 29, No. 6, p. 357 : summary only.)

" It is shown conclusively that a radio range
operating on 125 Mcs and using pure horizontal
polarisation is superior to any of the other u.h.f.
facilities previously developed."

1076. " AUTOMATIC " AIRCRAFT NAVIGATION : DUAL
DIRECTION FINDERS [Adoption in U.S.A.].-
C. A. A : McGillivray. (Wireless World,
Feb. 1942, Vol. 48, No. 2, p. 38.) Cf.
McGillivray, 1013 of 1939.

1077. THE RADIO SYSTEM OF A MODERN AIR
TRANSPORT, and AVIATION RADIO IN THE
UNITED STATES.-A. E. Abel & others :
P. J. Noizeux. (Proc. I.R.E., Sept. 1941,
Vol. 29, No. 9, p. 524: p. 525: summaries
only.) From the Bendix Radio Corporation
and Transradio Internacional.

1078. SENSITIVITY IN VISUAL RECEPTION AND
INSTRUMENT OBSERVATION [as in Target -
Flight Receivers].-Franz. (See 1030.)

1079. CONTROL OF NIGHT ERROR IN AIRPLANE
DIRECTION FINDING . -H. Busignies. (Proc.
I.R.E., April 1941, VOL 29, No. 4, p. 222:
summary only.) See also 3044 of 194o and
1911 of 1941, and io8o, below.
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1080. WIRELESS POSITION -FINDING BY THE PHASE -
MEASUREMENT METHOD [ Survey] .-E. Kra -
mar. (Hochf:tech. u. Elek:akus., Nov. 1941,
Vol. 58, No. 5, pp. 128-133.)

Fundamentally, all d.f. methods depend on one
of three processes : determination of the reception
minimum, comparison of amplitudes, or measure-
ment of phase. In contrast to the first two, the
last method is little known in Germany, although
other countries have worked in this field for a long
time. The writer therefore surveys the various
schemes suggested and developed, starting with the
direct -reading direction finder of Levy (1926) and
the Busignies " radio -compass," the latter in its
later development (see, for example, 1079, above)
coming into use in the French Air Force and in
various other countries. The great advantage of
such devices is that not merely instantaneous values
(minima, for instance) are made use of, as in rotating
frame systems with cathode-ray indication, but the
whole current -surface of the ground wave is utilised
in the phasemeter, so that interference has little
effect if the moving system is suitably designed
in size and damping. The disadvantage (particu-
larly for aircraft) is the mechanical one of a frame
revolving at 15 r.p.s. A " radio -compass " weighs
28 kg, of which 6.8 kg are taken up by the frame
with its drive and generator.

The obvious next step was, therefore, to transfer
the application of the principle to the transmitting
end, thus obtaining a rotating beacon system having
simple receiving apparatus on board the aircraft
and yet free from the limitations of rotating beacons
based on minimum -determinations or field -strength
comparisons : for these, even when direct -reading
and thus able to use high speeds of rotation, are
still inferior as regards interference to the phase -
measuring devices, whose continuous deflectiondepends on the comparison of current -surfaces.
As examples of these the writer takes the two
Swedish " Aga -Baltic -Radio " systems with fixed
crossed loops and a vertical aerial at the trans-
mitter, and a single aerial at the receiver. The firstof these systems (Figs. 4 & 5) transmits two h.f.
carriers, a rotating -field one and a pulsating -field
one : the second system (Figs. 7 & 6) does the same
job with a single h.f. carrier having two i.f. carriers
superposed on it. " It is not known whether the
firm Aga -Baltic ever developed this proposal " :
the priority date is 1931. The solution given by
Okada (reference " 7 " : " unluckily only inJapanese with a short English summary "-but
cf. 1003 of 1938) was very similar, but used Adcock
aerials for radiating the rotating field, and a thyra-
tron circuit for phase -measurement. The much
earlier patent of Electrical Research Products in
1929 is illustrated (as regards the transmitting end)in Fig. 9 : it depends on the separation of the twosidebands and the radiation of one from fixed
crossed loops and of the other from a vertical
aerial : the writer criticises this system as too
difficult from the receiving standpoint.

Finally, a U.S.A. patent of 1932 (Philpott) is
discussed (Figs. io & it : combination of two
crossed -loop systems with a common vertical
aerial : double phasemeter-" synchroscope "-
with pointers crossing on map of locality, to give
position) : a 1936 Standard Telephones & Cables

patent is mentioned, dealing with the rendering
useless, except to the " interested parties," of
phase -rotating -beacon signals, including u.s.w.
types : and an R.C.A. patent of 1938 is outlined,
in which a vertically polarised field is used for the
deflection of a cathode ray and a horizontally polar-
ised field for its brightness control. This arrange-
ment does, it is true, give a phase relation, but only
an instantaneous value of the horizontally polarised
oscillation is utilised, and the system must therefore
be excluded from the true phase -measuring class
(see above) : it is worth mentioning, however,
because the employment of the two polarisations
does offer possibilities.
Io81. THE PROPAGATION OF SURFACE WAVES OVER

STRATIFIED AND UNEVEN GROUND [including
Results applying to Direction Finding].-
Grosskopf. (See 964.)

1082. THE CARTOGRAPHIC SOLUTION OF GREAT
CIRCLE PROBLEMS.-A. J. Dilloway. (fount.
Roy. Aeron. Soc., Jan. 1942, Vol. 46, No. 373,
PP. 4-31.)

ACOUSTICS AND AUDIO -FREQUENCIES
1083. THE EMPLOYMENT OF DIFFERENT TYPES OF

MICROPHONE IN GERMAN BROADCASTING.-
W. Reichardt. (Hochf:tech. u. Elek:akus.,
Nov. 1941, Vol. 58, No. 5, pp. 136-139.)

Increasing use of directional microphones, partic-
ularly of the " kidney "-diagram type : reduced
use of the figure -of -eight type (even for face-to-face
dialogues the spherical -diagram type can replace it,
except when a loudspeaker has to be in the same
room, when the zero -reception line of the figure -of -
eight type is useful to avoid retroaction) : the latest
" kidney " condenser -microphone (Fig. 1) with
Cardan suspension and a switch for converting to
the spherical diagram : swivelling microphone with
parabolic reflector (8o cm diameter) for motor
races, march -past ceremonies, etc `: microphones t
for noisy surroundings, especially the hand instru-
ment (Fig. 3) with two piezoelectric cells spaced 1"4
8 cm and switched either in parallel with opposed
polarity, giving a pressure -gradient action suitable
for use in the spherical wave -field close to the
mouth (a hinged chin -rest is provided), or in series ti
so that the polarities are added, giving a pure
pressure -type microphone with spherical charac-
teristic : inconspicuous microphones for interviews,1
etc., such as the wristlet type of Fig. 4 and the 1;
buttonhole instrument (both piezoelectric) : the
" swan -neck " microphone. The objection to con-
denser and crystal microphones, that they have to
be kept close to the first amplifier stage, has led to
attempts to develop a satisfactory moving -coil
instrument which could have a low resistance and
could be connected to the amplifier by a twin lead
of length up to loo metres. It would be con-
siderably less sensitive, and there are difficulties
regarding directional characteristic and frequency-
dependence : the German industry has, however,
succeeded in producing an instrument which satis-
fies the highest requirements (it will be reported on
in a later paper). But the moving -coil principle is
unsuitable for general and varied applications, and
the types described will retain their importance for
a long time.
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1084. A METHOD OF ABSOLUTE AMPLITUDE MEAS-
UREMENT OF ROCHELLE SALT VIBRATORS
[under Actual Operating Conditions, using
Inouye's Method of measuring Minute
Capacitance -Changes : Resulting Amplitude/
-Frequency Curve].-T. Kashimoto & T.
Tsumura. (Electrotech. bourn. [Tokyo], Dec.
,1940, Vol. 4, No. 12, p. 275.)

1085. THE DIELECTRIC CONSTANTS OF A ROCHELLE
SALT CRYSTAL [Temperature & Orientation
Characteristics of Dielectric Constant, at
2000 & roo kc/s].-N. Takagi & T. Naka-
yama. (Electrotech. bourn. [Tokyo], Dec.
1940, Vol. 4, No. 12, pp. 275-276.)

1086. CONN CHROMATIC STROBOSCOPE AS AN AUDIO -
FREQUENCY METER [with Application to
Visual Observation of Frequency -Deviation
of 6o c/s Line and Measurement of Turntable
" Wow," etc.].-F. A. Lidbury. (Proc. I.R.E.,
May 1941, Vol. 29, No. 5, pp. 282-283:
summary only.)

1087. A METHOD OF CHANGING THE FREQUENCY OF
A COMPLEX WAVE [with Applications to A.F
Wave -Analyser (extending the Range), Elec-
tronic Musical Instruments, & possibly in
Transmission of Intelligence].-E. L. Kent.
(Proc. I.R.E., April 1941, Vol.. 29, No. 4,
p. 225: short summary only.) For other
work by this writer see 1458 of 1940.

1088. PROGRAMME - OPERATED LEVEL - GOVERNING
AMPLIFIER [Western Electric 1126A Ampli-
fier].-Black & Norman. (See 1189.)

1089. AN OBJECTIVE NOISE -METER READING IN
PHONS FOR SUSTAINED NOISES, WITH SPECIAL
REFERENCE TO ENGINEERING PLANT.-
A. J. King & others. (bourn. I.E.E., June
1941, Vol. 88, Part II, No. 3, pp. 163-176 :
Discussions pp. 176-182, and in Dec. issue,
No. 6, pp. 610-612.) A summary was
referred to in 800 of 1941.

