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LOOK—NO CONTACTS

NORBIT STATIC SWITCHES

for automatic control systems

NEVER NEED MAINTENANCE

No maintenance, no ‘sneak circuits’,
operation in any position, constant speed
and a lhfe unaffected by the number of
operations.

T'hese are only some of the many reasons
why electrical and electro-mechanical engi-
neers, in increasing numbers, are using
Norbit static switches instead of relays in a
wide variety of automatic control and
alarm applications, from lift systems to
food processes.

Since they use no moving parts contactless
Norbit switches need no adjustments, no
cleaning and suffer no mechanical wear or
variation in operating speed. ‘I'ime wasting
‘cut and try’ methods are also eliminated
during system design—using Norbits you
can plan your complete system on paper
and know that what you plan will work in
practice.

Furthermore, one basic Norbit gives you
any switching function you need. No con-
tacts, no sparking, no heat to dissipate,

@ ———

unaffected by detrimental atmospheres
dust, abrasive particles, humidity, corro-
stive fumes, hazardous atmospheres—the
reliability of Norbit static switches has been
proven in practice and by exhaustive
quality testing.
’

Here’s all you need to know 1iow
does the Norbit switch if it uses no contacts?
Just regard the Norbit as a switch which
does not open or close, but one which
cither conducts or does not conduct.
Furthermore, there’s wo need for you to
know any electronic theory to understand
Norbits and apply their many advantages.
Free to the practical engineer writc
for a free copy of *Static Switching Simply
Explained’. This booklet gives you a
completely non-mathematical explanation
of Norbit static switches — what they can do
and how they can be used. Write today for
this practical guide to contaciless switching
using Norbits.

I ——— i T
MULLARD EQUIPMENT LIMITED
= ]

MANOR ROYAL., CRA\;VI,EY, SUSSEX
Telephone Crawley 28787
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ACOUSTICS nique to obtain a frequency-response cali-  theory of a  tunnel-diode transducer is
bration of a smal.] lcad zirconate-titanate d('v'(-loped 'and circuits  for opera(inn' of
transducer is described. The response curve  variable-resistance or modulated negative-

is obtained through numerical Fourier trans-  resistance microphones are analysed.

formation of the recorded response 10 a shock-

334.14-8: 537.311.33 3557 \Vave excitation. Sources of error and agree-  621.395.616 3565

Amplification of Ultrasonic Waves
in Piezoelectric Semiconductors. ). I..
White. (). appl. Phys.. Aug. 1962, Vol. 33,
No. 8. pp. 2547 2554, The technique
necessary for amplification is discussed, and
extension to higher frequencies and more
general operating conditions is considered,
See 1 of January (Hutson et al.).

534.231: 534.€8 3558
Space Time Correlation in Spherical
and Circular Noise Fields. M. J.
Jacobson. (J. acoust. Soc. Amer., July 1962,
Vol. 34. No. 7, pp. 971-978.) 'The cross-
correlation of the noise field of an infinite
number of white-noise sources is examined
as a function of time delay, wavelength
between correlation points, and frequency.

534.232 3559

Determination of the Parameters of
a Piezoelectric Transducer from the
Decay of Resonant Vibrations. M.
Redwood. (J. acoust. Soc. Amer., July 1962,
Vol. 34, No. 7, pp. 895-902.) The theory

of the method and its limitations are dis-

cussed. It is particularly suitable for rapid
measurements  on  transducers with  low
coupling coeflicients 0-4).

534.232.089.6 3560

Shock-Wave Transducer Calibration.
R. L. Ziemer & R. F. Lambert. (.J. acoust.
Soc. Amer., July 1962, Vol. 34, No. 7, pp.
987--988.) “The use of a shock-wave tech-

Industrial Electronics, November 1962

ARRANGEMENT WITH THAT DEPARTMENT

ment with other methods of calibration are
discussed.”

534.417.089.6 3561

Hydrophone Calibration in a Vibra-
ting Column of Liquid.— F. Schloss & M.
Strasberg. (.J. acoust. Soc. Amer., July 1962,
Vol. 34, No. 7, pp. 958-960.) The procedure
has advantages over usual laboratory
methods for the calibration of small low-
sensitivity hydrophones: pressures up to
1000 dyn/cm?® can be produced.

534.61-14 3562

A Test Sound Source for Wide-Band
Microphones for the Measurement of
Pressure Impulses in Liquids.—W.

Eisenmenger. (dcustica, 1962, Vol. 12, No. 3.
pp- 165172, In German,
534.782 3563

Verification of the Properties of an
Artificial Mouth by the Method of the
Thresholds of Audibility, Intelligibility
and Perception.— (;. Ibba. (Alta Frequenza,
March 1962, Vol. 31, No. 3, pp. 127-133.)
The ability of an artificial mouth to repro-
duce speech is assessed on the basis of sub-
jective tests.

621.395.61: 621.382.23 3564

Experimental Tunnel-Diode Electro-
mechanical Transducer Elements and
their Use in Tunnel-Diode Microphones.
—E. S. Rogers. (J. acoust. Soc. Amer., July
1962, Vol. 34, No. 7, pp. 883 893.) The

June 1962, Vol.

They are arranged within broad subject sections in the order of the
U.D.C. numbers marked with a dagger (1) must be regarded as

An Author and Subject Index

Investigations on a Condenser Micro-
phone with Cardioid Characteristic.
B. Weingarwmer.  (Acustica, 1962, Vol. 12,
No. 3, pp. 158 165. In German.) Deviations
from the desired frequency response curve
and directivity pattern ncar the lower and
upper frequency  limits are studied  with
reference to theoretical and experimental
data. A method of improving low-frequency
response is indicated.

621.395.625.3: 681.84.083.84 3566

The Measurement of Modulation
Noise.—E. Belger.  (Rundfunktech. AMitt.,
6, No. 4, pp. 152 154.)
Modulation noise caused by inhomogeneities
in the coating of magnetic recording tape is
considered. The masking of this noise by the
useful sound is investigated and a filter
compensating for the masking effect is pro-
posed to facilitate the measurement of noise.

AERIALS
AND TRANSMISSION LINES

621.372.2 3567

Matrices and Equivalent Circuits of
Three-Wire Transmission Lines. M.
Soldi. (Alta Frequenza, April & June 1962,
Vol. 31, Nos. 4 & 6, pp. 219-225 & 359-374.)
Detailed theoretical treatment of three-wire

Al165



transmission lines for usc as high-frequency
circuit clements. ‘The theory is extended
to cover transmission lines with any nimber
ot conductors.

621.372.2 3568
The Change of Shape of Steep-
Fronted Pulses by Multiple Reflections
along a Transmission Line.—1). Scitzer.
(cArch, elekt, Ubertragung, Junc 1962, Vol. 16,
No. 6, pp. 263-270.) Further investigation
of the effects of irregularities in a homo-
geneous line on the shape of a step-voltage
waveform. See also 360 of February.

621.372.2: 621.318.57: 537.312.62 3569
Low-Impedance Transmission Sys-
tem for Driving Cryogenic Circuits. -
D. J. Dumin. (Rev. sci. Instrum., July 1962,
Vol. 33, No. 7, pp. 715-720.) 'The possible
advantages of driving cryotron circuits with
a low-impedance transmission system arc
discusscd.  Although losses are higher a
reduction in the signal coupled between
cables in a cryotron system is possible when
low-impedance cable is used. A note is given
on low-impedance pulse gencrator design.

621.372.22 3570

Circuit Arrangements at the Output
of Short Distributed lnhomogeneous
Lossy Lines.—W. Jutzi. (Z. angew. Phys.,
June 1962, Vol. 14, No. 6, pp. 365 369.)
Output matching conditions and circuits are
discussed.

621.372.832.8 3571

On Some Design Problems of a Star-
Type Ferrite Circulator.—S. J. Lewan-
dowski. (J. Instn Telecommun. Engrs, India.
March 1962, Vol. 8, No. 2, pp. 103 106.)
Theory developed by Auld (26 of 1960) was
used as a basis for an experimental investiga-
tion of the circulator. Modifications were
made to improve the wide-band operation.

621.372.851: 621.385.632.19 3572
Diaphragm-Loaded Waveguides as
Delay Lines. A. Fichig. (Arch. elekt. Uber-
tragung, Junc 1962, Vol. 16, No. 6, pp. 283
290.) The advantages are discussed of
diaphragm-loaded waveguide for use as
delay-line systems in travelling-wave tubes
operating at cxtremely high  frequencies.
‘The design of a multiple-beam delay line and
experimental investigations are described.

621.372.852.22 3573
Modes in Rectangular Guides Loaded
with Magnetized Ferrite.- -GG. Gerosa.
(Proc. Inst. Radio Ingrs, Aug. 1962, Vol. 50,
No. 8, pp. 1826-1827.) The analysis given
shows that one of the modes found by Seidel
& Fletcher (757 of 1960) does not exist.

621.372.852.323 3574
High-Power Resonance Isolators.-
F. W. Smith. (Proc. Instn elect. Engrs, Part B,
Sept. 1962, Vol. 109, No. 47, pp. 420-429.
A method is described for improving the
power-handling  capacity  of  resonance-
absorption isolators. Performance data are
given on X-band isolators for handling
powers >2 kW with 25 load reflection,
which maintain their low-power character-

istics.

621.372.853: 537.56 3575
Coupling of Modes between a Slow-
Wave Plasma Mode and a Helix.—S. F.

Alb66

Paik. (J. appl. Phys., Aug. 1962, Vol. 33,
No. 8, pp. 2468-2473.) Propagation
characteristics of a transmission system con-
sisting of a plasma column and coaxial helix
are analysed. Results are compared with
those obtained by Bulgakov et al. (Zh. tekh.
Fiz., July 1960, Vol. 30, No. 7, pp. 840-850.)

621.396.67:621.396.621.22:621.397.62 3576

Communal Aerials for Television
Reception in Adjacent Channels. -H.
Licht. (Rundfunktech. Atitt., June 1962, Vol.
6, No. 4, pp. 145 151.) The design of aerial
installations suitable for the reception of
transmissions in adjacent frequency channels
within a given band is discussed, allowing
for the problems arising from difterences in
signal level and direction of incidence at the
aerial.  Particular care is needed in the
adjustment of receivers.

621.396.67: 621.396.946 3577
The Importance of ‘Cold’ Aerials for
Space Communications.—A. Fournier &
P. Chavance. (Rev. tech. Comp. frang. Thomson-
Houston, Junc 1962, No. 36, pp. 43-33.)
The cquivalent noise temperature of aerials
is considered and, in particular, Cassegrain
and horn-reflector acrials are compared.

621.396.67.095(204) : 621.396.944 3578

Dipole Radiation in a Conducting
Half-Space.—R. K. Moore & W. E. Blair.
(J. Res. nat. Bur. Stand.. Nov. 'Dcc. 1961,
Vol. 65D, No. 6, pp. 547--363.) Theoretical
investigation of the problem of communica-
tion between aerials submerged in a con-
ducting medium such as sca-water.  The
analysis is given in terms of a dipole radiating
in a conducting hall-space separated by a
plane boundary from a diclectric half-space.

621.396.673 3579

Measurements of Low-Angle Radia-
tion from a Monopole. ~A. C. Wilson.
(J. Res. nat. Bur. Stand., Nov./Decc. 1961,
Vol. 65D, No. 6, pp. 641 -645.) Determina-
tion. by scale model technigues, of the
effectiveness of a ground system of long-wire
radials to obtain low angles of radiation.
Measurements were made at 400 Mce's with
a  base-driven  vertical monopole and  a

target  transmitter  acrial at a  distance
of 200 A,
621.396.674.3 3580

Transient Response of a Dipole
Antenna.—S. P. NMorgan. (J. math. Phys.,
May/June 1962, V'ol. 3, No. 3, pp. 564 565.
The current excited by a step-function volt-
age across an infinitesimal centre gap is
derived using a double Fourier transforma-
ton.

621.396.674.3: 551.510.535 3581

The Impedance of a Short Cylindrical
Dipole in the lonosphere. I.. \. Bram-
ley. (Planet. Space Sci., Aug. 1962, Vol. 9,
pp. 445 454.) Theoretical expressions are
obtained for the dipole impedance in (a) an
isotropic conducting medium, (b) a magneto-
ionic medium, and are used to calculate
numerical values for an aerial in the iono-
sphere.

621.396.677.3.012.12 3582
Phased-Array Co-ordinate Transfor-
mations.— ). H. Best. (Microwave J., July

1962, Vol. 5, No. 7, pp. 51-34.) A three-
dimensional presentation is needed to show
the radiation pattern of planar phased arrays
adequately.  Plotting power contours on
a spherical coordinate system is the most
practical way of doing this. The particular
advantages and the transformation formilae
for three such systems are given.

621.396.677.43 3583
Rhombic Aerial Design: Two-Tiered
Array.—F. J. Norman. (Electronic Technol.,
Sept. 1962, Vol. 39, No. 9, pp. 337-346.)
Ficld measurements of parameters indicate
that the theoretical directivity patterns are
achieved in practice. Graphical procedures
for determining the gain and the shape of
the main lobe and minor lobes are given.

621.396.677.7 3584

Radiation from a Magnetic Line
Dipole Source of Finite Width. [.. W.
Zelby. (Proc. Inst. Radio Engrs, Aug. 1962,
Vol. 50, No. 8, pp. 1848--1849.) Analysis to
determine the conditions for launching a
surface wave.

621.396.677.85 3585
Electromagnetic Scattering from
Radially Inhomogeneous Spheres.

R. J. Garbacz. (Proc. Inst. Radio lingrs, Aug.
1962, Vol. 50, No. 8, p. 1837.) The equations
for the spherical Luneberg lens given by 'Tai
(430 of 1961 ) arc used as a basis of a method
of determining scattering patterns, which is
suitable for high-speed computer calculation.

AUTOMATIC COMPUTERS

681.142 3586

Improved Electronic Differentiator
has Low Noise Factor.—N. I). Diaman-
tides. (Electronics. 27th July 1962, Vol. 35,
No. 30, pp. 46 47.) A 2:1 improvement in
noise factor is achicved using the circuit
configuration described which incorporates
an extra amplifier, providing a time delay,
and avoids a serics input capacitor.

681.142: 621.318.134 3587

The Measurement and Reduction of
Noise in Coincident-Current Core Mem-
ories, P, Cooke & D. C. Dillistone. (Proc.
Instn elect. Engrs, Part B. Scept. 1962, Vol. 109,
No. 47, pp. 383 -389.

681.142: 621.382.2,.3 3588

Transistor-Diode Static Switching
Units.-—]. F. Young. (Flectronic Isngng, Sept.
1962, Vol. 34, No. 415, pp. 595-599.) The
advantages of replacing resistors by diodes
in the input of transistor NOR circuits are
noted and operating conditions arc discussed.

CIRCUITS
AND CIRCUIT ELEMENTS °

621.372.413: 537.312.62 3589
Measurements on Two Nb Super-
conductive R.F. Cavities.- 1.. Rinderer,

Industrial Electronics, November 1962



J. Riifenacht & A. Susini.  (Phys. Lett., 1st
Sept. 1962, Vol. 2, No. 3, pp. 119-120.
The construction of the cavities, which are
tuned to 270 Mc/s, is described and results
of measurements made on them are given.

621.372.44 3590

Dependence of Parametric Element
Nonlinearity on Tuning Circuit.
G. H. B. Thompson: A. L. leclgesson,
(Proc. Inst. Radio Engrs, Aug. 1962, Vol. 50,
No. 8, pp. 1845-1846.) Comment on 45 of
January and author’s reply.

621.372.44 3591

Varactor Charge Voltage Expansions
for Large Pumping Conditions. —A\. L.
Helgesson.  (Proc. Inst. Radio Engrs, Aug.
1962, Vol. 50, No. 8, pp. 1846-1847.) The
results given earlier (45 of January) are
extended to high-level pumping.

621.372.5/.6 3592
Narrow-Band R.F. Networks.
A. Susini. (Electronic Technol., Scpt. 1962,
Vol. 39, No. 9, pp. 357-361.) A simplified

treatment using the pole-zero approach.

621.372.54: 621.315.212 3593

V.H.F. Notch Filters: T-Type Coaxial-
Line Construction.—W. Wharton & R. E.
Davies. (Llectronic Technol., Sept. 1962, Vol.
39, No. 9, pp. 332-336.) The theory of the
I-type coaxial notch filter first described by
Sosin (1162 of 1933) is presented and design
curves for practical filters are given.

621.372.55 3594

A Technique of Equalizing Parabolic
Group Delay.-R. M. Kurzrok. (Proc.
Inst. Radio Engrs, Aug. 1962, Vol. 50, No. 8,
p. 1840.) A technique applicable to r.f. and
i.f. amplifier chains is outlined in which all-
pass equalizing networks arc avoided by
using single- and double-tuned circuits in
alternate coupling networks.

621.372.56.018.756 3595

Attenuators for High-Frequency
Pulses.  -I{. L. Stadler. (Rev. sci. Instrum.,
July 1962, Vol. 33, No. 7, p. 761.) A note on

the design of an asymmetric Il attenuator.

621.373: 621.372.2: 621.372.44 3596

Tunnel Diode Loaded by a Shorted
Transmission Line.- M. 11. Steward: L.
Nagumo & M. Shimura. (Proc. Inst. Radio
Engrs, Aug. 1962, Vol. 50, No. 8, pp. 1830
1833.) Correction to and comment on 3669
of 1961 with authors’ reply.

621.373: 621.372.44: 681.142 3597
Amplitude Limiting and Hysteresis
of Parametron Oscillations.-—E. Volcker.
(Elektronik, Jan., Feb., April & Scpt. 1962,
Vol. 11, Nos. 1, 2, 4 & 9, pp. 1- 4, 4749,
117-120 & 262--265.) Theoretical treatment
of various modes of operation of the para-
metron |see e.g. 3588 of 1959 (Goto)].

621.373.421.11 3598
Design of Temperature-Compensated
Tuned Circuits.. (). Schwelb. (FElectronic
Technol.. Sept. 1962, Vol. 39, No. 9, pp.
347-352.) Formulae are given from which
variable tuned circuits can be designed to
cover a prescribed frequency range with a
given maximum temperaturc coefficient.
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621.373.52 3599

Designing Class-C Transistor LC
Oscillators.—P. Laakmann. (Electronics,
27th July 1962, Vol. 35, No. 30, pp. 42-45.)
An analysis with an cxample of design
illustrating the advantages of the earthed-
collector Hartley circuit.

621.374.4: 538.569.4 3600
Resonant Harmonic Generation in
Ruby.—C. M. Kellington. (Phys. Rev. Lett.,
15th july 1962, Vol. 9, No. 2, pp. 57-58.)
An  experiment is  described in which
harmonic generation occurs in a medium
which is resonant with respect to both the
fundamental and the harmonic.

621.374.4: 621.372.44 3601
Generation of Harmonics with Var-
actor Diodes. -G. B. Stracca. (Hta
Frequenza, March 1962, Vol. 31, No. 3.
pp. 134-149.) The analysis is given for an
ideal varactor diode used as a harmonic
gencrator at high signal levels. Experimental
results are compared with the theoretical
characteristics. For English version sce ibid.,
May 1962, Vol. 31, No. 5. pp. 294-307.

621.374.4: 621.372.44 3602
Analysis of Frequency Multipliers
with ‘Varactor’ Diodes.— M. Vadnjal &
C. Dragone. (dAlta Frequenza, March 1962,
Vol. 31, No. 3, pp. 150-157.) The gencral
analysis given is applied to the calculation
of load and source impedance for optimum
output from the frequency multiplier.

621.374.4: 621.372.44 3603

Similarity Considerations for Var-
actor Multipliers.—A. Uhlir, Jr. (Micro-
wave J., July 1962, Vol. 5, No. 7, pp. 55-59.)
A dimensional analysis of the performance
of varactors as harmonic generators shows
that a better equivalent circuit is necded to
represent the varactor at v.h.f.

621.374.4: 621.382.23 3604

A  Tunnel-Diode Wide-Band Fre-
quency-Doubling Circuit.—]. H. Burbo.
(Proc. Inst. Radio Engrs, Aug. 1962, Vol. 50,
No. 8, p. 1850.) Mecthods of stabilizing the
circuit described by Neu (767 of March) are
mentioned.

621.375.4 3605

Output Impedance Compensation of
Common-Emitter Stage. S. S. Hakim.
(Electronic Technol.. Scpt. 1962, Vol. 39, No.
9, pp. 353-356.) By shunting the output of
a common-cniitter stage with a series RIL
circuit it is possible to maintain the imped-
ance purely resistive for frequencies up to
about f, /5.

621.375.4.012.8 3606
Analytical Investigation of the
Hybrid-I1 Equivalent Circuit of a
Transistor as an Amplifier at Radio
Frequencies.—\'. Banfi. (.Alta Frequenza,
April 1962, Vol. 31, No. 4, pp. 210 218.)

621.375.4.018.78: 621.372.632 3607

Experimental Investigations and Cal-
culations on Distortion and Mixing
Processes in Transistor Stages at Low
Frequencies.—J. S. Vogel & M. J. O,
Strutt.  (Arch. elekt. Ubertragung, June 1962,
Vol. 16, No. 6, pp. 291-295.) An accurate

method for computing the distortion effects
in transistor circuits with low source and load
impedance is given. Sce also 2892 of 1961,

621.375.43.024 3608
Thermal Negative Feedback in a
Transistor Amplifier for Direct Current.
—G. Faini & O. Svelto. (Alta Frequenza,
April 1962, Vol. 31, No. 4, pp. 206-209.)
An experimental amplifier is described in
which negative feedback at extremely low
frequencies is produced by thermal effects.

621.375.9: 538.569.4 3609

General Considerations on the Three-
Level Solid-State Microwave Maser.—
M. Bidault. (Rev. tech. Comp. frang. Thomson-
Houston, June 1962, No. 36, pp. 55-109.)
Operation of the maser is summarized and
the physical properties of maser materials
and related microwave components are
reviewed.

621.375.9: 538.569.4 3610

Operation of a Travelling-Wave
Maser in a Transverse-Field Super-
conducting Electromagnet.—W. G.
Nilsen. (J. appl. Phys., Aug. 1962, Vol. 33,
No. 8, pp. 2522-2523.) A 6-Gc/s travelling-
wave maser showed a net gain of 30 db with
3-db bandwidth of about 20 Mc/s.

621.375.9: 538.569.4:
621.3.018.41 (083.74)
Ammonia Maser on the 3,2 Line as a
Frequency Standard: Part 1.--Shimoda
& Kohno. (See 3812.)

3611

621.375.9: 621.372.44 3612

Investigation of an Experimental
Travelling-Wave Parametric Amplifier.
—R. Mavaddat & F. J. Hyde. (Proc. Instn
elect. Engrs, Part B, Sept. 1962, Vol. 109,
No. 47, pp. 405-413.) The effect of mis-
match at source and load is investigated.
The signal gain obtainable with the experi-
mental amplifier was of the order of 10 db,
and the bandwidth approximately 3 Mc s
with the double-channel noise factor <1-1
at mid-band (6-7 Mcs).

621.375.9: 621.372.44 3613

Some Properties of Parametric
Systems with Great Depth of Modu-
lation: Part 1—Theory.—J. B. Gunn.
(Solid-State Electronics, July/Aug. 1962, Vol. 5,
pp. 181-204.) The behaviour of a resonant
system in which the resonance frequency is
varied slowly and periodically, and the
practical limitations of its performance as
an amplifier are discussed.

621.375.9: 621.372.44 3614

Parametric Amplifiers using Diodes:
Type TH.D.20.-— M. Baril. (Rew. tech. Comp.
JSrang. Thomson-Houston, June 1962, No. 36,
pp. 111-127.)  Two low-noisc amplifiers,
one for the range 1 250-1 350 Mc/s and the
other for 3100 Mc/s, are described.

621.375.9: 621.372.44: 621.385.6 3615
Graphical Expressions of Synchron-
ous Conditions in the Transverse-Type
Electron-Beamn Parametric Amplifier.
—K. Kakizaki. (Proc. Inst. Radio Engrs, Aug.
1962, Vol. 50, No. 8, pp. 1850-1851.)
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621.375.9: 621.382.23 3616

Design of a Series-Tuned Negative-
Resistance Amplifier.—]. C. Paul. (Semi-
conductor Prod., Junc 1962, Vol. 5, No. 6,
pp. 29-35.) Analytical and graphical
design procedures are presented for a low-
level low-noise tunnel-diode preamplifier for
3 Me s which, together with the bias supply,
can be built into a very small unit.

621.375.9: 621.382.23 3617

Noise Figure of Moody & Wacker’s
Broad-Band Tunnel-Diode Amplifier.
A. van der Ziel.  (Proc. Inst. Radio Engrs.
Aug. 1962, Vol. 50, No. 8, p. 1844.) Sce
2141 of 1961,

621.375.9: 621.382.23 3618

Nonlinear Distortion in Tunnel-Diode
Amplifiers. R. M. Kurzrok & A. Newton.
Proc. Inst. Radio Engrs, Aug. 1962, Vol. 50,
No. 8, pp. 1833-1854.)  An approximate

theoretical analysis.

GENERAL PHYSICS

530.162: 621.391.822

Thermal Noise in Linear, Lossy,
Electromagnetic Media. M. Vanworm-
houdt & H. A. Haus. (/. appl. Phys., Aug.
1962, Vol. 33, No. 8, pp. 2572 -2577.) The
results of an carlier paper [2145 of 1961

3619

(Haus)] are generalized to nonuniform
media.
537.311: 061.3 3620

Report on the Symposium on Electro-
nic Tunnelling in Solids, Philadelphia,
1961.—-L. O. Kanc. (J. Phys. Chem. Solids,
Jan./Feb. 1962, Vol. 23, pp. 173-180.) A
summary of the proceedings of the mieeting
30th--31st January. References are given to
published material.

537.311.33 3621

Density Matrix Approach to a Simple
Hot-Electron Problem. A, Hascgawa &
J. Yamashita. (J. Phys. Chem. Solids. July
1962, Vol. 23, pp. 870 880.) A transport
theory of non-ohmic conductivity in semi-
conductors is developed in a form which is
closely related to the Kohn-Luttinger theory
of ohmic conductivity,

537.311.33 3622
Impurity Effects on the Plasma
Oscillation of an Electron Gas. Y. .

Ohtsuki.  (Progr. theor. Phyvs., Nay 1962,
Vol. 27, No. 5, pp. 1082 -1083.) The effects
of impuritics on the oscillation damping
factor are calculated.

537.311.33: 538.63 3623

A Possible Origin of A.C. Current
through Oscillating Cylindrical Elec-
tron-Hole Plasma.-—T. Misawa. (Jap. .J.
appl. Phys., July 1962, Vol. 1, No. 1, pp.
67 -69.) Glicksman (1197 of April) proposed
unstable helical perturbations in carrier
density as an origin. 1t is argued that a.c.
current will only result i’ the specimen s
cylindrically asymmetric, or in an inclined
magnetic field.

Alo68

537.312.62 3624

The Solution of a Transition Problem
in a Superconducting Strip.—W. Liniger.
(J. math. Phys.. May June 1962, Vol. 3, No. 3.
pp. 578 -586.

537.312.62: 535.215: 621.318.57 3625

Radiation-Induced Transport of Mag-
netic Flux along a Superconducting
Sheet.— ). . Marchand & ]J. Volger. (P’hys.
Lett., st Sept. 1962, Vol. 2, No. 3, pp. 118
119.) The normally conductive arca formed
by a spot of light on a sheet of superconduc-
ting material is probably duc to a local
heating effect. Flux from a magnet near the
sheet can be isolated in such an area and
transported about the sheet by moving the
illuminated region, a procedure which can
be regarded as the action of a flux pump.
The flux can be ‘set’” at any point by
switching ofl the hight sgurce.

537.525 3626

Build-Up of Electron Density in Neon-
Argon Gas Discharges in Pulsed Micro-
wave Fields,-—-\l. Kumagai & 'I', "Fsuki-
shima. (J. phys. Soc. Japan. July 1962, Vol.
17. No. 7, pp. 12041205,

537.525: 621.391.822 3627

Radio-Frequency Noise of an Im-
mersed Langmuir Probe. R. D. Scars
& J. J. Brophy. (1. appl. Phys., Aug. 1962,
Vol. 33, No. 8. pp. 2383 -2587.)  'The
spectrum of’ noise from 50 ke's to 10 Meys
in a cold-cathode Ne discharge is examined.

H37.56 3628

Transport Phenomena in a Nonuni-
form Slightly Ionized Gas. 5. Zivanovic
& M. S, Sodha.  (Progr. theor. Phys.. Junc
1962, Vol. 27, No. 6, pp. 1128 1136.
Solution  of Boltzmann’s equation  gives
clectric and  thermal currents in varying
clectric and static magnetic fields.  The
electron encrgy distribution is non-Maxwel-
lian it gradients occur in n, and ».

537.56 3629

Containment of Plasmas by High-
Frequency Electric Fields.. M. Ericson.
.S, Ward, 8. €. Brown & S, . Buchsbaum.
(. appl. Phys., Aug. 1962, Vol. 33, No. 8,
pp. 2429 2434, A cylindrical  plasma
colutm was produced in hydrogen by a
inicrowave electrie ficld crossed with a static
magnetic ficld. Under certain conditions the
plasma appeared as a stable cylindrical

column with diameter as small as } that of

the discharge tube.  The experimemtally
observed properties of this ‘constricted” dis-
charge can be explained by treating the
plasma as a compressible diclectric medium.

337.56 3630

Electron Temperature in Partially
Ionized Gases Subject to Intense A.C.
Fields.— 5. Visvanathan. (J. appl. Phys..
Aug. 1962, Vol. 33, No. 8, pp. 2481-2483.)
A suong electrie ficld applicd to a plasma
produces electrons with a temperature con-
siderably higher than the temperature of the
neutral gas in the plasina.

537.56: 537.533 3631

The Interaction of Charged-Particle
Beams with Plasma.—Ya. B. Fainberg.
(Atomnaya  Energiva, Oct. 1961, Vol. 11,

No. 4, pp. 313-335. English translation,
J. nuclear Energy, Part C, June 1962, Vol. 4,
No. 3, pp. 203-220.) Instability and non-
linear effects in beam-plasma interaction are
discussed with reference to the acceleration
of charged particles and the generation and
amplification of microwaves. 79 references.

537.56: 537.533

Electromagnetic Properties of a
Plasma-Beam System. . Ncufeld. (Phys.
Rer.. 15th July 1962, Vol. 127, No. 2, pp.
346-359.) A continuation of earlier work on
the interaction of an clectron beam with a
cold plasma |sce e.g. 2154 of 1961 (Neufeld
& Doyle)|, and an extension to the case of
a thermal plasma.

3632

537.56: 537.533 3633

Properties of a Plasma Created by
an Electron Beam.—P. Hedvall. (J. appl.
Phys.. Aug. 1962, Vol. 33, No. 8, pp. 2426-
2429.) The beam and plasma were confined
by an axial magnetic field. Types of oscil-
lation that occurred are discussed.

537.56: 538.566 3634

Experimental Two-Beam Excitation
of Plasma Oscillations.- M. J. Kofoid.
(Phys. Fluids, June 1962, Vol. 5, No. 6, pp.
712 -720.)  Turther tests made since the
previous paper (3057 of 1960) are described
and an expression is derived which gives the
ratio of phase velocity to clectron beam

velocity  for  the  production  of  strong
oscillations.
537.56.08: 537.533 3635

Microwave Probing of lonized-Gas
Flows. R. G. Jahn. (Phys. Fluds, June
1962, Vol. 5. No. 6, pp. 678-686.) A trans-
verse microwave beam device is described
and a technique is outlined for examining
the build-up of ionization behind a strong
shock wave in A.

538.114 3636

Use of Green Functions in the Theory
of Ferromagnetism. -R. A. Tahir-Kheli
& 1. ter Haar,  (Phys. Rev., st July 1962,
Vol. 127, No. 1, pp. 88--100.)

Part | —General Discussion of the Spin-§
Case.——Green’s functions, decoupled by a
simple procedure are applied to the problem
of a lattice at cach site of which is a spin
8§85 -4.1.32.2,52,3). The magnetization
at low, high and sub-Curic-point tempera-

tures is obtained using the Heisenberg
Hamiltonian.
Part 2—Dyson Spin Waves.—Using the

Dyson Hamiltonian both with and without
the interaction term, the magnetization,
spin specific heat and spin-wave dispersion
are obtained for low temperatures.  ‘The
eflect of higher-order decoupling is also
considered. ‘Fhe results for cubic lattices
agree reasonably with other theories; the
decoupling seems to be more exact for
larger 5.

538.3 3637

A General Method of Representation
of Electromagnetic Fields. —G. Borgiotti.
(Alta Frequenza, April 1962, Vol. 31, No. 4,
pp. 226-234.) The method is based on
simple propertics of vector space and Fourier
transforms. Various types of representation
are obtained by changing the vector basis
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of reference of the two-dimensional space
considered.  For English version sce tbid.,
May 1962, Vol. 31, No. 3, pp. 285-293.

538.311 3638
The Electromagnetic Field of a
Straight Current-Carrying Insulated

Wire with Bare Ends Laid Parallel to
the Surface in Sea-Water in Three-Layer
Space: Air, Water, Earth.-H. Buchholz,
(Arch. Elektrotech., 20th June & 25th July
1962, Vol. 47, Nos. 2 & 3, pp. 80-105 &
133-148.
Part 1: The D.C. Case.

The

Part 2: A.C. Case for any
Frequencies.
538.56:531.6 3639

Direct Transmission of Mechanical
Energy by means of Electromagnetic
Waves.-G. Latmiral & G. Franceschetti.
(Alta Frequenza, Feb. 1962, Vol. 31, No. 2,
pp- 78-81. 1n English.) "The ponderomotive
forces and torques exerted on a dipole by a
lincarly or circularly polarized wave arc
calculated.  The amount of mechanical
energy that can be directly transnmiitted from
a transmitting to a receiving acrial is shown
to be the energy cquivalent of the Doppler
effect.

538.561: 537.56 3640

Microwave Radiation from a Mag-
netoplasma.—5. Miyoshi. (J. phys. Soc.
Japan, July 1962, Vol. 17, No. 7, pp. 1206-
1207.) Difficulty in measuring the electron
density of the plasma [see 3336 of 1961
(Hirshfield & Brown)] is overcome by

using an interferometer in the 8-mm-A
region.
538.566: 537.56 3641

Electromagnetic Waves in a Bounded,
Anisotropic Plasma. K. A. Gral & M. P,
Bachynski. (Canad..J. Phys., July 1962, Vol.
40, No. 7, pp. 887-905.) A theorctical study
of the interaction of a plane ¢.m. wave with a
flat uniform free-space/plasma interface in a
static magnetic field. Values are listed of the

attenuation and phase constants {or cach of

the two possible waves in the plasma,

538.569.4: 535.853 3642

Use of Travelling-Wave Helices in
E.S.R. and Double Resonance Spectro-
meters. - R. H. Webb.  (Rev. sci. Instrum.,
July 1962, Vol. 33, No. 7. pp. 732 737.
‘The use of a travelling-wave helix for con-
centrating microwave ficlds is discussed.
with special attention to its application for
electron spin resonance and  Overhauser
effects.

538.569.4: 538.221 3643
Ferrimagnetic Resonance with Ortho-
gonal and Parallel Pumping.. R. M.
White & E. Schlémann.  (J. appl. Phys.,
Aug. 1962, Vol. 33, No. 8, pp. 2437 2438,
The threshold of nonlincar absorption duc
to unstable growth of certain spin waves is
calculated for the case of an r.f. field applied
orthogonally to the d.c. ficld. with another
r.f. field of twice the frequency simultan-
eously applied parallel to the d.c. field.

538.569.4: 538.222 3644

Magnetic Resonance with Strong
Radio-Frequency Fields in Solids. 1.
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Solomon & . Ezratty. (Phys. Rev., Ist July
1962, Vol. 127, No. 1. pp. 78 87.) Red-
field’s proposal of a spin temperature in the
rotating frame is verified independently of a
relaxation theory. The technique gives a
usable signal in solids for which the ordinary
absorption signal is almost undetectable.

538.569.4: 621.375.9: 535.61-15 3645

Infrared Spectroscopy using Stimu-
lated-Emission Techniques.—C. K. N.
Patel, W. R. Bennett, Jr, W. L. Faust &
R. A. McFarlane. (Phys. Rev. Lett., 1st Aug.
1962, Vol. 9, No. 3, pp. 102-104.) Optical
mascr oscillation has been obtained in each
of the noble gases; 14 transitions have been
observed in the wavelength range 1-5-2-2 .

538.569.4: 621.375.9: 535.61-15 3646

Optical Maser Emission from
Trivalent Praseodymium in Calcium
Tungstate.- .\. Yariv. S. . 8. Porto & K.
Nassau. (J. appl. Phys., Aug. 1962, Vol. 33,
No. 8. pp. 2519-2521.)