1090. ELECTRICAL AND MECHANICAL ANALOGIES
[Survey].-\V. P. Mason. (Bell S. Tech.
bourn., Oct. 1941, Vol. 20, No. 4, pp. 405-
414.)

1091. How SHOULD ACOUSTICAL PHENOMENA BE
REPRESENTED PHYSICALLY ?-P. Jacquinot
& R. Guillien. (Comptes Rendus (Paris',
24th March 1941, Vol. 212, No. 12, pp. 475-
478.)

An energy/frequency curve derived from an
acoustic analyser ceases to represent the acoustic
phenomena properly when the equivalent Fourier
series contains frequencies N or frequency differ-
ences AN inferior to ZIN o, on which the resolving
power of the analyser depends : such is the case
for a mixture of two sounds whose frequencies
differ by less than zI.Vo, or for a sound modulated
at a frequency less than AN,,. Consideration of
the two main types of analyser, the " sweep
(exploring -note) type and the " synoptic " type
with a large number of resonators, leads to the
conclusion that an acoustical phenomenon should
be represented by three coordinates N, I (readings
...of the analyser) and t (time), yielding a charac-

106(i.

teristic surface S : it is easy to imagine an apparatus
which would give such a surface directly. The
suggestion and its implications are discussed further.
1092. ELECTRICAL ANALYSER FOR LOW -FREQUENCY

VIBRATION [in ro-300 c/s Range].-Koba-
yashi & Endo. (See 1267.)

1093. NOTE ON THE DOPPLER EFFECT [with Useful
Application in Final Adjustment of Valve -
Maintained Tuning Fork to Frequency of
Standard Fork].-C. G. Mcllwraith. (Re-
view Scient. Instr., Dec. 1941, Vol. 12, No.
12, p. 612.)

It is easy to get the two forks within a few cis
of each other, as evidenced by slow beats, but
difficult (except by trial & error) to determine
which fork is the higher in frequency. If the forks
are placed on opposite sides of the room and the
observer walks quickly towards one fork, the
apparent beat rate rises if that fork is the higher
in frequency.
1094. METHOD OF NOISE GENERATION [for Testing

Purposes : Generator using Gas -Filled Dis-
charge Tube : Stable Operation, Large
Output, Wide Frequency Band).-T.
Hayashi & M. Endo. (Electrotech. bourn.
[Tokyo], Nov. 1940, Vol. 4, No. II, p. 258.)
Cf. Peterson, 1476 of 194o : also Weber,
4338 of 1940.

1095. ON THE VIBRATION OF METALLIC DISCS BY
THE RHYTHMIC SUBLIMATION Mar' Waller'S
Solid CO, Method extended to Solid Iodine
& Camphor : Okaya & T. Tobiisi.
(Jap. bourn. of Phys., No. I, Vol. 14,1940:41,
Abstracts p. 7.) See 3401 of 1941.

1096: ACTUAL RESEARCH ON DIRECT -READING
DEPTH - METER AT SHIOGAMA HARBOUR
[Modulated -Frequency Principle, measuring
" Depths as Shallow as 15 cm
Matsuo. (Electrotech. bourn. [Tokyo:, Nov.
1940, Vol. 4, No. I I, pp. 255-257.) See looi
of 1939 : and cf. Beard, 3238 of 1038.

1097. ON THE SUPERSONIC WAVE GENERATOR
[and Methods of Increasing the Output of
Quartz Generators : Max. Ratio Output/
Anode -Input 0.29 at 530 Yosioka.
(Jap. Journ. of Phys., No. I, Vol. 14,1940/41,
Abstracts p. 4.)

1098. HEARING IN THE RAT AT HIGH FREQUENCIES
[Most Audible Frequency about 40 kc s :
Limit probably above That of Bats].-J.
Gould & C. Morgan. (Science, 15th Aug.
1941, Vol. 94, p. 168.)

PHOTOTELEGRAPHY AND TELEVISION

TELEVISN,N IN FRAN, Recent Demon-
stration & Plans].- II !icless World, Feb.
1942, Vol. 48, No. 2, p. : paragraph only.)

1100. PROGRAMME ASPECTS IN TELEVISION BROAD-
CASTING, and TECHNICAL. FEATURES OF
TELEVISION TRANSMISSION AND RECEPTION.
-W. C. Eddy : A. H. Brolly. (Proc. I.R.E.,
May 1941, Vol. 29, No. 5, p. 283 : p. 283:
summaries only.)
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I I OI . NON -STATIONARY PROCESSES IN A
CAB LE .-Gorshunov. (See 992.)

1102. RELAXATION RESPONSE OF VIDEO AMPLI-
FIERS [Previous Treatments by replacing
Square Wave by Fourier Series are unsuit-
able for L.F. Square Waves, where Many
Harmonics must be included in Fourier
Series : Treatment starting from Funda-
mental Differential Equation]. - W. H.
Huggins. (Proc. I.R.E., June 1941, Vol. 29,
No. 6, p. 357: summary only.)

1103. TELEVISION - THE SCANNING PROCESS
[Analysis as a Two -Dimensional Fourier
Series of Terms correlated to Frequency
Components of Transmitted Signal: Re-
lationship between Scanning Process &
Reproduction of Detail: the Two Main
Types of Impairment : Over -All Impair-
ments (" Stroboscopic Flicker," etc.) due
to Intermittency : etc.].-P. Metz. (Proc.
I.R.E., Oct. 1941, Vol. 29, No. Jo, pp.
529-537)

1104. MEASUREMENT, ANALYSIS, SYNTHESIS, AND
EVALUATION OF THE SQUARE -WAVE RE-
SPONSE OF TELEVISION APPARATUS.-R. D.
Kell, A. V. Bedford, & others. (Proc. I.R.E.,
April 1941, Vol. 29, No. 4, p. 224 : summary
only.)

r105. THE TRANSMITTER AMPLIFIER WITH COMPLEX
EXTERNAL RESISTANCE [with Special Appli-
cation to Wide -Band Television Trans-
mitters].-Rothe. (See 1021.)

1106. MEASUREMENT OF THE SLOPE AND DURATION
OF TELEVISION SYNCHRONISING IMPULSES.-
R. A. Monfort & F. J. Somers. (Proc. I.R.E.,
June 1941, Vol. 29, No. 6, p. 358: summary
only.)

1107. HEAT -TREATED TELEVISION [Picture -Wave
Aerial enclosed in Electrically Heated Box].
-(See 1040.)

1108. ORTHICON PORTABLE TELEVISION EQUIP-
MENT.-M. A. Trainer. (Proc. I.R.E.,
April 1941, Vol. 29, No. 4, p. 229 : summary
only.)

1109 . THE RELATIVE SENSITIVITIES OF TELEVISION
PICK-UP TUBES, PHOTOGRAPHIC FILM, AND
THE HUMAN EYE.-A. Rose. (Proc. I.R.E.,
April 1941, Vol. 29, No. 4, p. 227 : summary
only.)

1110. BEHAVIOUR OF THE FOREIGN METAL PAR-
TICLES IN THE COMPOSITE PHOTOCATHODE :
PARTS I AND II.-S. Asao. (Jap. J ourn. of
Phys., No. I, Vol. 14, 1940/41, p. 39 : p. 39.)
See also 2467 of 1941.

III. STUDIES ON THE PHOTOCONDUCTIVITY OF
SEMICONDUCTING LAYERS COMPOSED OF
SOME HEAVY-METAL SULPHIDE OR SELENIDE:
I AND II [Cadmium Selenide, Thallous
Sulphide : Relation between Spectral Sen-
sitivity & Light Absorption : between
Grain Size & Sensitivity].-C. Asai. (Jap.
Jotarn. of Phys., No. I, Vol. 14, 1940/41,
Abstracts p. 54 : p. 54.)
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COAXIAL I I I 2 . PHOTOELECTRIC PROPERTIES OF BISMUTH
[Work Function Values all between 4.22 &
4.25 eV : a 0.03-01 as Large as for Sodium :
etc.].-H. Jupnik. (Phys. Review, 15th Dec.
1941, Vol. 6o, No. 12, pp. 884-889.) For
Weber & Eisele's work see 485 of February.

MEASUREMENTS AND STANDARDS
II 13. ULTRA -HIGH -FREQUENCY OSCILLATOR TYPE

757-A [with Lead -Screw Drive to Piston :
Output 4 W at 400 Mc/s, Lower but Still
Considerable Output at 600 Mc/s].-General
Radio. (Review Scient. Instr., Dec. 1941, Vol.
12, No. 12, p. 614.)

1114. IMPEDANCE MEASUREMENTS AT FREQUENCIES
FROM I tO I00 MEGACYCLES.-R. F. Field.
(Proc. I.R.E., May 1941, Vol. 29, No. 5,
p. 289: summary only.)

" Resistance standards can be built giving an
error of only 2.5% at roo Mc/s", whereas the best
capacitance standards at present give about 1o%
with roo ty.F at 6o Mc/s.
1.115. IMPEDANCE MEASUREMENTS OVER A WIDE

FREQUENCY RANGE [and in particular a
" Susceptance-Variation " Circuit (for Di-
electric Investigation) for Frequencies 0.5-
1oo Mc/s :- Results on Polystyrene, etc.].-
L. E. Packard. (Proc. I.R.E., Aug. 1941,
Vol. 29, No. 8, p. 472: summary only.)