538.569.4: 621.375.9: 535.61-2 3647

Optical-Pumping Cavity Construc-
tion Technique.—R. . Hronik, R, C.
Jones & C. ). Bronco. (Rer. sci. Instrum..
July 1962, Vol. 33, No. 7, pp. 776-777.) A
technique for constructing elliptical reflectors
of any size by use of simple machine settings
is described.

538.569.4: 621.375.9: 535.61-2 3648

Optical Mixing of Coherent and
Incoherent Light.- A. W. Smith & N.
Braslau. (/B J. Res. Developm., July 1962,
Vol. 6, No. 3, pp. 361--362.) ‘The signal from
a ruby maser has been mixed with quite
broad and relatively weak spectral lines of a
mercury lamp. using a KDP erystal 0-6 cm
thick.

538.569.4: 621.375.9: 535.61-2 3649

Theoretical Considerations on Milli-
metrc-Wave Generation by Optical
Frequency Mixing.. ]. R. lontana &
R. H. Pantell. (Proc. Inst. Radio Iingrs, Aug.
1962, Vol. 50. No. 8. pp. 1796- 1800.) “T'he
conversion efficiency obtainable with difl-
crent types of nonlinear media is considered.
Nonlinear passive resistive clements may
have efficiencies up to 257, regardless of
frequency ratio, and a diode characteristic
would give optimum results.

538.569.4: 621.375.9: 535.61-2 3650
Microwave Photomixing of Optical
Maser Outputs with a p.i-n-Junction
Photodiode, - I1. Inaba & A. L. Siegman.
(Proc. Inst. Radio Ingrs, Aug. 1962, Vol. 50,
No. 8, pp. 1823 1824.) Lxperimental results
are given on the operation of a photodiode
as a mixer in an optical superheterodyne
system using microwave-modulated light.

338.569.4: 621.375.9: 535.61-2 3651

Optical Harmonic Frequency Ratio
Measurements. L. ). Abella. (Proc. Inst,
Radio Ingrs, Aug. 1962, Vol. 50, No. 8. pp.
1824 1825.)  Simultancous obscrvation of
the fundamental and second harmonic pro-
duced by a high-intensity ruby maser does
not indicate discrepancies in the expected
frequency ratio, within experimental limits
and allowing for purely instrumental shifts.

538.569.4: 621.375.9: 535.61-2 3652

Single-Sideband Suppressed-Carrier
Modulation of Coherent Light Beams.

-C. F. Buhrer, V. J. Fowler & L. R, Bloom.
Proc. Inst. Radio Engrs, Aug. 1962, Vol. 50,
No. 8, pp. 1827-1828.) The clectro-optic
effect of KDP crystals [see also 3430 of 1961
(Kaminow)] is used in the modulator des-
cribed, which has been tested at a.f, for
modulating the light produced by a gas laser.

538.569.4: 621.375.9: 535.61-2 3653

ATotal-Reflection Solid-State
Optical-Maser Resonator.— .. Bergstein,
W. Kahn & C. Shulman. (Proc. Inst. Radio
Fngrs, Aug. 1962, Vol. 50, No. 8, p. 1833.)
I'he configuration proposed uscs total inter-
nal reflection for the light beam in the
resonator and frustrated total reflection via
a coupling prism for the output coupling.
The system may be used to support two

mutually independent  resonance  waves
travelling in opposite directions.
538.569.4: 621.375.9: 535.61-2 3654

A Method for Calibration of Laser
Energy Output. A, L. Glick. (Proc. Inst.
Radio FEngrs, Aug. 1962, Vol. 30, No. 8,
p- 1835.) 'The energy output is calibrated
by attenuating the laser beam with neutral
filters and directing it into a phototube: the
current produced is then integrated.

538.569.4: 621.375.9: 535.61-2 3655

Generation and Radiation of Ultra-
microwaves by Optical Mixing. -O. P.
Gandhi. (Proc. Inst. Radio Engrs. Aug. 1962,
Vol 50, No. 8, pp. 1829-1830.) The non-
linear mixing system discussed provides for
the generation of the beat frequency between
lascr beams operating at different tempera-
ture, and for the highly directional radiation
of these microwaves.,

538.569.4: 621.375.9: 535.61-2 3656

Direct Observation of Longitudinal
Modes in the Output of Optical Masers.

R. C. Duncan, Jr, 7. ). Kiss & J. P.
Wittke. (/. appl. Phys.. Aug. 1962, Vol. 33,
No. 8, pp. 2568-2569. Modes  were
observed in U: CalFy and ruby masers with
a high-resolution  spectrometer. Mode
spacings arc in reasonable agreement with
theory,

GEOPHYSICAL AND
EXTRATERRESTRIAL PHENOMENA

523.16 3657

The Solar Wind.--E. N. Parker. (J.
Res. nat. Bur. Stand., Nov. Dec. 1961, Vol
6510, No. 6, pp. 537 542.) A concise review
of the theory ol interplanctary plasmas,
fields and cosmic-ray variations, based on the
solar-wind model of interplanctary dynami-
cal processes.

523.164 3658

A System of Digital Analysis for
Radio Astronomy using a Fully Steer-
able Telescope.—-C.. G. 'I. Haslam, J. G.
Davies & M. I, Large. (Mon. Not. R. astr.
Soc., June 1962, Vol. 124, No. 2, pp. 169-
178.)
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523.164 3659
Intense Shell Sources of Radio
Emission.—H. van der Laan. (Mon. Not.

R. astr. Soc., June 1962, Vol. 124, No. 2,
pp. 179-187.) Observational evidence for
the existence of shell sources is cited and
conditions under which such sources might
be formed arc outlined.

523.164.3 3660

A Survey of the Anticentre Region of
the Galaxy at 237 Mc/s. -R. ). Davies &
C. Hazard. (Afon. Not. R. astr. Soc., June
1962, Vol. 124, No. 2, pp. 147-154.)

523.164.3 3661

Faraday Rotation of Polarized Galac-
tic Radio Emission. —R. Wielebinski &
J. R. Shakeshaft. (Nature, lLond., 8th Sept.
1962, Vol. 195, No. 4845, pp. 982-983.)
Polarization measurements at 408 Mc/s of
radiation from certain areas of the sky have
revealed a small linearly polarized compo-
nent. Variations of the direction of the phase
of polarization of this component are found
to be related to the Faraday rotation angle of
the ionosphere. Outside the ionosphere its
direction tends to be perpendicular to the
galactic plane,

523.164.3 3662
10-cm Observations of Venus near
Superior Conjunction.—F. D. Drake.
(Nature, Lond., 1st Sept. 1962, Vol. 195, No.
4844, p. 894.) Results confirm carlier
observations in indicating little difference
between surface temperatures of the illumin-
ated and dark hemispheres of the planet.

523.164.3 3663

Measurements of the Polarization
and Angular Extent of the Decimetre
Radiation from Jupiter. -D. Morris &
G. L. Berge. (Astrophys. J.. July 1962, Vol.
136, No. 1, pp. 276-282.

523.164.3 3664

A Possible Explanation for Jovian
Decametre Bursts.—S. E. Strom & K. M.
Strom. (Astrophys. J., July 1962, Vol. 136,
No. 1, pp. 307-309.) Signals from weak r.f.
sources occulted by Jupiter are focused by
the Jovian atmosphere close to the earth’s
orbit. A correlation is shown between burst
length and the apparent speed of Jupiter
against the star background.

523.164.3 3665
Microwave Spectrum of Saturn.
F. D. Drake. (Nature, Lond., 1st Sept. 1962,
Vol. 195, No. 4844, pp. 893-894.) Results
of observations at 10 cm A on Saturn, com-
bined with those of Cook et al. (135 of 1961).
indicate that the cmissions are almost

entirely of thermal origin.

523.164.32 3666

Characteristics of Type III Radio
Bursts.—]. M. Malville.  (Astrophys. J.,
July 1962, Vol. 136, No. 1, pp. 266-275.)
Observations of the drift rate, duration, and
frequency range of Type 111 bursts between
580 and 8 Mc/s are discussed.

523.164.32 3667

Association of Centimetre-Wave
Bursts with Different Spectral Types
of Metre-Wave Bursts of Solar Radio
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Emission.—M. R. Kundu. (J. geophys. Res.,

July 1962, Vol. 67, No. 7, pp. 2695-2706.)

A statistical analysis is made of the charac-
teristics of cm-A bursts associated with
different spectral types of m-A burst in the
range 100-580 Mc/s.

523.165 3668

Some Features of the Response of
Neutron Monitors to Low-Energy Par-
ticles Incident on the Top of the Atmo-
sphere.—W. Wecbber. (Canad. .J. Phys.,
July 1962, Vol. 40, No. 7, pp. 906-223.
Comparison of primary particle {lux above
the atmosphere with that recorded by
neutron monitors at sca level shows that
low-energy primaries contribute more to sca-
level measurements than was previously
thought.

523.165 3669

Observation of the Van Allen Radia-
tion Regions during August and Sept-
ember 1959: Part 4—The Outer-Zone
Electrons.—R. .. Arnoldy, R. A. Hoffinan
& V. R. Winckler. (J. geophys. Res., Julv
1962, Vol. 67, No. 7, pp. 2595-2612.) A
report of Explorer V1 data obtained when
the count-rate time variations and the gco-

magnetic activity were low. Part 3: 1534
of May (Hoffman et al.).
523.165 3670

Forbush Decreases produced by Dif-
fusive Deceleration Mechanism in
Interplanetary Space. -H. Laster, A. M.
Lenchek & S. F. Singer.  (J. geophys. Res..
July 1962, Vol. 67, No. 7, pp. 2639-2643.
A Forbush decrease is explained in terms of
a diflusive deccleration mechanism in tur-
bulent interplanctary 1nagnetic plasma
clouds. Cosmic rays lose cnergy in an
inverse Fermi mechanism and by hetatron
action in the weakening magnetic field of an
expanding cloud.

523.165 3671

Detection of the Radiation Anomaly
above the South Region of the Atlantic
Ocean at Heights of 310-340 km.—
I.. V. Kurnosova, T. N. Kolobyanina, V. 1.
f.ogachev, L. A. Razorenov. 1. A. Sirotkin
& M. I. Fradkin. (Isk. Sput. Zemli, 1961,
No. 8, pp. 90-93. English translation, Planet.
Space Sci., Aug. 1962. Vol. 9. pp. 513-516.

523.165 3672

An Extremely Intense Electron Flux
at 1000-Kilometre Altitude in the
Auroral Zone. B. J. O'Brien & C. D.

Laughlin.  (J. geophys. Res., July 1962,
Vol. 67, No. 7, pp. 2667-2672.) An intense
flux of ‘dumped’ electrons at 1000 km

altitude was observed with Injun 1. No
variation in flux was detected by Explorer
XII at several carth radii on the same
magnetic shell.

523.165: 523.75 3673

Measurement of the Intensity of
Charged Particles after the Chromo-
spheric Flare of the 7th July 1958.
E. V. Gorchakov & G. A. Bazilevskaya.
(Isk. Sput. Zemli, 1961, No. 8, pp. 84 8.
English translation, Planet. Space Sci.. Aug.
1962, Vol. 9, pp. 507-50¢.) Satcllite data
showed a marked ionization increase between
the eruption and the subscquent magnetic
storm.

523.165: 523.75 3674

The Flux of Heavy Nuclei in the July
10, 1959, Flare.——S. Biswas. (.J. geophys. Res.,
July 1962, Vol. 67, No. 7, pp. 2613-2615.)
Emulsion mecasurements are given for the
range 150-500 NeV per nucleon.

523.165: 523.75 3675

The Measurement of the Cut-Off
Rigidity at Minneapolis using Solar
Protons and o Particles from July 10,
1959, Flare. I>. S. Freier. (J. geophys. Res.,
July 1962, Vol. 67, No. 7. pp. 2617-2626.)
The solar beam at Churchill (not aflected
gecomagnetically) is compared with the
magnetically controtled flux at Minneapolis.

523.165: 523.75 3676

Gamma Rays from the Solar-Cosmic-
Ray-Produced Nuclear Reactions in the
Earth’s Atmosphere and Lower Limit
on the Energy of Solar Protons observed
at Minneapolis. -P. . Bhavsar. (J.
geophys. Res., July 1962, Vol. 67, No. 7.
pp. 2627-2637.)

523.165: 550.38 3677
The Magnetic Field of the Quiet-Time
Proton Belt.—-S. 1. .\Akasofu, J. C. Cain &
S. Chapman. (J. geophys. Res., July 1962,
Vol. 67, No. 7, pp. 2645-2647. The
magnetic ficld of a madel proton belt, which
is analogous to that measured by Explorer
XIl. is computed numerically. The
equatorial magnetic field at the carth’s
surface due to this bett is about 38 y.

523.165: 550.385.4 3678

Geomagnetic-Storm Effects on
Charged Particles. ‘. Obavashi. (J.
Geomag. Geoelect.. 1961, Vol. 13. Nos. 1/2.
pp. 206-32.) ‘The change in geomagnetic
cut-off, for a model in which the magnetic
storm is equivalent to an impressed uniform
ficld, is calculated; it compares favourably
with observations of cosmic rays and iono-
spheric absorption.

323.165: 550.385.4 3679

Cosmic-Ray Threshold Rigidities
during the Magnetic Storm of November
12, 1960. -C.. j. Hatton & P. L.. Marsden.
(Phil. Mag., July 1962, Vol. 7, No. 79, pp.
1145 -1156.) During the storm the magnetic
threshold rigidity for particles reaching the
earth was lowered all over the world. “That
this reduction was anisotropic in longitude
is explained by streaming solar plasma
drawing out the geomagnetic lines of force
on the night side of the carth.

523.165: 551.59+.5 3680
Distribution in Space of the Earth’s
Outer Radiation Belt and the Auroral
Zones.—E. V. Gorchakov. (Isk. Sput. Zemli.
1961, No. 8, pp. 81 -83. English translation,
Planet. Space Sci., Aug. 1962, Vol. 9, pp.
503 -505.) The boundary of the belt and the
position of maximum intensity within it
located by satellite, indicate that outer-belt
particles are not the cause of aurorae,

523.5 + 551.594.5): 621.396.677 3681

Some Radar Observations of Meteors
and Aurorae at 300 and 500 Mc's using
a Large Radio Telescope. -1). Barber,
H. K. Sutcliffe & C. D. Watkins. (J. atmos.
terr. Phys., July 1962, Vol. 24, pp. 585-607.
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Part 1—Observations of Meteors (pp.
585--597).

Part 2—Observations of the Aurora
Borealis (pp. 399-607). The observations
were made with a high-power transmitter
installed on the Jodrell Bank 250-ft radio
telescope.

523.746.5 3682

A Quick Method for Estimating the
Stage of the Sunspot Cycle.—\V. B.
Chadwick. (J. Res. nat. Bur. Stand., Nov.
Dec. 1961, Vol. 65D, No. 6, pp. 637 -640.
The method given is based on the maximum
median hourly value of f,F2 for ecach month
as observed at Washington, D.C. Regression
equations and standard errors are also
included.
523.75 3683

The Solar Geophysical Events of
November 1960.--T. Obayashi. .
Geomag. Geoelect., 1961, Vol. 13, Nos. 1/2,
pp. 11-25.)

523.75: 523.165: 550.385.4 3684

Solar Magnetic Cloud Producing
Cosmic-Ray Storm, Magnetic Storm
and Type IV Solar Radio Outburst.—
Y. Kamiya. (J. Geomag. Geoelect., 1961,
Vol, 13, Nos. 1,2, pp. 33-41.) An analysis
of several years’ data shows that eruptions
on the sun accompanied by Type IV rf,
cmission are the cause of the cosmic-ray
storms at the earth. Mlagnetic storms are
greatest when produced by flares near the

sun's central meridian, but the intensity of

cosmic-ray storms is independent of the
heliographic longitude of the eruption.

530.37 3685

The Solar and Lunar Daily Variations
of Farth Currents Near the Magnetic
Equator. -R. Hutton, (J. atmos. terr. Phys..
Aug. 1962, Vol. 24, pp. 673 680.) One
conclusion from a detailed study of equa-
torial earth currents is that they are enhanced
by the clectrojet.

550.385.4 + 551.594.5 3686
On the Bennett-Hulburt Hypothesis
of the Origin of Magnetic Storms and
Aurorae.—V. C. A, Ferraro & D). M.
Willis,  (Astrophys. J., July 1962, Vol. 136.
No. 1, pp. 288-303.) A dctail=d analysis and
criticism of the Bennett-Hulburt hypothesis
126 of 1953). The currents in solar strecams
are shown to be scveral orders of magnitude
smaller than those of even minor magnetic
stormns.

550.385.4: 523.75 3687

Dependence of Interval between Flare
and Associated Suilden-Commencement
Storm on Prestorm Conditioas. N\, .
Haurwitz.  (J. geophys. Res., July 1962,
Vol. 67, No. 7, pp. 2979 2982., The time
delay between a sudden commencement and
its ‘parent’ flare is least for those s.¢’s which
have been preceded by high  magnetic
activity.

550.385.4: 523.75 3688

On the Choice of Condition to Apply
at the Boundary of the Geomagnetic
Field in the Steady-State Chapman-
Ferraro Problem.--J. R. Spreiter & B. R.
Briggs. (J. geophys. Res., July 1962, Vol. 67,
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No. 7, pp. 2983-2985.) A previous dis-
crepancy in the boundary condition applic-
able to the steady-state Chapman-Ferraro
problem is resolved, and an carlier paper
(1541 of May) is amended,

551.507.362.1/.2 3689
The Study of the Ionosphere and
Interplanetary Gas by means of Arti-
ficial Earth Satellites and Space Rockets
(Methods and some Results of Radio
Investigations).—Ya. L. Al'pert.  (Isk.
Sput.  Zemli, 1961, No. 7. pp. 125169,
English translation, Planet. Space Sci., July
1962, Vol. 9, pp. 391-433.) MNleasurements
made since 1953 by rocket and satellite
techniques are discussed. 49 references.

551.507.362.1 3690

A Review of Upper-Atmosphere
Rocket Research in Japan.—K. Macda
& K. Hiaro, (Planet. Space Sci., July 1962,
Vol. 9, pp. 355 369.) A description of the
launching facilitics, rocket equipment and
results of the current research program, with
a note on future plans.

551.507.362.2 3691

Satellite Orbit Perturbations due to
Radiation Pressure and Luni-solar
Forces. R. R. Allan. (Quart. J. Mech.
appl. Math., Aug. 1962, Vol. 13, Part 3,
pp. 283 301.) A vectorial mecthod is used
to determine the perturbations of the orbit
assuming that the perturbing body remains
fixed during one revolution of the satellite.

551.507.362.2 3692

The Influence of Lunar and Solar
Attraction on the Motion of an Artificial
Earth Satellite. A. V. LKgorova. (Isk.
Sput. Zemli, 1961, No. 8. pp. 4656, Lnglish

translation, Planet. Space Sci., Aug. 1962,
Vol 9, pp. 479 490.) T'he perturbations are
determined  using  Lagrange’s  planetary

equatiois and taking the orbit of the per-
turbing bdy as the reference plane.

551.507.362.2 3693

General Solution of the Problem of the
Motion of an Artificial Satellite in the
Normal Field of the Earth’s Attraction.

5. P. Aksenov, E. A, Grebenikov & V. G,
Demin.  (Isk. Sput. Zemli, 1961, No. 8, pp.
64-71. English translation, Planet. Space Sci.,
Aug. 1962, Vol. 9, pp. 491-498.) The
motion of a satellite in an oblate potential
field is studied using generalized co-ordinates
and lagrange’s equations of motion. The
method of an independent variable is used
for the integration.

551.510.535 + 523.164.32 3694

Scattering and Conversion Cross-
Sections in Inhomogeneous Plasma.
M. H. Cohen. (J. geophys. Res., July 1962,
Vol. 67, No. 7, pp. 2729-2739.) A gencral
scattering theory is developed for a magnetic-
ficld-frec plasma, allowing for both trans-
and longitudinal waves. Special
features of the cross-section formulae are
discussed and ionospheric incoherent-scatter
experiments and solar r.f. bursts are con-
sidered quantitatively.

Verse

551.510.535 3695
Corpuscular Heating of the Upper
Atmosphere. —H. K. Pactzold. (/. geophys.

Res., July 1962, Vol. 67, No. 7, pp. 2741-
2744.)  Satellite drag data are used to
examine the dependence of temperature on
solar activity. Two-thirds of the energy
influx originates from ultraviolet radiation
and one-third from interplanetary corpus-
cles.

551.510.535 3696

Upper Atmosphere Turbulence
Determined by means of Rockets.—
J. E. Blamont & C. de Jager. (J. geophys.
Res., July 1962, Vol. 67, No. 8, pp. 3113-
3119.) Paper presented at a symposium on
fundamental problems in turbulence, Mar-
seitles, $th-9th September 1961, "The results
discussed are based on investigations with
the aid of Na vapour trails at heights between
80 and 120 km.

551.510.535 3697
D-Region Ionization by Solar X-Rays.
I. G. Poppoll' & R. C. Whitten. (J. geophys.
Res., July 1962, Vol. 67, No. 7, pp. 2986-
2988.) By using the X-ray spectra reported
by Kreplin (4097 of 1961) it is shown that
X rays can make an important contribution
to ionization in the range 70-90 km, at least
during periods of sunspot maximum,

551.510.535 3698

Electron Cooling in the D Region.—A.
Dalgarno & R. J. Moffett. (Planet. Space Sci.,
July 1962, Vol. 9, pp. 355--369.) A theoreti-
cal treatment for N, and O, from which the
mean rate of electron energy loss is calculated
for gas temperatures in the range 100-
1 000°K.

551.510.535 3699

The Reflection Characteristics of a
Patchy Sporadic-E Layer.-]. ). White-
head. (.J. atmos. terr. Phys., Aug. 1962, Vol.
24, pp. 681-684.) An explanation is given
ol the insensitivity of f,E¢ and f,Ii; to gain
changes of an ionosonde: f L is the better
measure of the peak electron density in the
layer.

551.510.535 3700

The Thermal Balance of the Iono-
spheric F Region. -C. H. Cummack. (J.
atmos. terr. Phys., Aug. 1962, Vol. 24, pp.
691 699.) Heating of the F region by
ionizing radiation, and cooling by conduc-
tion and radiation, are considered. When
simplifications are made, the equations can
be solved to give the variation of temperature
with height and local time.

551.510.535 3701

Lunar Variations of Spread-F.—B. \'.
Krishnamurthy & B. R. Rao. (J. atmos. terr.
Phys., Aug. 1962, Vol. 24, pp. 742-743.)
Harmonic analysis of spread-F indices at
Waltair yields small lunar diurnal and semi-
diurnal components.

551.510.535 3702
Vertical Transport of Electrons
during Pre-sunrise F-Layer ‘Splitting’.
P. Bandyopadhyay & S. K. Chatterjee.
Indian J. Phys., March 1962, Vol. 36, No. 3,
pp. 124-128.) An extension of carlier work
(501 of 1960). The observed splitting of the
layer is associated with a strong upward
movement of the upper part of the layer and
also with low values of magnetic K-index.
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551.510.535 3703

Ionospheric Drift Measurement.—E,
Harnischmacher.  (Arch. tech. Messen, July
1962, No. 318, pp. 147-150.) Various

methods are summarized including those

based on fading, meteor echoes, and
fluctuations of noise from radio stars.
A51.510.535: 550.382 3704

Study of the Geomagnetic Anomaly
during Sunspot Maximum. (. S. R,
Rao. (/. atmos. terr. Phys., Aug. 1962, Vol.
24, pp. 729 737.) Critical-frequency and
N(h) data obtained for a number of stations
during September 1957 and March 1958 are
used to study the geomagnetic anomaly in
the F2 region,

551.510.535: 550.385 3705

Intensification of the Earth’s Mag-
netic Field by Turbulence in the Iono-
sphere. —H. K. Moffatt. (J. geophys. Res..
July 1962, Vol. 67, No. 8, pp. 3071 3073.
Paper presented at a symposium on funda-
mental problems in turbulence, Marseilles.
4th-9th September 1961, The problem of
tonospheric turbulence is treated for the case
of a large-scale weak magnetic field applicd
to the system. large fluctuations may arise
for magnetic Reynolds number > 1.

551.510.535: 551.594.5 3706

Electron Precipitation accompanying
Ionospheric Current Systems in the
Auroral Zone.—]. R. Bascus & R. R.
Brown. (J. geophys. Res., July 1962, \V'ol, 67,
No. 7. pp. 2673-2680.) Magnetic bays
developing out of quiet conditions are
examined to obtain information on current
systems. Links with the auroral morphology
of Davis (1570 of May) arc suggested.

551.510.535: 551.594.5 3707

Time, Height, and Latitude Distribu-
tion of D Layers in the Subauroral Zone
and their Relation to Geomagnetic
Activity and Aurora. -A. Pedersen. (/.
geophys. Res., July 1962, Vol. 67, No. 7.
pp. 2685 2694.) Observations of echoes in
the range 60-90 km at stations in northern
Sweden during disturbed periods.

551.510.535: 621.3.087.4 3708

Design of Panoramic Ionospheric
Recorders, —1.. H. Heisler & L. 1. Wilson.
(J. Res. nat. Bur. Stand., Nov./Dec. 1961,
Vol. 65D, No. 6, pp. 629-636.) Design
aspects are discussed and the technical data
of a transportable ionosonde are summarized
(sec 3709 below),

551.510.535: 621.3.087.4 3709

An Electronically Scanned Panoramic
Ionospheric Recorder.—-1.. 1). Wilson.
(Aust.J. appl. Sci., June 1262, Vol. 13, No. 2,
pp- 89-97.) Linear or logarithmic sweeps of
variable duration for the frequency range of
0-1-20 Mc/s or any part of that range may
be made. The transmitter which operates
normally at 5.5 kW I'db, has a sub-
sidiary amplifier to boost the output to
44 kW - 3 db, See 517 of February
(Heisler & Wilson).

551.510.535: 621,396.674.3 3710

The Impedance of a Short Cylindrical
Dipole in the Ionosphere. Bramley.
(Sce 3581.)
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551.510.535(98): 523.75 3711

Characteristics of Solar Energetic
Particles which Excite Polar-Cap Black-
outs. —K. Sinno. (J. Geomag. Geoelect., 1961,
Vol. 13, Nos, 1/2, pp. 1-10.) The association

of S and G types of p.c.a. event (see 2977 of

1961) with flare position, geomagnetic dis-
turbance and solar r.f. bursts is examined.

551.510.536 3712
‘Scale Frequency’ of the Exosphere.
R. L. Dowden. (Nature, Lond., 8th Sept.
1962, Vol. 195, No. 4845, pp. 984 985.
The parameter ‘scale frequency’ is defined
in terms of the whistler nose frequency and
the gyro-frequency. Applications to theo-
retical studies on a model or real exosphere

are noted.

551.594.5 3713
A Comparison of Auroral-Zone X-
Ray Observations from Periods with
Different Levels of Solar Activity,
R. R. Brown. (J. geophys. Res.. July 1962,
Vol. 67, No. 7, pp. 2681 -2684.) The com-

parison shows a decline in the frequency of

events with solar activity.

551.594.5: 523.165 3714
A Charge Separation Mechanism for
the Production of Polar Auroras and
Electrojets.—]. W, Kern. (J. geophys. Res..
July 1962, Vol. 67, No. 7, pp. 2649 2665.
Charge separation in the geomagnetically
trapped radiation is invoked to explain some
observed phenomena associated with polar
auroras and electrojet current systems,

551.594.5: 550.385.4 3715
Large-Scale Auroral Motions and
Polar Magnetic Disturbances: Part 2—
The Changing Distribution of the
Aurora during Large Magnetic Storms.
S. 1. Akasofu. (.J. atmos. ferr. Phys., Aug.
1962, Vol. 24, pp. 723-727.) During the
great magnetic storms of 23rd September
1957 and 11th February 1958 the northern
border of auroral activity moved southwards
leaving the usual region of most frequent
aurorac deserted. Part 1: 198 of 1961.

551.594.6 3716
A Further Note on Terrestrial
Extremely-Low-Frequency Propagation
in the Presence of an Isotropic Iono-
sphere with an Exponential Conduct-
ivity/Height Profile, —]. Galejs. (. geo-
phys. Res., July 1962, Vol. 67, No. 7. pPp-
2715-2728.) Various electron-density data.
particularly those relating to the night-time
ionosphere, are examined with reference to
the e.Lf. wave analysis of 147 of January.

551.594.6 3717
Duration and Spacing of Sferic
Pulses. —R. F. Linfield & C. A. Samson.
(Proc. Inst. Radio Engrs, Aug. 1962, Vol. 50,
No. 8, pp. 1841-1842. Report on an
analysis  of waveforms of atmospherics
recorded simultaneously at twe stations.

551.594.6: 539.16 3718

Sudden Enhancement of Atmospherics
associated with High-Altitude Nuclear
Explosions. M. K. Das Gupta & A. K.
Sen. (J. atmos. terr, Phys., Aug. 1962, Vol. 24,
pp- 739-740.) Atmospheric noisc records at
120 ke/s show sudden enhancement effects
associated with the Russian high-aliitude
nuclear explosions of 1961.

July 1962, Vol. 15, No. 3.

551.594.6: 551.510.536 3719

On the Origin of ‘Very-Low-Fre-
quency’ Emissions. -I1. Unz. (.. atmos.
terr. Phys., Aug. 1962, Vol. 21, pp. 685 689,
‘The magneto-ionic theory for drifting plasma
is applicd to the theory of the origin of v.Lf.
emissions. The frequency at which there will
be interaction, and possibly amplification,
between two different streams of electrons is
found. Physical phenomena are explained
by interaction between several streams of
clectrons of different plasma frequencey and
different velocity.

551.594.6: 621.391.82 3720
On the Spectrum of Terrestrial

Radio Noise at Extremely Low

Frequencies.—Racmer. (See 3848.

LOCATION

AND AIDS TO NAVIGATION

621.396.93.029.45 3721

The Use of V.L.F. Transmissions for
Navigation.—C. Powecll. (/. Inst. Naw.,
pp. 277-288.
Discussion.) A survey of proposed  v.Lf.
navigational aids, their cxpected perform-
ance and installation problems. The
accuracies required are discussed together
with other methods of providing the facilitics
needed for modern navigation.

621.396.932/.933:

621.391.812.63.029.45

Effects of the lonosphere on V.L.F.
Navigational Aids. -\W. T. Blackband.
(. Res. nat. Bur. Stand., Nov./Dec. 1961,
Vol. 65D, No. 6, pp. 575 580.) The
feasibility of basing world-wide navigational
aids on v.Lf. transmissions is discussed.
Preliminary  aircraft measurements  show
that fixes ohtained arc internally consistent
to within onc nautical mile at ranges between
5 000 and 6 000 miles.

3722

621.396.962.3 3723
The Echo/Noise Ratio Obtainable in
Radar by means of Pulse Compression.
V. Palermo : U. Tiberio. (Alta Frequenza.
April 1962, Vol. 31, No. 4. p. 235.) Com-
ment on 1581 of May and author's reply.

621.396.967.2: 621.396.65 3724
Radio-Relay Networks for the Elbe
and Weser Shore-Based Radar Systems.
H. ). Kramer. (Philips Telecommun. Rev.,

July 1962, Vol. 23, No. 3, pp. 130 -146.)

Radar signals are relayed in the 7-Ge/s band
from radar stations to operational centres.
Frequency-diversity reception methods are
used. See 1530 of 1961 (le Compte ot al.).

MATERIALS
AND SUBSIDIARY TECHNIQUES

535.215: 546.817-31 3725
Overshoot in Photoconductivity of
Lead Oxide. K. E. Haq. (/. appl. Phys.,
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Aug. 1962, Vol. 33, No. 8, pp. 2006--2612.)
Overshoot is due to build-up of space charge
in the bulk of the material. It is only
observed in the range —50 to +70°C.

535.37: 537.226 3726

Dielectric Anomalies in Zinc Sulphide
and Cadmium Sulphide Excited by
Light.—T. Fujimura & K. Kamiyoshi.
(Sci. Rep. Res. Inst. Tohoku Univ., Ser. .
Dee. 1961, Vol. 13, No. 6, pp. 466-476.)
Details of experiments on the Debye effect
in /nS phosphors and anti-Debye effect in
(:dS phosphors are given. Results are
interpreted in terms of a two-layer model

{162 of 1952 (Koops)].

537.227 3727

Domain Walls Caught in Sudarés in
Rochelle Salt Crystal. K. Ohi & 'I.
Nakamura. (J. phys. Soc. Japan. July 1962
Vol. 17. No. 7. p. 1195.)  Simultancous
observation of both sudarés and ferroclectric
domains under dircet and alternating ficlds
is reported.

537.227: 546.431°82+-31 3728
Some Observations on Switched
Single-Crystal Barium Titanate. ). S.

Campbhell.  (Phil. Mag., July 1962, Vol. 7,
No. 79, pp. 1157-1166.) Results are given
for various polarization states of an ctched
single crystal.

537.227: 546.431°82:4-31: 539.12.04 3729

Radiation Damage on BaTiO; Single
Crystal.—-S. Hayakawa & H. lkushima.
(J. phys. Sec. Japan, July 1962, Vol. 17,
No. 7, pp. 1198-1199.) Experimental note
on the effect of y irradiation.

547.227: 546.431'824-31: 539.23 3730

Electron-Optical Studies of Barium
Titanate Single-Crystal Films. M.
Tanaka. N. Kitamura & G. Honjo. (.J. phys.
Soc. Japan, July 1962, Vol. 17. No. 7.
pp. 1197--1198.)

537.227: 621.318.57 3731
Increase in Dielectric Constant during
Switching in Barium Titanate and
Triglycine Sulphate. -L. Fatuzzo. (/.
appl. Phys., Aug. 1962, Vol. 33, No. 8.
pp. 2588-2596. Measurements  at  fre-
quencics up to 2 Ge/s reveal two relaxation
levels, one previously measured by Landauer
et al. (3759 of 1956) and a new one at much
higher frequencies: 100 Me/s for triglycine
sulphate and above 2 Ge/s for BaTiO;.

537.228.1/.2 3732

Piezoelectric Properties of Triglycine
Sulphate. T. lkeda. Y. Tanaka & H.
Toyeda. (Jap. J. appl. Phys., July 1962,
Vol. 1. No. 1. pp. 13-21.) Induced piezo-
clectricity and  clectrostrictive  effects are
examined for temperature dependence, and
influence of irradiation.

537.228.1 3733
Rotating Disk of Piezoelectric Cry-
stals.—H. 8. Paub. (lust. J. appl. Sci.. June

1962, Vol. 13, No. 2, pp. 98-106.) The
mechanical  stresses  and  electric  field
developed in the disk are calculated.

537.228.1: 538.222 3734

The Generation of Microwave Phonons
for Studying the Spin-Lattice Inter-
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action.  P. 1. Carr & N W. P. Strandberg.
(J. Phys. Chem. Solids, July 1962. \ol. 23,
pp. 923-937.) Phonon packets were pro-
duced by the piczoelectric effect and their
interaction with paramagnetic impuritics in
quartz was studicd.

537.228.1: 549.514.51 3735

Higher-Order Temperature Coeffici-
ents of the Elastic Stiffnesses and Com-
pliances of Alpha-Quartz. R. Bechmann,
A. D. Ballato & T. J. Lukaszek. (Proc. Inst.
Radio Engrs. Aug. 1962, Vol. 50, No. 8,
pp- 1812-1822.) "The frequency /temperature
characteristics of A'U-, BT-, ('T-and D'T-cut
crystals are considered on the basis of new
caleulations of elasticity and temperature
cocflicients.  For German version see JAreh.
cleht. Ubertragung. June 1962, Vol. 16, No. 6.
pp. 307-313 (Bechmann',

537.228.2 3736
Investigations on Ceramic Electro-
strictive Materials as a Function of
their State of Polarization. K. Feher &
W. Schmidt. (Aecwtica, 1962, Vol. 12, No. 3,
pp. 173-179.  In German.) A method 1s
described for measuring the intrinsic energy
inherent in polarized ceramic materials. An
‘electrostriction constant’ is determined from
measurements on Ba'TiOj specimens.

537.311.32 3737
Electrons and Holes in Bismuth..
A. L. Jain & S. H. Koenig. (Phys. Rev.. 15th

July 1962, Vol. 127, No. 2. pp. 442446,

An examination of recent data shows that
there are three clectron ellipsoids and one
light-hole  ellipsoid in - momentum  space

for Bi.

537.311.33 3738

Quantitative Measurements of Semi-
conductor Homogeneity from Plasma
Edge. D). F. Edwards & P. D. Maker.
(J. appl. Phys.. Aug. 1962, Vol. 33. No. 8.
pp- 2466 2468.) This method based on the
position of the plasma cdge is an order of
magnitude more sensitive  than prey ious
ones. A\ demonstration with an InAs sample
is described.

537.311.33 3739
Dipole Scattering from Ion Pairs
in Compensated Semiconductors.— R.
Stratton.  (J. Phys. Chem. Solids, July 1962,
Vol. 23, pp. 1011 1017.)  Scattering cross-
sections for unsereened and sereened dipoles
are derived and compared with those for
point charges.  Llectron mobility is calcu-
lated for clectron scattering by dipoles only,
and the combined effects of dipoles, point
charges and vibrations are considered.