1116. EXTENDING THE RANGE OF Q -METER MEAS-
UREMENTS TO HIGHER FREQUENCIES [up
to 150 Mc/s].-C. J. Franks. (Proc. I.R.E.,
Aug. 1941, Vol. 29, No. 8, Pp. 471-472:
short summary only.) From the Boonton
Radio laboratories.

1117. VOLTMETER FOR HIGH FREQUENCIES [Oscil-
latory -Circuit Condenser with Transparent
Dielectric whose Heating -Up by Dielectric
Losses produces Strains measurable by
Polarised Light].-H. Straubel. (Hochf:tech.
u. Elek :akus ., Oct. 1941, Vol. 58, No. 4,
p. 104.) D.R.P. 704 178. Cf. 1553 01 1938.

I I 18. AN EXPLORING -HEAD VOLTMETER FOR ULTRA -
SHORT  WAVES [Compact Diode Voltmeter,
Mains -Driven : Input Impedance over 5o
Kilohms up to 3o Mc/s, about 500 Ohms at
r000 Mc/s : Accurate within 5% up to
Soo Mc/s].-Rohde & Schwarz Laboratories.
(Helios [Leipzig], 28th Sept. 1941, Vol. 47,
No. 39, Supp. pp. 1230-1232 : in German,
French & Spanish.)

1119. A FREQUENCY -MODULATION STATION MONI-
TOR [Development of General Electric Com-
pany's Design].-H. R. Summerhayes, Jr.
(Proc. I.R.E., April 1941, Vol. 29, No. 4,
pp. 228-229: summary only.) Cf. 178 of
January.

I120. THE MEGACYCLE METER [FOT111 of " Grid -
Dip " Meter designed for Frequencies 10-
400 Mc/s : Application to Alignment of
U.H.F. Superheterodyne Receivers and to
Locating of Parasitic Oscillations].-J. Min-
ter. (Proc. I.R.E., Aug. 1941, Vol. 29,
No. 8, p. 472 : summary only.)

ii



April, 1942 WIRELESS
ENGINEER

185

",

II2I ON ULTRA -SHORT-WAVE QUARTZ CRYSTAL
VIBRATORS [e.g. 1.8 m Fundamental, oscil-
lating easily in Pierce Circuit : Temperature
Coefficient only I x 106 compared with -4
to 7 x ro-5/°C of Tourmalin.]-Z. Kama-
yachi & H. Watanabe. (Electrotech. Journ.
[Tokyo], Jan. 1941, Vol. 5, No. 1, pp. 19-20.)

For the 1.8 m wavelength the plate had diameter
12 mm, thickness 0.015 mm, and 0 about 138°.
Optical devices were used for the selection and
preparation of the crystal.
1122. RELATIONS BETWEEN DIMENSION OR DISPO-

SITION OF ELECTRODES AND THEIR ELEC-
TRICAL EQUIVALENT CIRCUIT CONSTANTS,
IN RECTANGULAR PIEZOELECTRIC VIBRA-
TORS HAVING LONGITUDINAL MODE OF
VIBRATION.-Kamayachi & Ishikawa. (See
989.)

1123. PIEZOELECTRIC EXCITABILITY OF THICKNESS
VIBRATION [Theoretical Method of finding
the Excitation Strength of the Three Modes
of Thickness Vibration, with Example :
Usefulness proved in Researches on Rochelle
Salt Plates]. - N. Takagi. (Electrotech.
Journ. [Tokyo], Jan. 1941, Vol. 5, No. r,
p. 18.)

1124. RESEARCHES ON ROCHELLE SALT CRYSTALS.
-Kashimoto & Tsumura : Takagi & Naka-
yama. (See 1084 & 1085.)

1125. FREQUENCY STANDARDS FOR HIGH FRE-
QUENCIES [based on Tuning -Fork Oscillator].
-R. P. McLoughlin. (Proc.I.R.E., Sept.1941,
Vol. 29, No. 9, pp. 525-526: summary only.)

1126. AN INVESTIGATION OF [the Selectivity &
Frequency Stability of] HIGH -SELECTIVITY
CIRCUITS USING NEGATIVE FEEDBACK.-
Rizkin. (See I000.)

AN IMPROVED FREQUENCY METER FOR COM-
MERCIAL POWER FREQUENCIES [Advantages
of Iron -Core Cross -Coil Design].-K. J.
Knudsen. (Elec. Engineering, Sept. 1941,
Vol. 6o, No. 9, Transactions pp. 866-868.)

1128. A SINGLE -STAGE VALVE VOLTMETER WITH-
OUT ENERGY CONSUMPTION, FOR D.C. &
A.C. (UP TO I0 KC/S) VOLTAGES TO 400 V.-
(Helios [Leipzig], 29th June 1941, Vol. 47,
No. 26, pp. 834-836 : in French.) Made by
a Berlin firm.

1127.

1129.

Ij

1130.

THE DETERMINATION OF MAGNITUDE AND
PHASE ANGLE OF ELECTRICAL QUANTITIES
[as in Measurement of Capacitance & Power
Factor of Imperfect Condensers, etc :
Three -Voltmeter Method (taking advantage
of Valve -Voltmeter Qualities) modified by
Balancing -Out of One Component].-E. A.
Walker. (Elec. Engineering, Aug. 1941,
Vol. 6o, No. 8, Transactions pp. 837-839.)
MEASUREMENT OF HIGH INSULATION RESIST-
ANCE WITH VALVE ELECTROMETER [instead
of Quadrant Electrometer : Apparatus for
Currents ro-7 to ro-14 A : Results on Amber,
Quartz, etc.].-T. Akahira & M. Kamazawa.
(Jap. Journ. of Phys., No. I, Vol. 14, 1940/41,
Abstracts p. 4o.)

1131. THE ABSOLUTE MEASUREMENT OF ELEC-
TRICAL RESISTANCE BY A METHOD USING
THE AVERAGE ELECTROMOTIVE FORCE OF A
COMMUTATING GENERATOR [having an Ex-
tremely Flat Maximum of Mutual Induct-
ance].-H. R. Nettleton & E. G. Balls.
(Proc. Phys. Soc., 1st Jan. 1942, Vol. 54,
Part 1, No. 301, pp. 27-46.)

1132. THE MEASUREMENT OF SMALL ALTERNATING
CURRENT POWERS [Survey].-J. Bubert.
(E.T.Z., 23rd Oct. 1941, Vol. 62, No. 42/43,
p. 867: summary only.)

1133. THE PHOTOCELL COMPENSATOR IN MEASURING
TECHNIQUE [Survey, with II Literature
References].-H. Bleckwenn. (E.T.Z., 13th
March 1941, Vol. 62, No. 11, pp. 292-294.)

Particularly valuable applications of this instru-
ment (see, for example, Hunsinger, 3195 of 1941)
are to the measurement of temperature in metal-
lurgical research and to pg measurement. It also
presents great advantages in telemetering, allowing
the distance to be increased considerably. In the
recording of h.f. currents, a thermo-converter
delivers only a few milliwatts, but the interposition
of a photocell compensator allows even rapidly
varying h.f. currents to be recorded by an inkwriter
taking 3o milliwatts. Such an arrangement can be
used for monitoring the field strengths of trans-
mitting stations. Also, in recording field strengths
over large distances a logarithmic scale is often
desirable : this can be obtained by recording the
control voltage of an exponential (variable -mu)
valve.

1134. MAGNETIC [Saturation] AMPLIFIERS FOR
MEASURING AND CONTROL TECHNIQUE.-
W. Geyger. (E.T.Z., 23rd Oct. & 6th Nov.
1941, Vol. 62, Nos. 42/43 & 44/45, PP- 849-
853 & 891-898.) Already dealt with in 2857
of 1941.

1135. FORMULAS FOR THE INDUCTANCE OF RECT-
ANGULAR TUBULAR CONDUCTORS, and SELF -
GEOMETRIC MEAN DISTANCES OF STRANDED
CONDUCTORS.-T. J. Higgins : 0. P. Doria.
(Elec. Engineering, Nov. 1941, Vol. 6o, No.
I I p. 553-summary only : pp. 564-565.)

SUBSIDIARY APPARATUS AND MATERIALS

1136. KERR-EFFECT OSCILLOGRAPH WITH TWO -
COORDINATE DEFLECTION [Application of
Low Relaxation Time (10-10 s) of Kerr Effect
to Observation of Very Rapid Oscillatory
Processes : Sensitivity increases with Bias
Voltage : etc.].-Eder. (E.T.Z., 23rd Oct.
1941, Vol. 62, No. 42/43, p. 867.) Summary
of the paper referred to in 1725 of 1941.

1137. A NEW CATHODE-RAY OSCILLOGRAPH FOR
THE WIRE -BROADCASTING SERVICE.-Eisele.
(See 1187.)

1138. A TEN -MEGACYCLE OSCILLOSCOPE [With
Hard -Valve Sweep Circuit (continuously
adjustable from 20 c/s to I Mc/s) : Identical
Amplifiers for Sweep & Test Circuits, having
Their First Stages as " Probes " (in Small
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Aluminium Shields) on Shielded Cords :
etc.].-Edson. (Bell Lab. Record, Dec. 1941,
Vol. 20, No. 4, pp. 95-98.)

1139. RECORDING OF HIGH-SPEED TRANSIENT
[Non -Recurrent] PHENOMENA BY MEANS OF
A SEALED -OFF CATHODE-RAY TUBE [Experi-
ments in improving Standard Tube to give
Photographic Records at Max. Spot Speeds
up to about i000 km/s].-Fujitaka & others.
(Electrotech. Journ. [Tokyo], Jan. 1941,
Vol. 5, No. 1, pp. 15-16.)