537.311.33 3740

Scattering of Charge Carriers from
Point Imperfections in Semiconductors.

T. Morimoto & K. Tani. (J. phys. Soc.
Japan. July 1962, V'ol. 17. No. 7. pp. 1121
1128.) A calculation of the scattering is made
wsing the Born approximation and taking
account of strain scattering due to point
defects. A considerable interference effect is
found between the Coulomb scattering and
the scattering due to lattice distortion. This
could explain the difference in electron
mobilities between Sh-doped and As-doped
Ge.

537.311.33 3741

Effect of Surface Recombination on
the Law of Decrease of Excess Minority
Carriers in a Semiconductor. —A.
Fortini. (J. Phys. Rad., May 1962, Vol. 23,
No. 5. pp. 273-276.) The total number of
excess carriers at a given time is computed
for optical excitation of a semi-infinite and
finite one-dimensional crystal.

537.311.33 3742

Space-Charge-Layer Width and
Capacitance of Symmetrical Step Junc-
tions. (.. C. Wang. (Proc. Inst. Radio Engrs.
Aug. 1962, Vol. 56, No. 8, pp- 1838--1839.
For step junctions the inductance effect
noted at high forward Dbias voltages is
associated with the drop of quasi-Fermi
Jevels in the neutral regions in which the
corresponding carriers are majority carricers.

537.311.33 3743

The Dielectric Constant of a Semi-
conductor as related to the Intrinsic
Activation Energy.C. F. Cole. ]Jr.
(Proc. Inst. Radio Engrs, Aug. 1962, Vol. 50.
No. 8, p. 1856.)

537.311.33: 519.4 3744

Group Theory and the Energy Band
Structure of Semiconductors.—A.
Nussbaum. (Proc. Inst. Radio Engrs, Aug.
1962, \V'ol. 50, No. 8. pp. 1762-1781.) The

concepts of group theory are explained and

applied to the determination of band
structure in Te.
537.311.33: 535.215 3745

Observation of Photovoltaic Oscil-
lations in Semiconductors.—1.. Gold.
(J. phys. Soc. Japan, July 1962, Vol. 17, No. 7,
p. 1193 A theory is given to explain
oscillations  observed by Kikuchi & Abe
2013 of June).

537.311.33:335.215 3746

Theory of Photoelectric Emission
from Semiconductors.—FE. O. Kanc.
(Phys. Rev., 1st July 1962, Vol. 127, No. 1,
pp- 131 141.) The variation of yield with
energy near threshold is found for a general
band structure, and for several production
and scattering mechanisms.  The distribu-
tions of the emitted carriers in energy and
direction are also calculated.

537.311.33: 537.228.1 3747

Current Saturation in Piezoelectric
Semiconductors. - R. W. Smith. (Phys.
Rev. Lett.. lst Aug. 1962, Vol. 9, No. 3,
pp- 87-90.)  Obscrvations of current satur-
ation in (:dS are reported. It is believed to
be due to saturation of the shift velocity of
clectrons.

537.311.33: 537.312.9 3748

Resistance of Elastically Deformed
Shallow p-n Junctions.—W. Rindner.
J. appl. Phys., Aug. 1962, Vol. 33, No. 8,
pp- 2479 2480.) The resistance of diffused
and alloyed junctions was found to be highly
sensitive to stress under both forward and
reverse bias.

537.311.33: 538.614 3749
Oscillatory Interband Faraday Rota-
tion and Voigt Effect in Semiconductors.
Y. Nishina, J. Kolodzicjczak & B. Lax.
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(Phys. Rev. Lett., 15th July 1962, Vol. 9,
No. 2, pp. 55-57.) Results of experiments
on thin Ge samples in fields up to 90 kG at
room temperature are shown graphically.

537.311.33: 538.614 3750

Faraday Effect in Semiconductors. —
L. M. Boswarva, R. E. Howard & A. B.
Lidiard.  (Proc. roy. Soc. A, 21st Aug. 1962
Vol. 269, No. 1336, pp. 125-141.) Calcu-
lations are carticd out on the Faraday
rotation in semiconductors due to four kinds
of clectron transition.  The dependence of
these on frequency is studied.

537.311.33: 538.63 3751

Galvano-thermomagnetic Effects in
Degenerate Semiconductors and Semi-
metals with Nonvarabolic Band Shapes:
Part 2—General Theory.- T. (.. Harman
& J. M. Honig. (.J. Phys. Chem. Solids, July
1962, Vol. 23, pp. 913-922.) A general
theory of galvano-thermomagnetic pheno-
mena has been derived for a band with
spherically symmetric energy surfaces. The
magnitudes of all 560 effects can be pre-
dicted from a small number of measurements.

537.311.33: 539.12.04 3752
Radiation Effects in Semiconductors.
G. Wertheim.  (Nucleonics, July 1962,

Vol. 20, No. 7, pp. 47-50.) The cffects of

irradiation are () ionization, which has a

temporary effect, and (4) displacements,

which cause perianent damage.

537.311.33: [546.28 + 546.289 3753

Diffusion of Vacancies during Quench-
ing of Ge and Si.—]. Mclngnilis & 8.
O'Hara. (/. appl. Phys., Aug. 1962, Vol. 33,
No. 8, pp. 2396 2601.) The concentrations
of vacancies trapped in growing Ge and Si
dendrites, and in Ge slabs cooled by radiation
are calculated. Dislocation loops are unlikely
to form in growing dendrites.

537.311.33: [546.28 + 546.289 3754

Transport Phenomena in Germanium
and Silicon.—G. E. Tauber. (.J. Phys. Chem.
Solids, Jan./Feb. 1962, Vol. 23, pp. 7-18.)
Matrix elements are calculated for warped
energy surfaces, such as occur in Ge or Si,
using the appropriate transition probabilities
derived by Ehrenrcich & Overhauser (1131
of 1857). The general results are applied 10
the evaluation of the transport quantities for
acoustic and optical scattering.

537.311.33: [546.28 + 546.289 3755

Diffusion of Interstitial Impurities in
Germanium and Silicon.—R. A. Swalin.
(J. Phys. Chem. Solids, Jan./Feb. 1962, Vol. 23,
pp. 154-156.) Treatment of diffusion
relative to the structure of the diamond
lattice, and the development of a semi-
empirical equation relating the activation
encrgies to properties of the solute.

537.311.33: 546.28 3756

Boron-Induced Dislocations in Silicon.

-D. P. Miller, J. E. Moore & C. R. Moore.
(J. appl. Phys., Aug. 1962, Vol. 33, No. 8.
pp. 2648-2652.) Effects of gradual increase
in B density in Si are described. At 8 x 1018
atoms c¢m™d, lattice stress is sufficient to
induce edge dislocation generation from loop
interaction.
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537.311.33: 546.28 3757

Diffusion of Phosphorus in Silicon
from the Azeotrope of Phosphorus
Pentoxide and Water. R. P. Lothrop.
(J. appl. Phys., Aug. 1962, Vol. 33, No. 8.
p. 2656.)

537.311.33: 546.28 3758

n-Type Conversion of Thermally
Oxidized Si Surface.-H. Edagawa, Y.
Morita, 8. Mackawa & Y. Inuishi. (/. phys.
Soc. Japan, July 1962, Vol. 17, No. 7. pp-
1190-1191.)  Results of measurements on
oxidized Si junctions suggest that n-type
conversion is due to imperfections at the
Si-8i(), interface or in the bulk of SiO, film.

537.311.33: 546.28 3759

Resistivity Changes in Quenched p-
Type Silicon.—W. H. Shepherd. (J. Phys.
Chem. Solids, Jan./Feb. 1962, Vol. 23, pp.
161-163.) Some observations on the effect
described by Kirvalidze & Zhukov (2669
of 1961).

537.311.33: 546.28 3760

Field-Effect Measurements on High-
Resistivity p Type Silicon.--I). Gerlich.
(J. Phys. Chem. Solids. July 1962, \'ol. 23,
pp- 837-842.) The distribution of the fast
surface states is found to vary with the
chemical treatment.

537.311.33: 546.28 3761

Changes in Silicon under Intensive
Bombardment with 50-keV to 100-keV
Electrons.—H. Hora. (Z. angew. Phys..

Jan. 1962, Vol. 14, No. 1, pp. 9 12.) A

change from n- to p-type material was
observed with a 50-keV beam of intensity
9 x 108 electrons/cm?  ‘This is attributed
to Frenkel defects caused by surface effects.
For results obtained with Si films, sec 1608
of May.

537.311.33: 546.28: 535.215 3762

Direct and Indirect Excitation Pro-
cesses in Photoelectric Emission from
Silicon.—G. W. Gobeli & F. G. Allen.
(Phys. Rev.. 1st July 1962, Vol. 127, No. 1.
pp. 141-149.)  Atomically clean surfaces,
with various degrees of sample doping, have
been studied.  The results indicate volume
excitation processes, both direct and indirect,
and agree with Kane’s theory (3746 above).
A direct escape depth for excited electrons
is determined.

537.311.33: 546.28: 535.215 3763
Work Function, Photoelectric
Threshold, and Surface States of Atom-
ically Clean Silicon.-—F, G. Allen & G. W.
Gobeli. (Phys. Rev., Ist July 1962, Vol. 127,
No. 1, pp. 150-158.) The results indicate
that the surface atom density and surface
state  density are almost cqual for all
available degrees of chemical doping.

537.311.33: 546.28: 621,391,822 3764

1'f Noise from Vacuum-Cleaned Sili-
con.—A. U. MacRae. (J. appl. Phys.,
Aug. 1962, Vol. 33, No. 8, pp. 2570-2572.)
Elimination of the slow surface states by
surface cleaning in high vacuum did not
appreciably affect the observed 1f noise.
The noise may be due to some process in the
space-charge region.

537.311.33: 546.289 3765

Direct Observation of Dislocation
Loops in Arsenic-Doped Germanium.
—G. L. Brock & C. V. Aliotta.  (IBM J.
Res. Developm.. July 1962, Vol. 6, No. 3.
pp. 372-374. Dislocation loops can be
produced casily in n-type Ge, the impurity-
vacancy interaction being important in their
formation.  loop formation does occur
during anncaling of bulk Ge.

537.311.33: 546.289 3766

Behaviour of Germanium in Gallium
Arsenide. -I.. J. Vicland & I Seidel.
(J. appl. Phys., Aug. 1962, Vol. 33, No. 8.
Pp- 2414 2415.) “The amphoteric behaviour
of Ge in GaAs has been studied quanti-
tatively for small variations in melt com-
position around the¢ maximum melting
point.”

537.311.33: 546.28Y 3767

Nuclear Spin-Lattice Relaxation Time
in Germanium.—B. J. Wyluda. (J. Phys.
Chem. Solids, Jan./Feb. 1962, Vol. 23, pp.
63-65.) Measurements were made on n-
type Ge samples of resistivity from 30 to
0-01 Q. em at 295°, 77-2 and 20°K.

537.311.33: 546.289 3768
Galvanomagnetic Properties of Grain
Boundaries in Germanium Bicrystals
from 1-25 to 240 K. ;. Landwehr & P,
Handler. (/. Phys. Chem. Solids. July 1962,
Vol. 23, pp. 891 906.) Hall effect, magneto-
resistance and  conductivity of wide-angle
grain boundaries have been measured,

537.311.33: 546,289 3769
Epitaxial Vapour Growth of Single-
Crystal Ge. -M. Takabavashi. Jap. J.
appl. Phys.. July 1962, Vol. 1, No. 1, pp.
22-29.) Perfect erystals are made by thermal
decomposition of Gel,.  The purity is
comparable to the best melt-grown Ge.

537.311.33: 546.289 3770

Recombination of Electrons and
Donors in n-Type Germanium: Part 2.

G. Ascarelli & S. Rodrigucz.  (Phys. Rev.,
Ist July 1962, Viol. 127, No. 1, pp. 167169,
The theory indicates that at liquid-He
temperatures impact recombination is more
important than the alternative mechanism
studied (a two-stage transition) for electron
concentrations greater than a given value.
For lower concentrations the reverse is truc.
Part 1: 1328 of April.

537.311.33: 546.289 3

Magnetic Susceptibility of Weakly
Interacting Donors in Germanium.
D. H. Damon & A. N. Gerritsen. (Phys.
Rer., 15th July 1962, Vol 127, No. 2, pp.
405--413.

537.311.33: 546,289 3772

Surface Storage and Recombination
of Carriers in Germanium between 90
and 300 K. K. H. Beckmann & D,
Geist. (Z. angew. Phys., June 1962, Vol. 14,
No. 6. pp. 352 358. ‘The results are
analysed  of conductivity and lifetime
measurements on n-type Ge rods of thickness
0-1 and 1-5mm and subjected to various
forms of thermal, mechanical and chemical
treatments.
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537.311.33: 546.289: 538.569.4 3773

Measurements of Relaxation Time
in Germanium by the Cyclotron
Resonance.—\. Fukai. [, Kawamura,
I. Imai & K. Tomishima. (J. phys. Soc.
Japan, July 1962, Vol. 17, No. 7, pp. 1191
1192.

537.311.33: 546.289: 539.23 3774

Effect of the Temperature of Form-
ation on the Crystallinity and Electrical
Properties of Germanium Films on
Fluorite.-—R. L. Schalla, I.. H. Thaller &
AL E. Potter, Jr. (J. appl. Phys.. Aug. 1962,
Vol. 33, No. 8, pp. 2554-2555.)

537.311.33: 546.48-31 3775
Semiconductivity and Thermoelectric
Power of Cadmium Oxide.- E. . l.ambs
& F. C. Tompkins. (Trans. Faraday Soc..
July 1962, Vol. 38, No. 7, pp. 14241438,
Wright's equations for fully degenerate semi-
conductors agree well with experimental
results, but Wagner's theory of conduction-

electron  concentration was irreconcilable

with  measurements  at  different oxygen

pressures.

537.311.33: 546.48°241 3776
Behaviour of Gold in Cadmium

Telluride Crystals.- . Teramoto & S,

Takayanagi. (J. phys. Soc. Japan. July 1962,
\Vol. 17, No. 7, pp. 1137 1141,)  The
experimentally determined diffusion coefhi-
cient for temperatures above 600°C is D
67 exp (2:0eNET) em®sect. Below
400°C, the observed eflects are explained by
a model involving the segregation of \u
atoms to dislocations.

537.311.33: 546 48’241 3777

Phase Equilibria in the System Cd-Te.
—\1. R. Lorenz. (J. Phys. Chem. Solids, July
1962, Vol. 23, pp. 939-947.) 'The results
provide a foundation for a basic investi-
gation of the semiconductor properties of

CdTe.

537.311.33: 546.681°18 3778

Some Electrical Properties of p-Type
Gallium Phosphide.—R. ]. Cherry &
J- WoAllen. (J. Phys. Chem. Solids, Jan./Feb.
1962, Vol. 23, pp. 163-165.) Results of
Hall-cffect and resistivity measurements are
discussed.

537.311.33: 546.681°18: 535.376 3779

Injection Electroluminescence at p-n
Junctions in Zinc-Doped Gallium Phos-
phide.—]. Starkiewicz & J. W. Allen.  (J.
Phys. Chem. Solids, July 1962, Vol. 23, pp. 881
884.) The cfiect on the spectrum of doping
with different amounts of Zn and O, is shown
and discussed.

537.311.33: 546.681°19 3780
Diffusion, Solubility and Electrical
Behaviour of Li in GaAs Single Crystals.
-C. S. Fuller & K. B. Wolfstirn. (./. appl.
Phys., Aug. 1962, Vol. 33, No. 8, pp.
2507-2514.)

537.311.33: 546.681°19 3781
Preparation and Characterization of
High-Resistivity GaAs.—R. W. Haisty,
E. W. Mchal & R. Stratton. (J. Phys. Chem.
Solids, July 1962, Vol. 23, pp. 829-836.)
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537.311.33: 546.681°19 3782

Recombination Radiation Emitted
by Gallium Arsenide.—R. J. Keyes &
'T. M. Quist. (Proc. Inst. Radio Engrs, Aug.
1962, Vol. 50, No. 8, pp. 1822 1823.)
Measurements of emitted radiation intensity
on diffused GaAs diodes biased in the forward
direction indicate that at 77 K the efliciency
in converting injected holes into photons of
energy close to the band gap may be as high
as 859 for these diodes.  Data on spectral
distribution and specd ol response for this
radiation are given.

537.311.33: 516.682°86 3783

Indium Antimonide—a Review of its
Preparation, Properties and Device
Applications.—K. F. llulme & J. E.
Mullin,  (Solid-State Electronics, July/Aug.
1962, Vol. 5, pp. 211--247.) Aspects of InSb
rescarch  are covered in which  physics,
chemistry and mietallurgy arve involved. 196
references.

537.311.33: 546.682°86: 539.23 3784

Annealing Effects in Evaporated InSb
Films.— i, B. Dale & G. Senccal. (J. appl.
Phys., Aug. 1962, Vol. 33, No. 8, pp. 2526-
2530.

537.311.33: 546.817°241 3785

Free-Carrier Absorption in p-Type
PbTe.- -H. R. Riedl.  (Phys. Rer., Ist July
1962, Vol. 127, No. 1, pp. 162- 166.) Infra-
red absorption at 4-28 p A was studied at
several temperatures insamples with different
carrier density. “There is additional absorp-
tion at intermediate wavelengths, compared
with that in n-type PbTe.

537.311.33: 546.87°24™22 3786

Anisotropy of the Electrical Con-
ductivity and the Seebeck Coefficient
of Bi,Te.S,. H. H. Soonpaa. (J. appl.
Phys., Aug. 1962, Vol. 33, No. 8, pp. 2542
2546.)

537.311.33: 546.873°241 3787

Effects of Heavy Deformation and
Annealing on the Electrical Properties
of Bi,Te,. ). M. Schultz, J. P. NMcHugh
& W, A, Tiller. (J. appl. Phys., Aug. 1962,
Vol. 33, No. 8, pp. 2443-2450.) Deformation
causing nonbasal slip in Biy'eg changes the
material from p- to n-type and reduces its
resistivity by forming an excess of negative
carriers.  Annealing eventually removes the
extra carriers and the material becomes p-
type again. A\ model is given to account for
the observed results.

537.312.62 3788

Critical Fields of Thin Supercon-
ducting Films: Part 1—Thickness
Effects.—A. M. Toxen.  (Phys. Rec.. 15th

July 1962, Vol. 127, No. 2, pp. 382- 386.