114.0. BLACKOUT -PANEL OSCILLOGRAPH [for Use, if
necessary, in Total Darkness : Scales, etc.,
in Luminous Paint giving Same Colour &
Intensity of Glow as the C.R. Tube Trace].-
DuMont Laboratories. (Gen. Elec. Review,
NOV. 1941, Vol. 44, No. II, p. 638.)

1141. A CATHODE-RAY OSCILLOGRAPH WITH ROTA-
TING -DRUM CAMERA.-Downie. (Elec. En-
gineering, Nov. 1941, Vol. 6o, No. II,
Transactions pp. 984-986.)

1142. SOME SIMPLIFIED METHODS OF DETERMINING
THE OPTICAL CHARACTERISTICS OF ELECTRON
LENSES [Three Calculation Procedures & an
Experimental Method : New Graphical Re-
presentation of Complete Solution of Lens
Equation, revealing Properties previously
Unrecognised : Design Procedure for C.R.
Tubes].-Spangenberg & Field. (Proc. I.R.E.,
April 1941, Vol. 29, No. 4, p. 228 : summary
only.) Cf. Sandor, von Ardenne, 504 & 515
of February.

1143. THE CATH OD 0 -LUMINESCENCE OF LUMINES-
CENT MAGNESIUM SILICATES AND SOME
RELATED MAGNESIUM MINERALS [Remark-
ably Intense Red Luminescence by Addition
of Manganese : etc.], and ON THE FLUORES-
CENCE SPECTRUM AND COMPOSITION OF
SCAPOLITE.-Iwase. (Jap. Journ. of Phys.,
No. 1, Vol. 14, 1940/41, Abstracts pp. 54-55
P. 55.)

1144. RESEARCHES ON THE PHOTOGRAPHIC RE-
CORDING OF X-RAY SCREEN IMAGES [includ-
ing the Optimum Combination of Film &
Fluorescent Screen, After -Glow, etc.].-
Stanford. (Sci. Abstracts, Sec. B, Nov. 1941,
Vol. 44, No. 527, pp. 225-226.)

1145. PAPER ON THE DEVELOPMENT OF TIME
BASES.-Puckle. (Electrician, 13th Feb.
1942, Vol. 128, pp. 127-128.) Summary of
I.E.E. paper.

1146. DEIONISATION CONSIDERATIONS IN A HAR-
MONIC PRODUCER EMPLOYING A GAS -TUBE
SWITCH [Experimental Investigation of
Thyratron as High -Frequency Switch up to
Several Hundred Kilocycles per Second,
with Special Grid -Potential Conditions :
Incomplete Deionisation, but Normal Switch-
ing Behaviour]. Shepherd. (Proc. I .R.E. ,

April 1941, Vol. 29, No. 4, p. 228: short
summary only.)

1147. A STABILISED NEON -TUBE DIRECT -COUPLED
AMPLIFIER [particularly for Cathode -Ray
Oscillography : with Degenerative Cathode
Resistor].-Huggins. (Elec. Engineering,
Sept. 1941, Vol. 6o, No. 9, p. 437.)

1148. ALLOYS FOR VACUUM -TIGHT SEALS [with
Data & Manufacturers' Names, etc.].-
Winckelmann. (Helios [Leipzig], 28th Sept.
1941, Vol. 47, No. 39, pp. 1212-1217 : in
German, French & Spanish.)

1149. STRESS DISTRIBUTIONS IN METAL -SEALED
GLASSES, and SELECTION OF STEM GLASS.-
Kanno. (See 1072 & 1073.)

I I 50 VAPOUR TRAP AND VACUUM GAUGE [Trap
made from Thermos Bottle : Geissler -Tube
Gauge with Fluorescent Coating, indicating
down to io-5 mm Hg].-Moriya. (Electrotech.
Journ. [Tokyo], Nov. 1940, Vol. 4, No. II,
P. 259.)

1151. THE DETERMINATION OF OPERATING DATA
AND ALLOWABLE RATINGS OF VACUUM -TUBE
RECTIFIERS [Formulae & Graph for Calcula-
tion of Peak Current, Inverse Voltage, &
Plate Dissipation, in order to determine
Permissible Limits of Operation : Extension
to Half -Wave Condenser Input & Polyphase
Choke Input].-Frommer. (Proc. I.R.E.,
Sept. 1941, Vol. 29, No. 9, pp. 481-485.)

1152. EFFECT OF ADMIXTURE OF SILVER ON THE
RECTIFYING PROPERTIES OF Cu/Cu2O CELLS.
-Dixit. (Sci. Abstracts, Sec. B, Nov. 1941,
Vol. 44, No. 527, p. 216.)

1153. CURRENT RATING AND LIFE OF COLD -
CATHODE TUBES [acting as Relay, Rectifier,
Voltage -Regulator, etc : Application of
Townes's Conclusions on Low -Voltage
Cathode - Sputtering]. - Rockwood. (Elec.
Engineering, Sept. 1941, Vol. 6o, No. 9,
Transactions pp. 901-903.) See, for example,
4167 of 1939 (Ingram) : for Townes's paper
see 815 of March.

1154. AN ELECTROMAGNETIC VOLTAGE STABILISER.
-Shevchuk. (Elektrosvyaz [in Russian],
No. 3, 1941, pp. 7-15.)

A complete investigation has been made of the
Friedlander -type voltage stabiliser for voltages
applied to small loads. The operation is discussed
and the fundamental relationships between the
magnetic fluxes, voltages, and ampere -turns are
derived. Methods are proposed for design. Manu-
facturing details of 25, 40 and 18o VA stabilisers
built in the laboratory are given, and their per-
formance is illustrated by a number of curves and
oscillograms. The accuracy of stabilisation is dis-
cussed, and in conclusion a circuit (Fig. 13) is briefly
described for obtaining stabilised rectified voltage
from a double -diode rectifier valve and a special
transformer -stabiliser.

1155. A VALVE -VOLTMETER RELAY OF UNLIMITED
SENSITIVITY [for Voltage Stabilisation].-
Orlov & Pirogov. (Elektrosyaz [in Russian],
No. 4, 1941, pp. 16-22.)

A valve -voltmeter relay for stabilising voltages
is described. It consists essentially of two rectifier

ro
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valves whose characteristics have different slopes.
The valves are connected in a compensating circuit,
i.e. with terminals of the same sign in opposition
(Fig. 1). The absolute difference between the two
rectified voltages so obtained is used for controlling
the servo -motor of the regulating equipment.
The relay can easily be adjusted for any desired
voltage value, and sharply reacts to any change
in this value. The circuit diagram of a relay on
this principle is given, together with a short specifi-
cation of the components. Constructional details
are discussed, and methods are described for
adjusting and testing the relay. This stabiliser
is now in production, its sensitivity being of the
order of 0.35-0.4%.

1156.

1157.

CONSTANT VOLTAGE SUPPLY: A CIRCUIT
COMBINING PARTIAL STABILISATION OF A.C.
INPUT WITH FULL STABILISATION OF D.C.
OUTPUT .-Ledward. (Wireless World, Feb.
1942, Vol. 48, No. 2, pp. 33-35.) Using a
neon lamp and heavy -current, steep slope
valves of Harries tetrode type. For a cor-
rection to Fig. 4 see March issue, p. 67.
A NEW MERCURY RHEOSTATIC ELEMENT
FOR REGULATION AND CONTROL [the " Mer-
curystat " : Power Amplification of Order
of loo 000 obtainable].-Oplinger. (Elec.
Engineering, Aug. 1941, Vol. 6o, No. 8,
Transactions pp. 846-849.) " In most
applications it is difficult to justify the use
of tubes or rotating amplifiers."

1158. VIBRATORS AND VIBRATOR -OPERATED POWER
SUPPLIES.-Nate. (Proc. I.R.E., Aug. 1941,
Vol. 29, No. 8, pp. 470-471 : summary
only.) " As evidence of their practicability
it was stated that some of the airlines are
beginning to accept such power supplies."

1159. POWER SUPPLY FOR EMERGENCY EQUIP-
MENT : BUILDING VIBRATOR -TYPE SUPPLIES
FOR 300 VOLT I00 MILLIAMPERE OUTPUT.
-Grammer. (QST, Jan. 1942; Vol. 26,
No. I, pp. 9-14 and 54.) In connection
with 681, 816, & 883 of March (see also
1014, above).

1160. LEAD -CADMIUM ACCUMULATORS WITH LOW
SPONTANEOUS DISCHARGE.-Von Thyssen-
Bornemisza. (Zeitschr. V .D.I., s3th Dec.
1941, Vol. 85, No. 49/50, p. 963.)

I161. APPLICATION OF CONDUCTING RUBBER TO
THE SHIELDING OF FLEXIBLE LEADS [for
High Frequencies].-Peterson & Lewis.
(Proc. I.R.E., June 1941, Vol. 29, No. 6,
p. 358: summary only.)

1162. ON A METHOD GIVING A REDUCTION OF THE
LOSSES BY BRUSH DISCHARGE IN ELECTRO-
STATIC MACHINES [van de Graaf Generators,
etc : Max. Potential about Doubled by
Use of Metallic Toroidal Ring].-Yadoff &
Platoff. (Comptes Rendus [Paris], 21st
April 1941, Vol. 212, No. 16, pp. 671-674.)