537.312.62 3789

Critical Field of Thin Superconduct-
ing Shapes. ). J. Hauser & L. Helfand.
(Phys. Rev., 15th July 1962, Vol. 127, No. 2.
pp. 386-390.

537.312.62 3790

Multiphonon Effects in Tunnelling
between Metals and Superconductors.
—J. M. Rowell, A. G. Chynoweth & J. C.
Phillips.  (Phys. Rev. Lett., 15th July 1962,
Vol. 9, No. 2, pp. 59-61.)

537.312.62 3791

Synthetic High-Ficld, High-Current
Superconductor..—C. P. Bean, M. \.
Doyle & A. G. Pincus. (Phys. Rer. Lettl.,
Ist Aag. 1962, Vol. 9, No. 3, pp. 93 94.
A note on the preparation and propertics of
a filamentary structure made by pressing
Hg into porous Vycor glass.

537.312.62 3792
Tunnelling into Superconductors.-
J. Bardeen. (Phys. Rev. Lett., 15th Aug. 1962,
Vol. 9, No. 4. pp. 147-149.) The usc and
justilication of the semiconductor model is
discussed in the light of the method of
deriving the tunnelling current of Cohen

et al. (2743 of August).

537.312.63 3793

Phenomenological Theory of Super-
imposed Films of Normal and Super-
conducting Metals.—D. H. Douglass, Jr.
(Phys. Rev. Lett., 15th Aug. 1962, Vol. 9,
No. 4, pp. 155-159.) A modification of
Cooper’s model (3475 of 1961) is proposed,
which removes certain inherent difficulties.

537.323: 546.863°873°241 3794

Lattice Parameters in the System
Antimony Telluride-Bismuth Telluride.
—W. R. Bekebrede & O. J. Guentert. (/.
Phys. Chem. Solids, July 1962, Vol. 23, pp.
1023- 1025.) Lattice spacings and unit cell
volumes were found over the complete range
of composition.

538.221: 538.569.4 3795

Nuclear Magnetic Resonance of Fe!’
in x - Fe,0,.— M. Matsuura, H. Yasuoka,
A. Hirai & 'T. Hashi. (.J. phys. Soc. Japan,
July 1962, Vol. 17, No. 7, pp. 1147-1154.)

538.221: 539.23 3796

Shape-Sensitive Uniaxially Magnet-
ized Domains in Ni-Fe Films.—-O. W.
Muckenhirn, M. H. Monnier & P. J.
Besser. (. appl. Phys., Aug. 1962, Vol. 33,
No. 8, pp. 2632-2635.) Properties of shape-
sensitive films and factors influencing their
production are described. A hypothesis
correlating these factors with the film proper-
ties is proposcd.

538.221: 539.23 3797

Domain Structure in Single-Crystal
Thin Films of Iron.—Y. Gondé. (J. Phys.
Soc. Japan, July 1962, Vol. 17, No. 7, pp.
1129-1136.) Obscrvations of the structure
of Fe films evaporated on to MgO) cleavage
surfaces are discussed.

538.221: 539.23 3798

The Temperature Dependence of the
Magnetization of Very Thin Iron Films.

H. Mayer & D. Stinkel.  (Naturwissen-
schaften, June 1962, Vol. 49, No. 12, p. 277.)
A note on mecasurements of saturation
magnetization as a function of temperature
in the range 180-590°K. on Fe films of
thickness 10120 A.

538.221: 539.23 3799

The Influence of the Manufacturing
Conditions on the Magnetic Properties
of Electrolytically Produced Permalloy
Films.—A. Politycki & H. Gotthard. (Z.
angew. Phys., June 1962, Vol, 14, No. 6,
pp. 363--365.)
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538.221: 539.23: 621.318.57 3800

Partial-Switching Processes in Thin
Magnetic Films.— W. Dietrich. (/BM J.
Res. Developm., July 1962, Vol. 6, No. 3,
pp. 368 -371.) The partial switching which
occurs when rapidly rising ficld pulses with
amplitudes just beyond the rotational thres-
hold are applied to the film, is ascribed to

inhomogencities.  An  unexpected  creep
cffect is also reported.
538.221: 621.318.12 3801

The Stability of Permanent Magnets.

H. Vial.  (FElektrotech. Z., Iidn B. 20th
Aug. 1962, Vol. 14, No. 17, pp. 467 468.
The demagnetization of alnico and  Ba-
ferrite permanent magnets due o tempera-
ture fluctuations and external fields can be
minimized by a process of artificial aging.

538.221: 621.318.134 3802

Square-Loop Ferrites containing
Cadmium. A, Braginski, W. Ciaston, ].
Kulikowski & S. Makolagwa. (Proc. Instn
elect. Engrs. Part B. Sept. 1962, Vol, 109,
No. 47, pp. 380-382.) A comparative
nvestigation of Nn ferrites containing (id
and Zn with or without additions of Mg,
‘The preparation of Cd ferrites may  be
facilitated by applying high oxygen pressure
at peak sintering temperature 1o reduce Cd
volatilization,

538.221: 621.318.134 3803

The Inclusion of «-Fe,0; in Mn Ferrite
Single Crystals and its Influence on
Dislocation Density. 1. Burger & 1.
Hanke. (Z. angew. Phys., Jan. 1962, Vol. 14,
No. 1, pp. 40-43.

538.221: 621.318.134: 538.569.4 3804

Observation of Domain-Wall Reson-
ances in Ferrimagnetic Oxides. .. L.
Boyd. J. 1. Budnick. L. J. Bruner & R. J.
Blume. (. appl. Phys., Aug. 1962, Vol. 33,
No. 8. pp. 2484 -2485.

538.222: 546.824-31 3805

A Study by Static Magnetic Tech-
niques of Rutile Single Crystals after
Various External Treatments. K. (.
Sriva\lava (Phys. Lett., 1st Sept. 1962,
Vol. 2, No. 3, pp. 143-144.) A note on the
effects ot thermal quenching, clectron bom-
bardment and X rays,

539.23: 546.487221 3806

Rectification and Space-Charge-
Limited Currents in CdS Films. J.
Dresner & F. V. Shallcross. S'oli(l—?lalz’
Electronics. July’Aug. 1962, Vol, 5. pp. 205
210.) The variation ()f(l(clnral properties
with different methods of preparation is
discussed.

539,232 3807

A Study of the Structure of Evapora-
ted Lithium Fluoride.—1). 5. Campbell,
D. J. Stirland & H. Blackburn. (Phil. Mag.,
July 1962, Vol. 7. No. 79, pp. 1099-1116.
A report of an investigation of the effect of
different cvaporation rates on the initial
stages of growth of a nonmetallic material.
Lil* deposits on carbon are in the form of
discrete crystalline islands.

548.0: 537.311.33 3808
Use of Modified Free-Energy
Theorems to Predict Equilibrium

Al76

Growing and Etching Shapes. R. ].
Jaccodine. (J. appl. Phys., Aug. 1962, Vol.
33, No. 8, pp. 2643-2647.) A construction
for equilibrium shape of an etching crystal
gives results in good agreement with those
obtained by experiment.

621.357.7: 539.23 3809
Method for Controlled Multicom-
ponent Sputtering. —W. R. Sinclair &
1. G. Peters.  (Rev. sci. Instrum., July 1962,
Vol. 33, No. 7, pp. 74+-746.) A method for
sputtering simultaneously from clectrically
independent electrodes is described,

MATHEMATICS

517.432.1:621.317 :621.372.5 3810

The Determination of the Input
Function for Linear Systems with
Known (Measured) Output Function.

L. G. Woschni, (Hochfrequenztech. . Ilektro-
akust., June 1962, Vol. 71, No. 3, pp. 110
114.) Application of operational calculus to
the problem of determining the true varia-
tion of a measured quantity from the output
function distorted by the transfer system
quadripoles.

517.941: 621.391.812.63 3811
The Nonsingular Embedding of
Transition Processes within a More
General Framework of Coupled Varia-
bles.—Heading. (Sec 3837,

MEASUREMENTS AND TEST GEAR

621.3.018.41(083.74

: 538.569.4

Ammonia Maser on the 3,2 Line as a
Frequency Standard: Part 1. K.
Shimoda & N. Kohno. (Jap. .J. oppl. Phys.,
July 1962, Vol. 1, No. 1. pp. 5 13.) Fre-
quency stability within a few parts in 10!
at 24 Ge/s is reported.

: 621.375.9 3812

621.3.018.41(083.74): 621.396.712 3813

World-Wide V.L.F. Standard-
Frequency and Time-Signal Broad-
casting.-—A. 1), Watt, R, W. Plush, W. W,
Brown & A. H. Morgan. (/. Res. nal. Bur.
Stand., Nov./Dec. 1961, Vol. 651), No. 6,
pp. 617-627.) Limitations in the stability
of received signals are discussed, including
path phase distortion. carricr-to-noise and
cnvelope delay variations, with regard to the

accuracy of clock synchronization and
frequency calibrations,
621.317.3: 538.632 3814

A New Technique for Measuring
Hall-Effect  Coefficient. H. Hamer.
(Semiconductor Prod., June 1962, Vol, 5, No.
6, pp. 35-36.) A general description of a
method which discritninates strongly against
ohmic drop and stray induced potentials.
An alternating magnetic field and constant
current are used.

621.317.331: 537.311.33 3815

Four-Point Probhe for Measuring the
Resistivity of Small Samples.—]. K.
Kennedy. (Rev. sci. Instrum., July 1962, Vol.
33, No. 7, pp. 773-775.) \(lcvnc(' is described
based on the method originally described by
Valdes (1502 of 1954) but modified to be
more suitable for small samples.

621.317.335.3 3816

A Method of Measuring Static Dielec-
tric Constant Especially of Materials
with Long Relaxation Times.—L. N.
Clarke. (Aust. J. appl. Sci.. June 1962, Vol.
13, No. 2, pp. 81 -88.) The method is based
on the measurement of charge using a high-
gain d.c. amplifier connected as an inte-
grator.  'The measurement time can be
extended 1o several hours by using the
integrator as a null detector of charge.
Typical curves of charge and discharge as a
function of time are given for four types of
capacitor,

621.317.335.3: 621.372.413 3817

Modified Method of Measuring Di-
electric Constants.——]. K. Sinha. (/.
Instn Telecommun. Engrs, India. March 1962,
Vol. 8, No. 2, pp. 93-102.) A modification
to a method developed by Sinha & Brown
(664 of 1961) permits measurements to be
made on samples of length <<A/2,

621.317.337: 621.372.413 3818

A Technique for the Measurement of
Q. J. K. Sinha & S. Sundaram. (J. Insin
Telecommun, Engrs, India, Nlarch 1962, Vol. 8,
No. 2, pp. 79-82.) Consistent and reliable
measurements of Q-factors of the order of
20 000 have been made on X-band cavity
resonators by observation at an i.f. of about
30 Ne's.

621.317.352.029.6: 621.372.852.3 3819
An Absolute Microwave Attenuator.
P. F. Mariner.  (Proc. Instn elect. Ingrs,

Part B, Sept. 1962, Vol. 109, No. 47, pp.

415-419.) "The construction and method of

operation  of a  rotary attenuator are

described, and the errors that may arise in
its use are analysed.  Results are given for

a 3-cm-A attenuator which has been com-

pared with a precision piston attenuator

operating at 60 Mec's,

621.317.382: 538.63 3820

Sensitivity of a Magnetoresistance
Wattmeter.— S, Kataoka. (I’roc. Inst. Radio
Engrs, Aug. 1962, Vol. 50, No. 8, pp. 1849
1850.) A comparison is made between the
magnctoresistance device (1657 of May) and
a Hall-effect wattmeter,

621.317.44

Highly Sensitive Static Magnetic
Field Detector.--1D. |. Dumin. (Proc. Inst.
Radio Engrs, Aug. 1962, Vol. 50, No. 8,
p. 1825.) The operation of the detector

3821

described is based on the diamagnetic
properties of superconductors.
621.317.7: 535.215 3822

Apparatus for Measuring the Tem-
perature Dependence of Photo-Hall
Effects in High-Resistivity Photocon-
ductors.-—H. E. MacDonald & R. H. Bube.
(Reuv. sci. Instrum., July 1962, Vol. 33, No. 7,
pp. 721-723.) A description of apparatus
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for the measurement ol the lHall eflect in
illuminated samples with mobility as low as
0-1 cm?/V scc, over the temperature range

77-450° K.

621.317.7: 621.391.822 3823

Standard Noise Sources. . A. H.
Hart.  (Philips tech. Rev.. 25th Jjuly 1962
Vol. 23, No. 10, pp. 293 309.) Ruesistor,
saturated-diode and gas-discharge sources
are discussed. The most suitable frequency
ranges for cach type are considered.

621.317.733.029.64: 538.569.4 3824

A Microwave Bridge with Super-
heterodyne Reception for Electron-Spin-
Resonance Measurements in the X
Band. H. Seidel. (Z. angew. Phys.. Jan.
1962, V'ol. 14, No. 1. pp. 21- 22

OTHER APPLICATIONS OF
RADIO AND ELECTRONICS

3825
Theory in

621.362: 621.387

Extended-Space-Charge
Low-Pressure Thermionic Converters.
—_R.G. Mclntyre. (. appl. Phys., Aug. 1962,
Vol. 33, No. 8, pp. 2485 2489.) An analysis
is given of the low-pressure Cs-filled plasma
diode.

621.362: 621.387 3826

Origin of the Oscillations in a Low-
Pressure Thermionic Converter. .
Mazur, (J. appl. Phys., Aug. 1962, Vol. 33.
No. 8, p. 2653.) By intcgrating the \lasov
equation, it is shown that the stationary

states previously believed to be the cause of

small current oscillations, do not exist in just
that region of the /'V characteristic where
the oscillations are observed.

621.362: 621.387.143 3827
The Direct Conversion of Heat into
Electrical Energy by means of Rare-
Gas-Filled Thermionic Valves. —W.
Bloss. (Z. angew. Phys., Jan. 1962, Vol. 14,
No. 1, pp. 1-9.) Description of a thermionic
converter based on the plasmatron principle
le.g. 1108 of March (Pfender & Bloss)].

621.375.9: 621.372.4++: 621.313.13 3828

Parametric Machines.—D. |J.
Hanrahan : H. E. Stockman. (Proc. Inst.
Radio Engrs. Aug. 1962. Vol. 50, No. 8,
pp. 1844-1845.) Comment on 2751 of 1961
and author’s reply.

621.385.833 3829
An Arrangement for the Magnetiza-
tion of Objects in Electron Microscopes.
L. Fuchs & W. Liesk.  (Optik, Statgart,
June 1962, Vol. 19. No. 6, pp. 307-310.
The method described facilitates the investi-
gation of magnetic structures in the presence
of external fields and incorporates a system
of automatic compensation for the image
movement due to the magnetic field changes.

621.385.833 3830

Display Method for the Investigation
of Ceramic Surfaces by Electron Micro-
scope.— E. Sterk, M. Tardos & \'. Szanto.
(Naturwissenschaflen, June 1962, \Vol. 49,
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No. 12, pp. 277-278.) The method described
is suitable for the investigation of the fine
structure of ferrite surfaces.

621.385.833 3831

The Optimum Resolving Power of
the Electron Microscope. -M. L. De.
(Naturwissenschaften.  July 1962, Vol 49,
No. 13, pp. 296-297.  In English.) A
modified expression for minimum spherical
aberration is discussed.

621.385.833 3832
Change of the Electron-Microscope

Image Contrast at the Transition
Amorphous-Crystalline and Liquid-
Crystalline. - 1. Reimer. (Natunwissen-

schaften, July 1962, Vol. 49. No. 13, pp-
297-298. Possible applications of the
contrast changes are suggested with reference
1o results obtained with In.

621.387.462: 537.311.33 3833
Semiconductor Nuclear Radiation
Detectors. (i, Dearnaley, (/. Brit. Instn

Radio Engrs. Aug. 1962, Vol. 24, No. 2, pp.
153 170.) ‘T'he mode of operation. methods
of preparation and characteristics of various
detectors are deseribed, together with the
requirements for pulse amplification. 70

references.

PROPAGATION OF WAVES

621.391.812.3 5834
Transit-Time Fluctuations of Waves.
R. S. Brown. (J. atmos. terr. Phys.. Aug.

1962, Vol. 24, pp. 669 671.) An evaluation

of the mean square value of the fluctuation

of transit time about the average caused by
inhomogeneities of refractive index.

621.391.812.623 3835
Obstacle Gain and Shadow Loss.
G. . Grenier.  (Micrmeave J., July 1962
Vol. 5, No. 7. pp. 60 69.) A practical
method of determining path losses 1o within
several db is given, using simple ‘knife-edge’

analysis as the first approach.

621.391.812.63 3836

Study of Radio Wave Propagation in
Sweep-Frequency Pulse Transmission
Tests in Japan.- Y. Aono. (J. Radio Res.
Labs, Japan, Narch 1962, Vol. 9. No. 42,
pp- 125 200, The experimental procedure.
observational results and analysis for propa-
gation paths of 1 090 and 1 840 km are given,
\'ertical-incidence  soundings were  made
simultancously with the oblique measure-
ments.

621.391.812.63: 517.941 3837
The Nonsingular Embedding of
Transition Processes within a More
General Framework of Coupled Vari-
ables. . Heading. (J. Res. nat. Buo. Stand..
Nov. Dee, 1961, Vol 63D, No. 6, pp. 595
616.) Mathematical treatment of reflection
and coupling processes for plane c.m. waves
propagated in an inhomogencous horizon-
tally stratificd anisotropic ionosphere.

621.391.812.63: 551.510.535: 523.75 3838
The Effect of a Solar Flare on the
Frequency of High-Frequency Ground

Back-Scatter.-G. H. Barry & P. R,
Widess. (.. geophys. Res., July 1962, Vol. 67,
No. 7, pp. 2707 2714.)  Fixed-azimuth
back-scatter radar equipment operating at
25 Me's was used 1o investigate the iono-
spheric cffects of a Class 2 flarc.  The
observed sudden frequeney shift of ground
back-scatter is attributed to a rapid change
in ionization density in a nondeviative layer
40 100 km thick.

621.391.812.63.029.45,.51 3839

Ionospheric Reflection Processes for
Long Radio Waves: Part 3.~ B. S
Westeott. (. atmos. terr. Phys., Aug. 1962,
Vol, 24, pp. 701 713.)  Tormulac derived
earlier arc applied 1o the case of sech?
ionospheric profile, and the results are com-
pared with those previously obtained for an
exponential profile. Part 2: 3497 of October.