1163. ATMOSPHERIC VARIATIONS AND APPARATUS
FLASHOVER. McAuley. (Elec. Engineering,
July 1941, Vol. 6o, No. 7, Transactions pp.
798-803.) Cf. Tenney, 595 of February.

1164. HIGH -VOLTAGE D.C. FLASH -OVER OF SOLID
INSULATORS IN COMPRESSED NITROGEN.-
Trump & Andrias. (Elec. Engineering,
Nov. 1941, Vol. 6o, No. II, Transactions
pp. 986-99o.)

I I 65 . EFFECTS OF CORONA AND SPARK -OVER IN
FREON [Non -Inflammable Gas with Di-
electric Strength about 3 Times that of Air
at Same Pressure], and HIGH-PRESSURE
GAS [Nitrogen & Freon] AS A DIELECTRIC.
-De Wolf : Nonken. (Elec. Engineering,
Sept. 1941, Vol. 6o, No. 9, pp. 435-436
PP 446-447-summary only.) See also 233
of January.

I166. ON THE POSSIBILITY OF THE REPLACEMENT
OF OIL INSULATION IN H.T. INSTALLATIONS
BY GASES OR MIXTURES OF GASES AND
VAPOURS [particularly CCI, & CC!2F2].-
Drigo & Drigo. (E.T.Z., 23rd Oct. 1941,
Vol. 62, No. 42/43, pp. 865-866: summary
only.)

1167. HIGH -FREQUENCY DIELECTRIC LOSS ANGLES
OF VARIOUS SOLID INSULATING MATERIALS
AT LOW TEMPERATURES [ - 150° to roo°C:
Apparatus : Curves for Steatite, Mycalex,
etc.]. - Okazaki & Otuka. (Electrotech.
Journ. [Tokyo], Jan. 1941, Vol. 5, No. r,
p. 15.) Using the method dealt with in
1532 of 1940.

T I 68. DIELECTRIC LOSS MEASUREMENTS OF LIQUID
AND SEMI -SOLID INSULATING MATERIALS AT
HIGH FREQUENCIES [up to 40 Mcis].-
Okazaki & Yamamoto. (Electrotech. Journ.
[Tokyo], Jan. 1941, Vol. 5, No. I, p. 19.)
Using the equipment dealt with in 4506 of
1938.

I I 69 . TEMPERATURE CHARACTERISTICS OF DI-
ELECTRIC LOSSES AT HIGH FREQUENCIES
[loo kc/s to To Mc/s : Porcelain, Bakelite,
Quartz, Mica, & Ambroid : Effect of Mois-
ture : etc.].-Tsumita. (Jap. Journ. of
Phys., No. 1, Vol. 14, 1940/41, Abstracts
P 42)

1170. SOME MEASUREMENTS ON THE VALIDITY OF
THE PRINCIPLE OF SUPERPOSITION IN SOLID
DIELECTRICS [Frequency - Dependences of
Conductance & Capacitance of Carnauba-
Wax Condenser, measured between 20 c/s
& 20 Mc/s, establish Validity].-Silva &
Gross. (Phys. Review, ist Nov. 1941, Vol.
6o, No. 9, pp. 684-687.) Leading out of
Gross's work, 2539 of 1941.

I 171 . THE BASIS FOR THE NON-DESTRUCTIVE
TESTING OF INSULATION [Correlation between
Dielectric Strength and L.F. Interfacial
Polarisation : New Method of Measurement].
-Field. (Elec. Engineering, Sept. 1941,
Vol. 6o, No. 9, Transactions pp. 890-895.)

1172. FACTORS INFLUENCING THE MECHANICAL
STRENGTH OF CELLULOSE INSULATION.-
Clark. (Elec. Engineering, July 1941, Vol.
6o, No. 7, Transactions pp. 778-783.)



i"

188 WIRELESS
ENGINEER

April, 1942

1173. TEMPERATURE -COMPENSATING CAPACITORS
[Sealed Mica Condensers Type " K " for
correcting Temperature Coefficient of Induct-
ances].-Aerovox. (Review Scient. Instr.,
Dec. 1941, Vol. 12, No. 12, pp. 615-616.)
" It is possible to obtain oscillator frequency
stability [in radio transmitters] comparable
to that obtained with quartz crystals",
with saving of space and weight.

RECOVERING BORIC ACID IN MANUFACTURE
OF ELECTRICAL CAPACITORS.-McCrea. (Elec.
Engineering, Aug. 1941, Vol. 6o, No. 8,
P 417)

1175. HIGH -FREQUENCY IRON CORES [Of All Dimen-
sions & Shapes, Special or Standard].-Crow-
ley & Company. (Review Scient. Instr.,
Dec. 1941, Vol. 12, No. 12, pp. 613-614.)

1176. MAGNETIC MOMENTS AT HIGH FREQUENCIES
[calculated for Conducting, Permeable
Spheres & Cylinders in Oscillating Magnetic
Field, as Functions of Conductivity, Permea-
bility, Cross -Sectional Radius, & Wavelength:
Electric Moment of Conducting Sphere in
Oscillating Electric Field : Application to
Effect of Particle Size on Effective Perme-
ability of Magnetic Powders].-Page. (Phys.
Review, 1St NOV. 1941, Vol. 6o, No. 9,
pp. 675-684.)

1177. THE SHIELDING OF PERMANENT MAGNETS
FROM TRANSIENT MAGNETIC FIELDS [by
Use of New High -Speed Copper -Plating
Process].-Wey. (Elec. Engineering, Sept.
1941, Vol. 6o, No. 9, Transactions pp. 875-
877.)

1178. THE RADIO ALARM FOR CIVILIAN DEFENCE.
-Van Dyck & Deal. (See 1213.)

1174.

STATIONS, DESIGN AND OPERATION

1179. PRACTICAL ENGINEERING ASPECTS OF FRE-
QUENCY -MODULATION BROADCASTING [with
Special Reference to the Paxton & Mount
Washington Stations].-de Mars. (Proc.
I.R.E., Sept. 1941, Vol. 29, No. 9, p. 525
summary only.)

1180. A COMMERCIAL 50 -KILOWATT FREQUENCY-
MODULATION BROADCAST TRANSMITTING
STATION [as installed (with Dummy Aerials)
at the Helderberg Station, W2X0Y].-
Thomas & Williamson. (Proc. I.R.E., Oct.
1941, Vol. 29, No. 1o, pp. 537-545.)

I181. FREQUENCY MODULATION FOR  COMMUNICA-
TION PURPOSES [including Police & Military
Uses].-Budelman. (Proc. I.R.E., Aug. 1941,
Vol. 29, No. 8, p. 471 : summary only.)

1182. FREQUENCY MODULATION IN RAILWAY
SIGNALLING [at Shell -Loading Plant].-
(Wireless World, Jan. 1942, Vol. 48, No. I,
p. 13 : paragraph only.)

1183. A FREQUENCY -MODULATION STATION MONI-
TOR.-Summerhayes. (See 1119.)

1184. THE COMMUNICATION FACILITIES OF THE
U.S. FOREST SERVICE.-SIMS011. (Elec.
Engineering, Nov. 1941, Vol. 6o, No. II,
Transactions pp. 971-976.) See also 543
of February.

1185. SOME PROBLEMS IN RAILWAY -TRAIN TELE-
PHONY.-Herrmann. (Hochf:tech. u. Elek:
alms., NOV. 1941, Vol. 58, No. 5, pp. 114-
118.)

Author's summary :-" The task of transmitting
communication between a fixed and a moving
station is performed in train telephony by supplying
the energy to a pair of conductors in the bunch
of overhead lines running parallel to the track. The
station in the train is coupled capacitively to this
pair by a wire stretched over the roof. Coupling
attenuation and line attenuation vary, in opposite
senses, with the frequency. The total attenuation
[eqn. 9] is smallest at the frequency for which the
line attenuation of the half section between two
fixed stations amounts to 2 nepers [but the maxi-
mum for the best frequency is flat : see bottom of
p. 117, 1-h column] . . . At ioo kc/s the distance
between the fixed station and the station coupled
to the overhead lines may be 13o km. The opera-
ting attenuation would then fluctuate between 4.5
and 9.5 nepers, and with an aerial power of to
watts this would allow receiving levels to be
attained which in the most unfavourable conditions
would still be 2 nepers above the background
of telegraphy and broadcasting." The system
actually in action and tested, working on 75 kc/s
with an aerial power not much over I watt, e,
occasionally subject to severe interference. The
advantage, in increasing signal strength, of
frequent earthings along the course of the pair of
lines is discussed at the end of section Ia.

1186. ON THE RECONSTRUCTION AND DEVELOPMENT
OF WIRE BROADCASTING IN TOWNS.-yaks.
(Elektrosvyaz [in Russian], No. 3, 1941,
PP. 4-6.)

It is considered that wire broadcasting should
become predominant in towns, and the require-
ments necessary for ensuring service of high quality
and reliability are discussed.

1187. A NEW CATHODE-RAY OSCILLOGRAPH FOR
THE WIRE -BROADCASTING SERVICE [Type
A4o, Portable : Sensitivity 50 mVeff, Fre-
quency Range 3o c/s up to or over I :

Adjustable Time -Base Frequency 3o cis up
to or over 30o kc/s : Input Circuit symmet-
rical to Earth, with Sensitivity Adjustment :
etc.].-Eisele. (T.F.T., April 1941, Vol. 3o,
No. 4, pp. 108-115.)

1188. RADIO BROADCASTING IN CANADA. Frigon.
(Elec. Engineering, Sept. 1941, Vol. 6o, No. 9,
Transactions pp. 896-898.)

I189. PROGRAMME -OPERATED LEVEL -GOVERNING
AMPLIFIER [General Considerations (Peak
Choppers inferior to Peak Limiters) : Re-
quirements of the Latter : the Western
Electric 1126A Amplifier].-Black & Norman.
(Proc. I.R.E., Nov. 1941, Vol. 29, No. I1,
PP 573-578)

yy



April, 1942 WIRELESS
ENGINEER

GENERAL PHYSICAL ARTICLES

1190. THE ELECTRIC MOMENT OF A HIGHLY
CONDUCTING SPHERE IN AN OSCILLATING
ELECTRIC FIELD.-Page. (See 1176.)

1191. AN APPROXIMATE SOLUTION FOR THE DIS-
TRIBUTION OF TEMPERATURE OR POTENTIAL
WITH CYLINDRICAL ISOTHERMAL OR EQUI-
POTENTIAL SURFACES [Use Of Dipoles or
Source -Sink Combinations to give Approx.
Solution of Laplace's Equation].-White-
head. (Proc. Phys. Soc., 1st Jan. 1942,
Vol. 54, Part r, No. 301, pp. 63-65.)

1192. NOTE ON ELECTRIC AND MAGNETIC DIMEN-
SIONS [particularly of K and is, and the
Derivation of the Inverse -Square Laws of
Force].-Yarnold. (Proc. Phys. Soc., 1st Jan.
1942, Vol. 54, Part I, No. 301, pp. 46-49.)

Prompted by the discordant views of Brown and
Duncanson (2893/4 of 1941). In the Discussion
(pp. 49-50) S. Gill points out the advantages of
taking as fundamentals length, time, electric
charge, and magnetic pole -strength. See also 1193,
below.

1193. DIMENSIONS OF PHYSICAL QUANTITIES.-
Wilson : Burmiston Brown. (Phil. Mag.,
Jan. 1942, Vol. 33, No. 216, pp. 26-33.)
Criticism of Brown's paper, 2893 of 1941 :
see also 1192, above.

MISCELLANEOUS
1194. STATISTICAL PROCEDURES AND THEIR

MATHEMATICAL BASES " [Book Review].-
Peters & van Voorhis. (Nature, 7th Feb.
1942, Vol. 149, p. 151.)

1195. " AN ENGINEER'S MANUAL OF STATISTICAL
METHODS " [Book Review], and THE TECH-
NIQUE OF QUALITY CONTROL [Extract from
Above Book].-Simon. (Gen. Elec. Review,
Nov. 1941, Vol. 44, No. II, p. 642: Engineer,
3oth Jan. 1942, Vol. 173, pp. 100-102.)

1196. THE LIMITING FORM OF POISSON'S DISTRIBU-
TION.-Gumbel. (Phys. Review, ist Nov.194.1,

1197.

Vol. 6o, No. 9, p. 689.)

NUMERICAL DIFFERENTIATION NEAR THE
LIMITS OF A DIFFERENCE TABLE.-Beckley &
Miller. (Phil. Mag., Jan. 1942, Vol. 33,
No. 216, pp. 1-14.)

1198. THE CONSTANTS OF STRAIGHT-LINE LAWS
[Correspondence].-Freeman. (Engineering,
16th Jan. 1942, Vol. 153, p. 54.) See 563
of February.

1199. METHODS OF FINDING THE EQUATIONS OF
CURVES [Reference to a General Method].-
Tobin : Barnes. (Engineering, 2nd Jan.
.1942, Vol. 153, p. 15.) Prompted by 296 of
January.

1200. ON CERTAIN EXPANSIONS OF THE SOLUTIONS
OF MATHIEU'S DIFFERENTIAL EQUATION
[including a More General Expansion con-
taining an Arbitrary Parameter whose
Suitable Choice may be useful for Computing,
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by improving Convergence].-Erdelyi. (Proc.
Cambridge Phil. Soc., Jan. 1942, Vol. 3 8,
Part 1, pp. 28-33.)

1201. " TRANSIENTS IN ELECTRIC CIRCUITS " [and
the Use of the Operational Calculus : Book
Review].-Coulthard. (Electrician, 3oth Jan.
1942, Vol. 128, p. 64.) For previous work
by the writer see 2595 of 1939.

1202. CONTROL PROBLEMS [Application of Opera-
tors to Linear Control Problems : General
Properties of Linear Systems acted on by
Linear Controls : Stability of Controlled
Systems : Non -Linear Control Problems
(including Liapounoff's Theorem)].-Minor-
sky. (Journ. Franklin Inst., Nov. & Dec.
1941, Vol. 232, Nos. 5 & 6, pp. 451-487 &
519-551.)

Practically all existing control systems belong to
the linear class dealt with in the first three parts
of the paper. " Part iv deals with non-linear
control systems. Although the intrinsic difficulties
of this particular field have retarded considerably
the advent of these non-linear methods, it is thought
that its potential possibilities may be of a sufficient
interest to warrant at least a rather superficial
review here." Cf. 1203, below.

1203. THE REPRESENTAITON OF CONTROL PRO-
CESSES [in Linearly Functioning Electrical
& Mechanical Systems : Use of Laplace
Transformation & Hurwitz Stability Criteria].
-Tischner. (Hochf:tech. u. Elek:akus., Nov.
1941, Vol. 58, No. 5, pp. 145-148.) Inde-
pendent of, but covering the same ground as,
Grunwald's work dealt with in 67o of March.
Cf. also Minorsky, 1202, above.

1204. MAGNETIC AMPLIFIERS FOR MEASURING AND
CONTROL TECHNIQUE.-Geyger. (See 1134.)

1205. A NEW MERCURY RHEOSTATIC ELEMENT FOR
REGULATION AND CONTROL [the " Mercury-
stat "].-Oplinger. (See 1157.)

1206. THE USE OF AN AMPLIDYNE-CONTROLLED
MOTOR IN SAW -MILLS, and IN STRIP GRINDING
AND POLISHING.-La Roque : Murrah. (Gen.
Elec. Review, Nov. 1941, Vol. 44, No. I1,
pp. 619-620: pp. 625-627.)

1207 THE PHOTOCELL COMPENSATOR IN MEASUR-
ING TECHNIQUE [for Industrial Supervision
& Control of Temperature, pg Measurement,
etc.].-Bleckwenn. (See 1133.)

1208. THERMOSTATS EMPLOYING EXTERNAL SUR-
FACE CONTROL [for Scientific or Industrial
Plant].-Hopper. (Proc. Phys. Soc., 1st Jan.
1942, Vol. 54, Part 1, No. 301, pp. 55-62.)

1209. LINE -ECONOMISING COORDINATE CONNEC-
TION " (" K CONNECTION ") FOR REMOTE
CONTROL AND TELEMETERING. - Stark.
(E.T.Z., 11th Sept. 1941, Vol. 62, No. 37,
PP. 775-778.)

1210. FREQUENCY MODULATION APPLIED TO TELE-
GRAPH LINES [to avoid Troubles in Carrier -
Current Systems due to Sharp Weather
Changes].-Western Union. (Science, I2th
Dec. 1941, Vol. 94, Supp. p. ro.)
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1211. CARRIER CURRENT COMMUNICATION :
" WIRED WIRELESS " OVER HIGH -VOLTAGE
POWER LINES.-Forrest. (Wireless World,
Feb. 1942, Vol. 48, No. 2, pp. 26-29.)

1212. TERMINAL EQUIPMENT FOR THE LI CARRIER
SYSTEM [New Coaxial System giving 480
Channels : Stevens-Point/Minneapolis].-
Crane. (Bell Lab. Record, Dec. 1941, Vol. 20,
No. 4, pp. 99-104.)

1213. THE RADIO ALARM FOR CIVILIAN DEFENCE
[operated from Standard Broadcasting
Station, by Inaudible 24 & 36 c/s Signals :
Tuned -Reed Receiving Relays].-Van Dyck
& Deal. (Proc. I.R.E., Oct. 1941, Vol. 29,
No. 1o, p. 566-two summaries.) See also
3561 of 1941 ; for various R.C.A. devices
see 4313 of 1938 & back references, and 1977
of 1941.

1214. A METHOD OF CHANGING THE FREQUENCY OF
A COMPLEX WAVE [with Possible Application
to Transmission of Intelligence].-Kent.
(See 1087.)

1215. THE INTERACTION BETWEEN Two PARALLEL
LINES WHEN THE LOADS ARE NOT MATCHED
[in connection with Interference between
Power Lines & Communication Lines, etc.].
-Zingerenko. (See 994.)

1216. THE INTERFERENCE WITH COMMUNICATION
LINES DUE TO THE EQUALISING VOLTAGE
BETWEEN COMPOUND RECTIFIERS AT RAIL-
WAY SUBSTATIONS, and THE DETERMINATION
OF THE INTERFERING CURRENT, AFFECTING
A TWO -WIRE TELEPHONE LINE, IN THE
TACT NETWORK OF AN ELECTRIC RAILWAY
FED FROM MERCURY RECTIFIERS.-S010V'eV :
Mikhaylov. (Elektrosvyaz [in Russian], No. 3,
1941, pp. 49-68 : No. 4,1941, pp. 77-88.)