621.391.812.63.029.45 3840

Attenuation Coefficients for Propaga-
tion at Very Low Frequencies (V.L.F.)
during a Sudden Ionospheric Disturh-
ance (S.I.D.). L. T. Picrce. (/. Res. nat.
Bur. Stand.. Nov. Dec. 1961, Vol. 65D, No.
6. pp. >3 516, Atmospheric-noise records
for the frequency range 3-5 50 ke's are
analysed. The onset of s.i.d. conditions has
little effect on attenuation between about
12 and 20 ke's, but causes a decrease in
attenuation above this range and a pro-
12 ke's. An im-
noise  recorder s

nounced inercase below
proved aunospheric
proposed which is capable of discriminating

between  source effects and  propagation
influences.
621.391.812.63.029.45 3841

Magneto-ionic Duct Propagation
Time (Whistler Mode) versus Geomag-
netic Latitude at 4kes.- (. V. Green-
man. (Proc. Inst. Radio Engrs. Aug. 1962,
Vol. 50, No. 8, p. 1852.) Simplified analysis
showing that a graph of the propagation
time as a function of geomagnetic latitude
of origin may have a flat portion or one of
negative slope.

621.391.812.631 3842

Very-Low-Frequency Effects from the
November 10, 1961, Polar-Cap Absorp-
tion Event. - 11, F. Bates. (J. geophys. Res.,

July 1962, Vol. 67, No. 7. pp. 2745 2751.)

Changes in amplitude and phase are ob-
served on the polar v.LE transmission from
Rugby, U.K., to College, Alaska.

621.391.814.2 3843

Propagation of Electromagnetic Step
Functions over a Conducting Medium.

P. E. Mijnarends. (J. appl. Phys.. Aug.
1962, Vol. 33, No. 8, pp. 2356 2564.) “A
theoaretical treatment s presented of the
hehaviour of various components of  the
clectromagnetic field generated by a hori-
zontal electrie dipole, embedded in a homo-
geneous conducting half-space, and excited
by a step-lunction current.”

RECEPTION

621.396.621: 534.76 3844
Simple Decoders (Adaptors) for Use
with the F.C.C. Stereo V.H.F. Broad-
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casting System.-G. 1). Browne. (Mullard
tech. Commun., Aug. 1962, Vol. 6, No. 59,
pp- 360-367.) T'wo simple types of decoder
operating from the discriminator of a normal
f.m. receiver are described in which low-
and high-pass filters arc avoided.  For a
similar description sce HWireless World, Oct.
1962, Vol. 68, No. 10, pp. 487 491.)

621.396.666: 621.396.65 3845

A Method of LF. Switching for a
Microwave Diversity System.--1). R.
Bester. (J. Brit. Instn Radio Iingrs, Aug. 1962,
Vol. 24, No. 2, pp. 171--179.) High-speed

diode switches operating at the i.f. of
70 Mc/s are used.
621,391.8: 621.372.632: 621.372.44 3846

Parametric-Converter Performance
on a Beyond-the-Horizon Microwave
Link.--]. Harvey. (lLlect. Commun., 1962,
Vol. 37, No. 3, pp. 230-237.) A report of
comparative mecasurements on noise and
error rate over a quadruple-diversity link of
the White Alice system equipped with two
parametric and two normal receivers.

621.391.812.3 3847

Distribution of Echo Amplitudes
from an Undulating Surface. -J. D.
Whitehead. (J. atmos. terr. Phys., Aug. 1962,
Vol. 24, pp. 715 721.) The amplitude
distribution is calculated for waves reflected
at normal incidence from a reflector whose
curvature has a Gaussian distribution.
Application to s.w. radio communication is
briefly discussed.

621.391.82: 551.594.6 3848

On the Spectrum of Terrestrial Radio
Noise at Extremely Low Frequencies.
—H. R. Raemer. (J. Res. nat. Bur. Stand.,
Nov./Dec. 1961, Vol. 65D, No. 6, pp. 581
593.) A theory of the radio-noise frequency
spectrum is presented and the results arc
compared with those of measurements of the
spectrum given in 688 of 1961 (Balser &
Wagner). Sce also 2985 of 1961,

621.391.821 3849
Reliability of Atmospheric Radio
Noise Predictions.-J. R. I{erman. (J.
Res. nat. Bur. Stand., Nov. Dec. 1961, Vol.
63D, No. 6, pp. 365 574.) Mleasured noise
values at five frequencies between 0-013 and
10 Mc/s obtained at four measuring stations
are compared with C.C.1LR. predictions.
Reasons for discrepancies are discussed.

621.391.821 3850

Atmospheric Radio Noise Studies
based on Amplitude-Probability
Measurements at Slough, England,
during the Intermational Geophysical
Year. (. Clarke. (Proc. Instn elect. Engrs,
Part B, Scpt. 1962, Vol. 109, No. 47, pp.
393-404.)  Measurements of amplitude-
probability distributions in a power band-
width of 370 ¢/s are presented for frequencies
of 24 and 135 ke/s, and 11 and 20 Mcs.
Diurnal and scasonal variations of noise
power and average value of the noise
envelope are derived, and measured values
of noise power are compared with C.C.LR.
predictions.
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STATIONS .

AND COMMUNICATION SYSTEMS

621.396.43: 551.507.362.2 3851
An Interconnecting Telecommunica-
tion Network using Stationary Satellites.
—P. Deman & P. Chavance. (Rev. tech.
Comyr.  frang. Thomson-Houston, June 1962,
No. 36, pp. 742.) Specially designed
modulation techniques are suggested 1o
simplify the ground stations required.

621.396.65.029.64 3852

Research on Radio Relay Systems
having a Very High Transmission
Capacity (2 700 Telephone Channels or
the Egquivalent).--F. Carassa. (Alta
Frequenza, Feb. 1962, Vol. 31, No. 2, pp.
82-95. In English.) Report on design
studies and experimental investigations for
a telephony and television relay system
operating at 6 Gg/s.

621.396.712: 621.3.018.41 (083.74 3853

World-Wide V.L.F. Standard-
Frequency and Time-Signal Broadcast-
ing.—Watt, Plush, Brown & Mlorgan.
(See 3813.)

621.396.74.029.62(43) 3854
V.H.F. Transmitters ia the German
Federal Republic and the Soviet-
Occupied Zone.— (Rundfunktech.  AMitt.,
June 1962, Vol. 6, No. 4, pp. 176-179.)
Lists and a map of transmitter locations give
the position as at Ist April 1962. For similar
data on short-wave and long- and medium-
wave transmitters see tbid., pp. 180--184.

621.396.97: 534.76 3855
Stereophonic Broadcasting Systems.
G. D. Browne. (Mudlard tech. Commun.,

Aug. 1962, Vol. 6, No. 59, pp. 346--359.)
Part 1—The Mullard Systern (pp. 346—

354).

Part 2—The F.C.C.. System (pp. 355

359).

SUBSIDIARY APPARATUS

621.314.63 3856

Impedance and Rectifying Character-
istics of Silicon p'n Junctions with
Surface Inversion Layer.- (). jJantsch.
(Solid-State Electronics, July Aug. 1962, Vol.
5, pp. 249-259. In German.) Impedance
measurements have been made on three

rectifiers prepared from p-type material of

different resistivity.  The thickness of the
space-charge region and the channel con-
ductivity are determined from the equivalent
circuit. and the total surface charge and the
surface potential are calculated.

“ TELEVISION
AND PHOTOTELEGRAPHY

621.397.62:621.396.67:621.396.621.22 3857

Communal Aerials for Television
Reception in Adjacent Channels.
Licht. (Sece 3576.)

621.397.7(43) 3858
The Television Networks of the
German Federal Republic and the
Soviet-Occupied Zone.— (Rundfunktech.
M, June 1962, Vol. 6, No. 4, pp. 157 175,
Tabulated data on television transmitters as
at Ist April 1962, with maps showing their
location and that of television links.

VALVES AND THERMIONICS

621.382: 539.12.04 3859

Radiation Effects in Semiconductor
Devices. J. W. Easley. (Nucleonics, July
1962, Vol. 20, No. 7, pp. 51- 56.) The eilects
of radiation described in 3752 above alter
the characteristics of semiconductor devices.,
Itlustrative examples are given.

621.382: 539.23

Current Voltage Characteristic of
Tunnel Junctions. H. I>. Knauss & R. A,
Breslow. (Proc. Inst. Radio Fngrs, Aug. 1962,
Vol. 50, No. 8, p. 1834.) Note on a hysteresis
effect in the /) characteristics observed in
an Al-ALO,-Cu junction at room tempera-
ture.

3860

621.382.2 3861

The Characteristics of a Semicon-
ductor p-n Junction at High Current
Densities. -E. Rocher. (Z. angew. Phys.,
June 1962, Vol. 14, No. 6, pp. 347-332.)
The static and dynamic characteristics of a
Ge diode are obtained and the results
analysced with reference to Stafeev’s theory
(c.g. 1417 of 1960). At high current levels
the forward inductance is suddenly reduced
which results in a negative-resistance section
of the dynamic characteristic.

621.382.23 3862

A Two-Term Analytical Approxima-
tion of Tunnel-Diode Static Character-
istics.-—A\. Ferendeci & W. H. Ko. (Proc.
Inst. Radio Engrs, Aug. 1962, Vol. 50, No. 8,
pp. 1832 1853. A simple  two-term
exponential approximation is given and its
accuracy 1s determined in comparison with
actual characteristics.

621.382.23 3863

Simple Method for Calculating the
Tunnelling Current of an Esaki Diode.
—]J. Karlovsky. (Phys. Rev., 15th Julv 1962,
Vol. 127, No. 2, p. 419.) Assuming that the
distances between the Fermi level and the
band edges £, and E, on both sides of the
junction do not exceed 2k T, the Fermi func-
tion is approximated by a straight linc.

621.382.23

Reversible Degradation Effects in
GaSb Tunnel Diodes.—W. N. Carr.
(Solid-State Flectronics, July Aug. 1962, Vol.
5, pp. 261 -263.) Degradation effects are
measured and discussed in relation to a
theory of diffusion of impurities | Trans. Inst.
Radio Fngrs, Sept. 1961, Vol. ED-8. No. 5,
p- 428 (Gold & Weisberg)].

621.382.23 3865
InSb Diodes with Normal Barrier
Capacitance.— M. T. Minamoto & (. M.

3864
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Allen. (Solid-State Electronics, July Aug. 1962,
Vol. 5, pp. 263-266.) Results arc presented
which show better agreement with normal
theory than those of l.ee & Kaminsky (622
of 1961).

621.382.23 3866

Pressure Dependence of the Charac-
teristics of InSb Esaki Diode. Y.
Omura & M. Wakatsuki, (J. phys. Soc. Japan,
July 1962, Vol. 17, No. 7, pp. 1207-1208.
Characteristics of InSb tunnel diodes arc
mecasured athydrostatic pressuresup to 11 000
kg cm2,

621.382.23: 537.533.7 3867

Electron-Beam Microanalysis of
Germanium Tunnel Diodes.—M. 1.
Nathan & S. H. Moll.  (IBM J. Res.
Developmn., July 1962, Vol. 6, No. 3, pp. 375
377.) Small regions of solid specimens are
excited by a finely focused beam of high-
energy clectrons. An X-ray spectrometer is
used to observe the characteristic emission
lines of the atoms in the sample. Results of
a quantitative analysis of impurities in tun-
nel diodes are given.

621.382.23: 539.12.04 3868
Neutron Irradiation of Zener Diodes.
J. K. D. Verma. (J. phys. Soc. Japan,

July 1962, Vol. 17, No. 7, p. 1203.) Irradia-

tion apparently aungmented both field

cmission and avalanche breakdown effects.

The changes produced in the diode charac-

teristic are illustrated.

621.382.23: 621.318.57 3869
A Broad-Band Ku Crystal-Diode
Switch. K. W. Beck & J. J. Rowley. (Proc.
Inst. Radio Engrs. Aug. 1962, Vol. 50, No. 8,
pp. 1847 1848.) The switch described can
operate in the frequency range 12-17 Ge/s
with a minimum bandwidth of 2 Gc/s.

621.382.3 3870

The Static Characteristics of Transis-
tors.-—E. Kohler & H. G. Schulz. (Nachr-
Tech., May-July 1962, Vol. 12, Nos. 57,
pp. 168- 172, 218 221 & 266-271.) Sum-
mary of the main results of theoretical and
experimental investigations of the static
characteristics of transistors, including opera-
tion outside the normal working range.

621.382.3: 621.317.6] 3871
The Measurement of the Character-
istics of Transistors: Parts 1-3.—R.
Paul. (Nachr Tech., May- July 1962, Vol. 12,
Nos. 5-7, pp. 163-167, 213--217 & 260-265.)
A series of papers reviewing measurement
techniques, with numerous references.

621.382.323 3872
Thermal Noise in Field-Effect Trans-
istors.—A. van der Ziel. (Proc. Inst. Radio
Engrs. Aug. 1962, Vol. 50, No. 8, pp. 1808
1812. The noise figure of field-effect
transistors is governed by thermal noise of
the conducting channel. Expressions are
derived for the equivalent output noise

generator and  for the equivalent noise
resistance of the device.
621.382.323 3873

Silicon Field-Effect Transistor with
Internal Epitaxial Channel.—-G. C.
Onodera, W. J. Corrigan & R. M. Warner,
Jr. (Proc. Inst. Radio Engrs, Aug. 1962, Vol.
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50, No. 8, p. 1824.) A technique for the
fabrication of field-eflect devices is described
which meets the requirements of good
reproducibility.

621.382.333.3 3874

Dynatron-Type Negative Resistance
Observed in the Collector-Voltage Satu-
ration Region of the Junction Transis-
tor.- (). Nakahara. (Jap. J. appl. Phys.,
July 1962, Vol. 1, No. I, pp. 30-40.)
Experimental results are compared with
theoretical calculations, assuming appreci-
able conductivity modulation of the base
resistance in the saturation region, and with
similar phenomena in field-eflect transistors.

621.382.333.4 3875

Inductance from a Field-Effect
Tetrode.- 1. J. Etter & B. I.. H. Wilson.
(Proc. Inst. Radio Engrs, Aug. 1962, Vol. 50,
No. 8, pp. 1828-1829.) Bias conditions are
proposcd for a field-effect tetrode acting as
gyrator to simulate an inductance of very
high Q-value. A suitable design for the
gyrator is given.

621.383.292 3876

Continuous-Channel Electron Multi-
plier. —G. W. Goodrich & W. C. Wiley.
(Rev. sci. Instrum., July 1962, Vol. 33, No. 7,
pp. 761-762.)  Electron muliiplication by
secondary emission is achieved in small
tubular dynodes and used to amplity very
weak currents.

621.383.42: 621.311.69 3877

The Efficiency of Selenium Photo-
cells at Low Illumination Levels. .
Diirr. (Z. angew. Phys., Feb. 1962, Vol. 14,
No. 2, pp. 88 91.) Comparative measure-
ments of efficiency for sunlight and for
monochromatic light of A — 577 mu on Se
and Si photocells.

621.383.5 3878

Storage of Photoelectric Signals in
n-p Junctions.—G. A. Boutry, I'. Desvignes
& M. Robert,  (J. Phys. Rad., April 1962,
Vol. 23, No. 4, pp. 262-264.) A theoretical
and experimental note on biasing ctlects at
low temperature with application to the
obscrvation of extremely weak photoelectric
signals (A 10MA) and the realization of an
infrarced scanning tube.

621.383.5 3879
Silicon Surface-Barrier Photocells.
E. Ahlstrom & W. W. Gartner. (J. appl.
Phys.. Aug. 1962, Vol. 3, No. 8, pp. 2602
2606.) Data are given on photocurrent as a
function of light intensity, reverse-bias
voltage and temperature, and on open-
circuit photovoltage as a function of light

intensity, wavelength and temperature.

621.383.52 3880

A High-Speed Point-Contact Photo-
diode.—L.. U. Kibler. (Proc. Inst. Radio
Engrs. Aug. 1962, Vol. 50, No. 8, pp. 1834
1835. Brief description of a Ge p-i-n
junction photodetector suitable for wide-
band operation at frequencies up to 50 Ge/s.
Tests were carried out with a He-Ne gas
maser.

621.383.52: 621.391.64 3881
New Infrared-Generating Diode
Transmits Television over Modulated

Light Ray.- T. Maguire. (Electronics, 27th
July 1962, Vol. 35, No. 30. pp. 24-25.
Zn-diffused GaAs diodes can be used to
transmit television signals, although  the
output is not coherent.

621.385.032.212.3 3882

The Construction of a Stable Field
Cathode.7. Hajek & L. Eckertova.
(Naturwissenschaften, Nay 1962, Vol. 49,
No. 9. p. 201.) Stable currents and repeat-
able results were achieved with cold cathodes
of the type Al-Al,Og-metal (e.g. Ag, Au,
Pt).  The requisite conditions for such
operation arc summarized and advantages
over the porous type of cathode [e.g. 350 of
1960 (Skellett et al.)] are mentioned.

621.385.032.213.13 3883
The Space-Charge-Neutralized
Hollow Cathode.—A. 1.. Eichenbaum.
(RCA Rev., June 1962, Vol. 23, No. 2, pp.
230-245.)  Gs vapour in an electron-
emissive cylinder can be used to produce
cither electron beams of high current density
at moderate temperatures or beams of
moderate density at low temperatures.

621.385.032.213.23 3884

Role of Carburization in the Sup-
pression of Emission from Barium-
Activated Tungsten and Molybdenum
Surfaces.—E. S. Rittner & R. Levi. (J.
appl. Phys., July 1962, Vol. 33, No. 7, pp.
2336-2340.) Emission inhibition due to
carburization [see 3977 of 1961 (Levi &
Rittner)] results from greatly reduced
activator coverage of the surface of the
carbide relative to that of the metal,
because of much weaker adsorption forces.

621.385.032.213.23 3885

Field-Emission Studies on Kinetics
of Barium Oxide on Tungsten. K.
Noga. (J. phys. Soc. Japan, June 1962,
Vol. 17, No. 6, pp. 950 961.) Studies of
the absorption of BaO on W are reported.
The mean dipole moment of the adsorbed
molecule is estimated. At temperatures
above 800°C the oxide reacts chemically
with W with an activation energy of
approximately 3-3 eV,

621.385.2: 537.24 3886
Microparticles Diodes.C. Maison-
nicr & M. Hacgi. (J. appl. Phys., Aug. 1962,
Vol. 33, No. 8, pp. 2474-2478.) The motion
of a group of small conducting spheres
located between two parallel plates is investi-
gated theoretically for space-charge-limited
flow and a more realistic model is proposed.
Experimental apparatus used to check
theoretical predictions is described.