1217. CIVILIAN COMMUNICATIONS UNDER WARTIME
CONDITIONS [Report on Visit to London :
Criticisms (Lack of Self -Powered Equipments,
etc.)] Leonard. (Proc. I.R.E., Oct. 1941,
Vol. 29, No. io, p. 567: summary only.)
Cf., for example, QST, Jan. 1942, Vol. 26,
No. I, pp. 7-8 and Inset (Editorials).

12.18. " How INVENTORS CAN AID NATIONAL
DEFENCE " [Book Notice].-U.S. Depart-
ment of Commerce. (Elec. Engineering,
Sept. 1941, Vol. 6o, No. 9, p. 466.)

1219. USE OF SCIENCE AND SCIENTIFIC WORKERS
IN THE WAR. - Association of Scientific
Workers. (Nature, 31st Jan. 1942, Vol. 149,
pp. 130-132.)

1220. THE INDUSTRY IN WARTIME : ANNUAL
REPORT OF THE RADIO MANUFACTURERS'
ASSOCIATION.- (Wireless World, Feb. 1942,
Vol. 48, No. 2, pp. 29-30.)

1221. METHOD IN INVENTION [and the Use of the
" Change of Position Operator," " Addition,
Combination, Increased -Function, & Omis-
sion Operators "].-Turnbull. (Distribution
of Electricity, Jan. 1942, Vol. 14, No. 145,
pp. 514-515 and 520.) Continued from a
previous issue.
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1222. COOPERATION BETWEEN INSTRUMENT MAKERS
AND INSTRUMENT USERS [Correspondence].
-Marsh. (Journ. of Scient. Instr., Feb.
1942, Vol. 19, No. 2, p. 31.) Prompted by
Marsh's article, 589 of February.

1223. " MODERN ASSEMBLY PROCESSES : THEIR
DEVELOPMENT AND CONTROL " [Jointing
Methods (Riveting, Soldering, etc.) : Book
Review].-Miller. (Nature, 13th Dec. 1941,
Vol. 148, p. 711.) " The wisdom of Chapter
14, ' Testing, Inspection, and Trouble
Hunting,' is worth every penny of the book's
purchase price."

1224. HIGH -PRODUCTION HIGH -ECONOMY METHODS
FOR METAL PARTS : PART III-STAMPINGS,
FORMED AND DRAWN PARTS, SOLDERING
AND BRAZING, POWDER METALLURGY.-
Basch. (Gen. Elec. Review, Dec. 1941, Vol.
44, No. 12, pp. 685-695.) Final part of the
series referred to in 594 of February.

1225. " GEARS FOR CLOCKWORK MECHANISMS : WAR
EMERGENCY BRITISH STANDARD 978 " [Book
Notice].-(Journ. of Scient. Instr., Jan. 1942,
Vol. 19, No. 1, p. 15.)

1226. " A DICTIONARY OF ELECTRICAL TERMS,
INCLUDING ELECTRICAL COMMUNICATION :
FOURTH EDITION [Book Review].-Roget.
(Engineering, 26th Dec. 1941, Vol. 152,
pp. 507-508.)

1227. THE CORRECTION BY SCIENTISTS OF MANU-
SCRIPTS FOR THE PRESS.-Potter. (Science,
7th Nov. 1941, Vol. 94, pp. 438-439.)

1228. THE HISTORY OF ELECTRICAL RESONANCE
[from the Leyden Jar to " Four Sevens "
Marconi Patent].-Blanchard. (Bell S.
Tech. Journ., Oct. 1941, Vol. 20, No. 14,
PP. 415-433.)

1229. ATMOSPHERIC VARIATIONS AND APPARATUS
FLASHOVER.-McAuley. (Elec. Engineering,
July 1941, Vol. 6o, No. 7, Transactions
pp. 798-803.) Cf. Tenney, 595 of February.

123o. FUTURE SOURCES OF POWER [Survey leading
to Conclusion of Importance of Photo-
synthesis]. Furnas. (Science, 7th Nov.
1941, Vol. 94, pp. 425-428.) For an
abridged version see Engineering, 2nd Jan.
1942, p. 4.

1231. PRESENT POSITION OF RESEARCH INTO THE
EFFECT OF COMMERCIAL CURRENTS ON VITAL
ORGANS [and the Problem of Resuscitation].
-Alvensleben. (E.T.Z., 14th Aug. 1941,
Vol. 62, No. 33, pp. 706-709.)

1232. THE ELECTROSTATIC COMPONENT OF THE
FORCE OF SLIDING FRICTION [Influence of
Dielectric Strength of Lubricant on Relaxa-
tion -Oscillation Jerky Motion : Passage of
Electric Current improves Smoothness of
Sliding : etc.].-Schnurmann & Warlow-
Davies. (Proc. Phys. Soc., 1st Jan. 1942,
Vol. 54, Part 1, No. 301, pp. 14-27.)
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EGG -LAYING OF DUCKS AS AN ENFORCED
RELAXATION OSCI LLAT I ON .-Kalmus. (Na-
ture, 22nd NOV. 1941, Vol. 148, pp. 626-
627.)

WATER DIVINING : DISCUSSION ON POSSI-
BILITIES OF ELECTRICAL BASIS.-Shipley &
others. (Electrician, 6th Feb. 1942, Vol. 128,
p. 94 : summary of I.E.E. Discussion.)
ELECTRONICS IN MEDICAL RESEARCH.-
Webber. (Proc. I.R.E., May 1941, Vol. 29,
No. 5, p. 284: summary only.)

ELECTRO-ENCEPHALOGRAPH HELPS TO LOCATE
TUMOURS IN BRAIN .-Wi twer. (Sci. News
Letter, 13th Dec. 1941, Vol. 4o, No. 24,
1) 373.)

1237. ON THE THEORY OF THE BIOLOGICAL ACTION
OF RADIATION : II [Temperature Effect &
Calculation of Free Path Length of an
Electron in a Lattice, under Influence of
Temperature : " Hit " Formula : etc.].-
Koyenuma. (Physik. Zeitschr., Aug. 1941,
Vol. 42, No. 11(12, pp. 213-217.) For I see
2318 of 1941.

1238. " THE BIOLOGIC FUNDAMENTALS OF RADIA-
TION THERAPY," and " ADVANCES AND
APPLICATIONS OF MATHEMATICAL BIOLOGY "
[Book Reviewsl. - Ellinger : Rashevsky.
(Journ. Applied Phys., Dec. 1941, Vol. 12,
No. 12, p. 839.)

1239. CORRELATION BETWEEN THE SPECTRAL SENSI-
TIVITY OF THE EYE AND THE PHASES OF THE
MOON [Another Example of the Influence
of the Lunar Rhythm on Biological Pro-
cesses].-Buchwald. (Physik. Zeitschr., 20th
Nov. 1941, Vol. 42, No. 21,22, pp. 378-381.)

1240. PHYSICAL PROBLEMS IN THE INVESTIGATION
OF THE HUMAN CIRCULATION OF BLOOD
[including Electrocardiography, Chest -Wall
Vibrations, Use of Ergometer, etc.].-
Landes. (Zeitschr. f. tech. Phys., No. 8, Vol.
22, 1941, pp. 192-201.)

1241. PROTECTION AGAINST X-RAYS IN INDUSTRIAL
USE [including the Biophysical Foundations
of the Action].-Schaefer. (Zeitschr. F.D.I.,
13th Dec. 1941, Vol. 85, No. 49(50, pp 947-
952.)

1242. A PORTABLE MILLION -VOLT X-RAY OUTFIT
FOR INDUSTRIAL LABORATORIES.-Charlton
& Westendorp. (Gen. Elec. Review, Dec. 1941,
Vol. 44, No. 12, pp. 654-661.)

1243. RADIOGRAPHY AT HIGH SPEED [by Cold -

Cathode Tube with 1000-2000 A passing for
about1µs].-Ehrke & Slack. (Elec. En-
gineering, Sept. 1941, Vol. 6o, No. 9, pp. 432-
435.) See also 1390 of 1941.

1244. TELEVISION AND ELECTRON - MICROSCOPE
PRINCIPLES TO BE USED TO IMPROVE X-RAY
DIAGNOSIS.-Chamberlain. (Sci. News Letter,
13th Dec. 1941, Vol. 4o, No. 24, p. 373.)

1245. RESEARCHES ON THE PHOTOGRAPHIC RE-
CORDING OF X-RAY SCREEN I M AGES.-
Stanford. (See 1144.)

1234.

1235.

1236.
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1246. A COMPARISON BETWEEN A GEIGER-MULLER
COUNTER, A SECONDARY -ELECTRON MULTI-
PLIER TUBE, AND PHOTOGRAPHIC FILM, FOR
DETECTING WEAK X-RAYS.-Eisenstein &
Gingrich. (Review Scient. Instr., Dec. 1941,
Vol. 12, No. 12, pp. 582-586.)

1247. THE RELATIVE SENSITIVITIES OF TELEVISION
PICK-UP TUBES, PHOTOGRAPHIC FILM, AND
THE HUMAN EYE.-Rose. (Prot. I.R.E.,
April 1941, Vol. 29, No. 4, p. 227 : summary
only.)

1248. APPLICATIONS OF THE CATHODE-RAY OSCIL-
LOGRA PH IN INDUSTRY.-Wilson. (BEA MA
Journal, Jan. 1942, Vol. 49, No. 55, pp. 1°-
14.) First of a series.

1249. A CATHODE-RAY METHOD OF WAVE ANALYSIS
[using a Polar Planimeter].-Johnson. (Elec.
Engineering, Sept. 1941, Vol. 6o, No. 9,
p. 447 : summary only.)

1250. EXPERIMENTS IN MAKING VISIBLE, IN THE
UNIVERSAL ELECTRON -MICROSCOPE, MOLE-
CULAR ROUGHNESSES ON CRYSTAL EDGES [of
Zinc -Oxide Smoke Crystals] INCLINED TO
THE LATTICE PLAN E. -von Ardenne. (Natur-
wiss., 26th Dec. 1941, Vol. 29, No. 52, pp.
780-781.)

Using the writer's new magnetic objective (focal
length 0.9 mm) at potentials of 6o kv, giving
magnifications of 200 000. The reference given is
to a paper in Physik. Zeitschr.. No. i, Vol. 43,2942,
in the press : cf. also 515 of February, final
paragraph.

I251. THE ELECTRON MICROSCOPE [in particular,
the Eastman Kodak Laboratories Instru-
ment & Its Use for Investigation of Silver
Salt Reactions].-Schoen. (Proc. I.R.E.,
Aug. 1941, Vol. 29, No. 8, p. 471 : summary
only.)

1252. INFLUENZA VIRUS " SEEN " FOR FIRST TIME
WITH ELECTRON MICROSCOPE : IS ONLY
II MI LLI ICRONS ACROSS.-Chambers &
Henle. (Sci. News Letter, 29th Nov. 1941,
Vol. 40, No. 22, p. 339.)

1253. THE COMPOSITION OF 'TYPICAL ABSORBENTS
[Electron -Microscopic Examination of Silica
Gels, etc.].-Schoon & Klette. (Naturwiss.,
17th Oct. 1941, Vol. 29, NO. 42.'43, pp. 652-
653.)

1254. THE USE OF PHOTOGRAPHIC PLATES AS AN
AID TO COSMIC -RAY INVESTIGATIONS [begin-
ning with Review of Comparative Effects of
Various Types of Charged Particles].-Bose.
(Indian Journ. of Phys., April 1941, Vol. 15,
Part 2, pp. 145-16o.) Cf. Webb, 208 of
January.

1255. " WALL'S DICTIONARY OF PHOTOGRAPHY, AND
REFERENCE BOOK FOR AMATEUR AND PRO-
FESSIONAL PHOTOGRAPHERS: SIXTEENTH
EDITION " [Book Review].-Sowerby (Re-
vised by). (Nature, 22nd Nov. 1941, Vol.
148, pp. 605-606.)
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1256. ELECTRICAL CHARACTERISTICS OF STROBO-
SCOPIC FLASH LAMPS [used in Stroboscopy &
High -Speed Photography].-Murphy & Ed-
gerton. (Journ. Applied Phys., Dec. 1941,
Vol. 12, No. 12, pp. 848-855.)

1257. THE USE OF HIGH -INTENSITY WIDE -FRE-
QUENCY - RANGE STROBOSCOPIC LIGHTING
EQUIPMENT IN COLOUR -PRINTING OF CLOTH.
-Mansfield. (Gen. Elec. Review, Nov. 1941,
Vol. 44, No. II, pp. 633-634.)

1258. COUNTER CIRCUITS AND THEIR APPLICATIONS.
-Deal. (See 983.)

1259. CIRCUIT FOR SELF - RECORDING GEIGER-
MULLER COUNTERS.-Janossy & Ingleby.
(Journ. of Scient. Instr., Feb. 1942, Vol. 19,
No. 2, pp. 30-31.)

1260. ELECTRON -COUNTING WITH SIMPLE APPARA-
TUS.-Bouwers & Heinjn. (Helios [Leipzig],
21st Sept. 1941, Vol. 47, No. 38, pp. 118'-
1182: German summary, from Philips
Tech. Rundschau, No. 3, 1941.)

1261. A COUNTING INSTRUMENT WITH LINEAR
AMPLIFIER [Wynn -Williams Type, but Pro-
tected against Mechanical, Acoustic, &
Electric Shocks].-Kimura & Uemura. (Jap.
Journ. of Phys., No. I, Vol. 14, 1940/41,
Abstracts p. 41.)

1262. POWERFUL ULTRA -VIOLET LIGHT SOURCES
[and Their Applications].-Laub. (Elec.
Engineering, Aug. 1941, Vol. 6o, No. 8,
pp. 384-388.) See also pp. 389-392 (" If
the Black -Out Comes ").

1263. OBSERVATIONS ON THE " TENDEROMETER "
[for inspecting Raw Peas before Canning or
Freezing : including the Need for an Elec-
tronic Device].-(Journ. of Scient. Instr.,
Dec. 1941, Vol. 18, No. 12, p. 246.)

1264. DYNAMIC -PRESSURE METER [for Special Pump
Investigations & Cavitation Phenomena]. --
(Engineering, 19th Dec. 1941, Vol. 152,
pp. 486 and 487.)

1265. ELECTRIC THICKNESS GAUGE FOR ALUMINIUM
PROPELLERS [or generally for Non -Magnetic
Surfaces].-(Gen. Elec. Review, July 1941,
Vol. 44, No. 7, p. 411.)

1266. THE ELECTRIC FENCE [particularly Popular
in Sweden : Comparative Cost : Need for
Development of Mains Supply Unit : etc.].-
von Trotha. (Zeitschr. V.D.I., 29th Nov.
1941, Vol. 85, No. 47/48, p. 914 : summary
only.) Cf. 3698 of 1940.

1267. ELECTRICAL ANALYSER FOR LOW -FREQUENCY
VIBRATION [in 10-300 c/s Range : Magneto-
striction Resonator (io kc/s, with Resonance
Characteristic having Selectivity Q of about
15 000) as Selector Element : Analysis
recorded in about 3 Minutes].-Kobayashi
& Endo. (Electrotech. Journ. [Tokyo], Jan.
1941, Vol. 5, No. I, pp. 17-18.)

1268. A RADIO -FREQUENCY DEVICE FOR DETECTING
THE PASSAGE OF A BULLET.-Bradford.
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(Proc. I.R.E., Nov. 1941, Vol. 29, No. II,
pp. 578-583.) For previous work see 2497
of 1941.

1269. A TURBINE -GOVERNOR PERFORMANCE AN-
ALYSER [embodying Frequency Meter with
Frequency - Modulating & Discriminating
Circuits].-Osbon. (Elec. Engineering, Nov.
1941, Vol. 6o, No. II, Transactions pp. 963-
967.)

1270. ELECTRICAL MEASUREMENT OF MOISTURE
CONTENT IN SPINNING THREADS [by Resist-
ance & Dielectric -Constant Methods].-
Mahlo. (Zeitschr. V.D.I., 13th Dec. 1941,
Vol. 85, No. 49/50, p. 961.)

1271. GAUGES GIVING AUDIBLE INDICATION OF
DIFFERENCES OF 1/25 000th INCH [for Use
by Blind], and ELECTRIC GAUGES AND TEST-
ING DEVICES FOR MASS PRODUCTION [includ-
ing Bolometric Type].-Junkers Factory :
Jaekel. (Science, 14th Nov. 1941, Vol. 94,
Supp. p. 13: Electro-Technik [Thuringen],
28th June 1941, No. 26, pp. 33-34.)

1272. USE OF THE ELECTRIC [Electro-Magnetic]
TOOL -PRESSURE GAUGE TO IMPROVE
MACHINE -TOOL PERFORMANCE.-Hand. (Gen.
Elec. Review, Nov. 1941, Vol. 44, No. II,
pp. 605-607.)

1273. AMPERE -SQUARED -SECOND RECORDER [for
Impulses of Duration less than Half a Second,
in Resistance Welding].-Rich. (Elec. Engi-
neering, Aug. 1941, Vol. 6o, No. 8, Trans-
actions pp. 839-842.)

1274. OPTICS IN THE NATIONAL DEFENCE [Sym-
posium].-(Journ. Opt. Soc. Am., Dec. 1941,
Vol. 31, No. 12, pp. 750-751 : summaries
only.)

1275. A Low BRIGHTNESS METER [0.I IO 0.000 005
Footlambert].-Taylor. (Journ. Opt. Soc.
Am., Dec. 1941, Vol. 31, No. 12, pp. 738-739.)

An indication of the limits of this visual instru-
ment is given by the fact that the brightness of the
zenith sky on a clear moonless night was found to
be about o.000 15 footlambert. For an elucida-
tion see issue for Jan. 1942, Vol 32, No. 1, p. 34
1276. APPLICATIONS OF PARTICLE -SIZE ANALYSIS

[Increasing Number of Applications in
Applied Physics & Chemistry].-Richardson.
(Nature, 13th Dec. 1941, Vol. 148, pp. 714-
716.) Incidentally, the photoelectric method
is considered the most accurate and con-
venient.

1277. INVISIBLE FENCES : ATTEMPTED SABOTAGE
IN DEFENCE PLANTS PREVENTED BY " ELEC-
TRIC EYES '' SENSITIVE TO INFRA -RED [Beam
Lengths of 2-3 Miles obtained with Two
20 W Bulbs : Other Applications].-Kear-
ney. (Sci. News Letter, 13th Dec. 1941, Vol.
4o, No. 24, pp. 378-379.)

1278. A DEVICE FOR THE CONTINUOUS INDICATION
OF OXYGEN SATURATION OF CIRCULATING
BLOOD IN MAN [Photoelectric Apparatus
with Evershed & Vignoles Current -Ratio
Meter].-Goldie. (J ourn . of Scient. Instr.,
Feb. 1942, Vol. 19, No. 2, pp. 23-25.)
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