621.385.2.029.6

Measurements of the Freqnency
Dependence of the Admittance of
Plane-Parallel Space-Charge Diodes in
the Transit-Time Region. -F. Seifert.
(Nachrichtentech. Z., June 1962, Vol. 15,
No. 6. pp. 263-266.) Mleasurements are
carricd out at frequencies in the range
300-600 Mc/s on modified disk-scal diodes
with cathode/anode spacings of 1-45 and
2 mm.

3887

621.385.3.012 : 681.142 3888
The Calculation of Accurate Triode
Characteristics using a Modern High
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Speed Computer. Q. }H. Schede, Sr.
(RCA Rev., June 1962, Vol, 23, No. 2, pp.
246-284.) The classical space-current solu-
tion is shown to be inadequate for modern
close-spaced thermionic valves, A computer
is programmed to calculate complete 1))
characteristics from basic input data. with
corrections for space-charge eflects  and
initial electron velocities.

621.385.6 3889

Electrokinetic Vortex Beams. . W.
Konig. (Arch. elekt. Uberlragung. June 1962,
Vol. 16, No. 6, pp. 271 282.) The charac-
teristics of vortex beams are derived theo-
retically with particular emphasis on energy
relations. Sce also 1099 of March (Riedler).

621.385.6: 537.533 3890
Axial Quasi-Brillouin Streams.
M. H. Miller.  (J. appl. Phys.. July 1962,
Vol. 33, No. 7, pp. 2247 2248.) "“A  non-
laminar model for axially uniform elcetron
strcams s postulated and conditions for
which the model is consistent with physical
requirements are derived. The character of
the current density profiles permitied by the
model are discussed.”  For analysis of recti-

lincar flow see 330 of January.

621.385.6: 621.391.822 3891

Some Results from the Measure-
ments of the Noise Parameters in
Electron Beam. S. Saito & Y, Fujii,
(Proc. Inst. Rudio Engrs, July 1962, Vol. 50,
No. 7, pp. 1706-1707.) Description of the
experimental determination of these para-
meters by a direct method of measuremen
L1067 of 1960 (Saito)].

621.385.6.032.269.1 3892

Electron Guns for Forming Solid
Beams of High Perveance and High
Convergence. 1. 1). Frost, O. T. Purl &
H. R. Johnson. (Proc. Inst. Radio Engrs,
Aug. 1962, Vol. 50, No. 8. pp. 1800 -1807.
Two methods of design are described and
data are given of three types of electron gun
developed by these techniques.

621.385.62: 537.13 3893

A 5-Mc/s Klystron Amplifier using
Positive Ions. M. R, Gavin, K. Chandra
& L. J. Lloyd. (Nature, Lond., 8ih Sept,
1962, Vol. 195, No. 4845, p. 988.) Certain
experimental  difficultics  encountered  in
investigating design principles of microwave
klystrons are avoided by substituting positive
ions for cleetrons and operating at a much
lower frequency.

621.385.623.2 3894

Optimum R.F. Field Distribution of
Manotron Cavities. K. Blotekjacr & B.
Grung. (.. Electronics Control, June 1962,
Vol. 12, No. 6, pp. 441 459.) Mathematical
analysis relating to the design of monotron
oscillators for maximum negative small-
signal electronic conductance. The optimum
field distribution is shown in a number of
graphs for various d.c. gap transit angles
and space-charge densities.

621.385.623.2 3895
Optimization of R.F. Voltage Ampli-
tudes and Gap Spacing of Generalized

Printed in Great Britain for the Py

by Gibbs & Bamforth, [.td., St Albans,

Floating-Drift-Tube Oscillators. K.
Blotekjaer. (J. Electronics Control, Junc 1962,
Vol 12, No. 6, pp. 461 -499.) A deuailed
analysis of a monotron oscillator with an
interaction region comprising a number of
narrow gaps separated by drift tubes. The
conditions for maximum conversion ethei-
ency are determined.

621.385.624 3896

Klystron Frequency Multipliers:
Effect of D.C. Velocity Spread on
Performance. 1., Solymar & P. Vv,
Schefer.  (Electronic Technol., Sept. 1962,
Vol. 39, No. 9. pp. 362-364.) A theoretical
treatment is given based on large-signal
ballistic theory applied to a model consisting
of two discrete electron beams.

621.385.63 3897
TheBeam Maser—a Unique Depressed
Collector for Crossed-Field Travelling-
Wave Tubes. ]\, Oscpchuk. (Microwave
J., July 1962, Vol. 5. No. 7, pp. 75 78.
A 30
standard M-type backward-wave oscillators
has been achieved by the addition of a
collector internally conmected to the cathode
S0 as to reduce the anode current for a given
beany current.

621.385.63 3898
Power Carried by the Helitron Waves
on an E-Type Filamentary Electron
Beam.- I, Sakuraba, (Proc. Inst. Radio
Engrs, Aug. 1962, \V'ol. 50, No. 8. p. 1839,

621.385.63: 621.375.9: 621.372.44 3899

Partition Effects in Transverse Elec-
tron-Beam Waves. -P. A, I]. Iar. (.l
appl. Phys.. Aug. 1962, Vol. 33, No. 8.
pp. 2401 -2408. Theory is presented con-
cerning the attenuation of the original beam
waves, the fast, the slow, and 1wo synchro-
nous waves, and the generation of noise
waves il part of the beam is intercepted.
See also 1833 of 1960 (Stegman ).

621.385.63: 621.375.9: 621.372.44 3900

Transverse Electron-Beam Noise
Described by Filamentary Beam Para-
meters. K. Blotckjacr., (/. appl. Phys..
Aug. 1962, Vol, 33, No. 8, pp. 2409 2414,
The equivalence of the physical noisy bearn
and the theoretically equivalent modulated
filamentary beam s demonstrated,  The
frequency  components of  the cquivalent
filamentary beam modulation are calculated,

621.385.63 : 621.375.9: 621.372.44 3901
GraphicalExpressionsofSynchronous
Conditions in the Transverse-Type
Electron-Beam Parametric Amplifier,
K. Kakizaki. (Proc. Inst. Radio Engrs, Aug.
1962, Vol. 50, No. 8, pp. 1850-1851.

621.385.64 3902
Electron Trajectories ina Magnetron,
C. G. Lehr, J. W, Lotus, 1. Silbernan &

R C. Gunther, (1. Electronics Control, Aug.

1962, Yol 13, No. 2, pp. 89 122,y 'The

problem of ¢lectron trajectories in an oscil-

lating  magnetron  was investigated by
numerical analysis using Hartree's method
of sclf-consistent fields. The trajectories so

ablishers, Hitfe Electrieal Publications Ltd,, Dorset Heuse,
by Lastern News Company, 306 West 11th Street, New York, 14,

Distributed in .5, 4,

increase in the power output of

obtained do not converge to a self-consistent
result until the requirement of spacc-charge-
limited cathode emission is dropped.

621.385.832 3903

Charging Processes due to Returning
Secondary Electrons in Homogeneous
Storage Layers of Charge Storage
Tubes. --W. Harth. (Z. angew. Phys., Jan.
1962, Vol. 14, No. 1, pp. 12-20.) Investi-
gation of the charging mechanism using a
double-beam storage tube with a mcesh-type
collector grid at a variable distance from the
storage target. The cflect on the resolving
power of storage tubes is discussed.

621.385.832 3904

The Deflection Errors of Cylindrical
Electrostatic Simultaneous Deflection
Systems. -F. Schiff, W. Harth & W,
Dommaschk. (Z. angew. Phys., Aug. 1962,
Vol. 14, No. 8, pp. 507 512.) The deflection
characteristics and aberrations of a cylindri-
cal ‘deflectron” system [see e.g. 2591 of 1956
(Schlesinger) | are caleulated.

621.387: 621.362 3905

Extended-Space-Charge Theory in
Low-Pressure Thermionic Converters.
—MclIntyre. (Sce 3825.

621.387: 621.362 3906

Origin of the Oscillations in a Low-
Pressure Thermionic Converter,
Mazur. (Sce 3826.)

621.387.143: 621.362 3907

The Direct Conversion of Heat into
Electrical Energy by means of Rare-
Gas-Filled Thermionic Valves. —Bloss,
(See 3827,

621.39: 061.4 3908
National Radio Show Review. (Wire-
less World, Oct, 1962, Vol, 68. No. 10, pp.

475-182.) An analysis of design trends with
reference to equipment seen at the exhibition
at Farls Court, London, 22nd August -Ist
September, 1962,

621.396: (523 + 35 3909

Space Research and Telecommunica-
tions. (Tech. Mitt. PTT, Aug. 1962, Vol,
4. No. 8. pp. 250 286.) The text is given
ol the following papers presented at a con-
vention held in Basle on 17th November
1961 :

(a) Space Rescarch,
257, In French).

(b) Plasma Physics. F.
268. In German).

(e) Maser and  Laser:  their
Principles and  Possible Applications.—B,
Llschner (pp. 268-273. In German 5

(d) Telecommunications with the Aid of
Artificial Earth Satellites. - W. Klein (pp-
273-286. In German).

AL Golay (pp. 251
Lidi (pp. 257

Physicat

sStamfonl Soreet, London, $.E.)
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Numerical Control of Machine Tools hy /. Ogden, B.Sc.(Eng.)
The application of electronic and numerical control to machine tools
has developed at a great pace over the last decade. Some of the
current uses are described in this article.

Industrial Temperature Measurement hy K. A. Fletcher

A new form of thermometer for industrial application is described.
It is based upon the mercury-in-glass thermometer, but remote
indication of temperature is casily achieved and an expanded scale
about any desired mean can be arranged.

Vacuum and Gas Photocells hy J. Sharpe, B.Sc.

There are so many industrial applications of photo-electric cells, that
a wide variety of types of cell is needed to meet the requirements.
This article describes the characteristics of cells in which the action
takes place in an evacuated or gas-tilled envelope, usually of glass.

Flight Simulators

Simulators are being increasingly used for training purposes because
they are cheaper and safer than using real aireraft. Efforts are
continually being made to improve the degree of simulation and in
this article is described the latest development, a colour picture of an
airfield viewed by a colour television camera under the control of a
computer.

Magnetic Field Nomograph by N. D). Richards, B.A., H. J. Taylor,
B.A., and G. Winsor, B. .

Describes a graphical way of determining the magnetic field produced
by a currentin a strip.  This is i prob'em which must often be solved
in designing some kinds of stores for computers.

Thin Film Transistor
A new type of transistor, which can be manufactured by thin-film
deposition techniques, is described. It is at present in the experi-
mental stage, but it could well be an important development in
microminiaturization.

Memory and Learning Circuits hy B. R. Wilkins, B.Sc.AEng.)

After definitions of the more important terms used, and a discussion
of points arising from these definitions, descriptions are given of
some practical learning and memosy machines.

Conversion Loss in Rectifier Modulators by D. 2. Howson, M.Se.

Continuing the discussion of rectifier modulators, this part of the
article deals with the ctfect of negative feedback on stabilizing con-
version loss.

continued overleaf
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sending telegraphic or specch alarm  signals from  outstations.
Designed for the Electricity Supply and Gas Industries the equipment

For long a textbook curiosity. the Peltier effect has become a prac-
ticable method of small-scale refrigeration.  This is a consequence
of the development of semiconductors and very compact units are

104 Remote Alarm for Unattended Plant hy R. E. Martin
This article describes a radio transmitter capable of automatically
may find applications in other industrics.

110 Thermoelectric Cooling hy J. . Bean
now available.

114 And Or Nor Nand

This article explains the meaning of these logical terms which are
now so widely applied to certain electronic apparatus used in com-
puters and control equipment.

FEATURES

64 Value Engineering 100 Environmental Motion
65  Applications lllustrated Simulator
69  Stroboscopic Testing of t08  Marine Radar
Motor Generator 109 Applications lllustrated
74 Electron Emission from 113 Small Scale Data Processor
Semiconductors 6 i
79 BritishRailwaysTeleprinter AT SN D
School 120 Correspondence
8l R.E.C.M.F. Exhibition, 121 New Books
Basl
?s € 122 Manufacturers’ Literature
82 Equipment Review 23 Classified Adverti
95 Cyclotron Wave Phase assime vertisements
Shifter 24 Index to Advertisers
Next Month

Among the articles in next month's issue will be one on the use of

ultrasonics for grading pigs.

Another article will deal with

industrial applications of stroboscopes and there will be a discus-
sion of the properties of solid-state photocells.

Permission in writing from the Editor must

© lliffe Electrical Publications Ltd., 1962

or comments are allowed provided acknowledgment to the journal is given.

OUR COVER

This illustrates the view from an aircraft cockpit of
an airfield while making a landing approach. An
article in this issue discusses the problems of flight
simulation and explains how the latest Redifon
equipment uses colour television to give a picture
of landing and take-off conditions

Picture courtesy Redifon Ltd

TO SAVE YOUR TIME

We will assist you to obtain
further information on any products
or processes described or advertised
in this issue. Just use the enquiry
cards to be found in the front and
back of the journal.

Jirst be obtained before letierpress or illustrations are reproduced from this journal.  Brief abstracts
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L
SAVBIT ﬁ

for factories

Supplied to factories as
standard, in 7 |b. or 1 |b. reels
of 14,16 and 18 s.w.g., packed
in easy-to-handle 281b. cases.

SAVBIT
fine gauges
Ersin Multicore Savbit alloy
is also available in 19, 20 and
22 s.w.g. for fine precision
soldering.

SAVBIT

Approx. No. of feet per Ib.

S.w.g. Ft.
10 24
12 36

13 46.2

14 60.8

16 96.2
18 170
19 244
20 307
508

Industrial Electronics  November 1962 |
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LABORATOlRE |NDUSTR|EL D'ELECTRONlQUE BELI
296, avenue Napoléon -Bonoporte . RUEIL-MALMAISON (S.-&-O.) France.Tél: 967-15-54
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| B o From this new range of standard

ONOM’C T Apparatus Panels and Racks and

| o Electronic  Equipment  Units,

- e . jio ! Plant and Instrumentation Engi-
Electronlc | ! neers can now develop a wide
: " variety of measurement and

i control systems with substantial

SuperVisory s " J _ savings in cost and space.
I HH U The ad |
Systems QR B e e ey over

money in installation, easy
maintenance and inspection,
adaptability, flexibility and sub-
stantial savings in space.

This  equipment creates the
opportunity for every organisa-
tion to bring automatic inspection,
measurement and control into its
operation. To obtain more in-
formation you need only contact
us.

TYPE 247 Some Suggested Applications

Data Automatic Inspection
Scanning Warning and Timing Systems
Data Distribution
Parameter Measurements
Function Plotting

System

These are only a few. From the
range of standard units a low-
cost system for most purposes
can be devised

68 BROCKVILLE STREET,

James soou EE'%E&TEREOR!&% Ltd CARNTYNE INDUSTRIAL
ESTATE, GLASGOW.

‘ TEL: SHETTLESTON 4206

Indusirial Electronics  November 1962 B 3



For further information circle 206 on Service Card

Plug-in amplifiers turn
this portable oscilloscope
into a versatile
laboratory system

One oscilloscope with plug-in amplifiers provides

a compact portable instrument capable of tackling
an extremely wide range of applications at a cost
normally associated with instruments of limited
potentiality. All connections are made internally
as the unit slides home. All or any of the basic
range of amplifiers can he supplied, or special units
can be built to requirements. Lixceptionally bright
traces, easy to read and record, are insured by use
of a PDA tbe of advanced design operating at

3.5 KV

A General purpose amplifier,dual range
1. D.C.— 6 Mc/s at 100 m\' /em.
2. D.C.— 500 Kc/s at 1o m\V/em.

B Differential amplifier
Maxirnum sensitivity 1 mV/em D.C. — 100
Ke/s. High common-mode rejection.

C Uiltra high gain amplifier
(zith General Purpove Amplifiers) Maximum sensitivity 100 pt\/em, 5 ¢/s to

75 Kc/s.

WIDE RANGE CALIBRATED TIME BASE has 18 pre-sei
sweep specds from 1 psec/em o § sec/em (or slower il
necessary) and a variable control covering intermediate
speeds.

VERSATILE TRIGGERING CIRCUIT allows two modes
of triggering:—
1. Automatic synchronisation. The time base locks
. : " awtomatically w any frequency between a few cycles and
@ 1 Me/s at any input level
- Build in the D33R 2. Selective triggering. Enables the tdme base to be
triggered from any selected point on the input wavetorm

‘The D33R is clectrically the same instrument
av the D3y, with an identical spectficalion. X EXPANSION CONTROIL X10 DIAMETERS
bur ix budt in a_form suttable for mounting

; ; NEW D.C. COUPLED FLYBACK BLANKING ensures
in standard 19-in. racks.

uniform wrace brightness at slow sweep speeds and
£125 complete Hlyback suppression.

ILLUMINATED GRATICULE facilitates accurate
nieasurements,

TeLeauipmenT BC Y

313 CHASE ROAD, SOUTHGATE, LONDON, N.14. FOX LANE 1166
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As Mini-Tronic says:
‘When time and space are light,
HARWIN see you right’

Just telephone or write

Faor further information circle 207 on Service Card

Hundreds and thousands...

... off-the-shelf — or specially designed for you.
Insulators, Lugs, Stand-offs, Brackets, Terminal
Boards, Chassis Fittings, etc. Watch-maker
precision, rigid inspection, post-haste service.

HARWIN ENGINEERS LTD - RODNEY RD : PORTSMOUTH
HAMPSHIRE + TELEPHONE : PORTSMOUTH 35555 (4 lines)

=] 1 o] ’ M f

GREAT FOR MINIATURE ELECTRONIC COMPONENTS

Industrial Electronics  November 1962
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Electro-Magnetic COUNTERS

MODEL 442

6 figures — adds or subtracts
Resettable by hand — or non-resettable
Standard Model — up to 500 counts per min
High Speed Model — up to 1000 counts per min
Standard Voltages
DC 12v 24y 48v 110v
AC 115v  230v  50c/s 115v  60c/s
Base or Panel Mounted
Panel size —1:781 in (45-3 mm) 1-250 in (31'8 mm)

B 5 4l . / :
VISUAL OR PRINTING
ADDING AND SUBTRACTING
2 7

MODEL 443

Adds or subtracts — or adds and subtracts

Manual or Electric Reset, or non-reset
Standard Models — up to 2100 counts per min
High Speed Models up to 3000 counts per min
Standard' Voltages
DC 12v 24v 48v 60v 110v
AC 115v  250v  50c/s 115v  60c/s
Panel mounted only
Panel size ~ 1-812 in (46.0 mm) 2:75 in (69:0 mm)

Write or telephone HOWard 2611 for fully descriptive literature

English Numbering Machines Ltd

DEPT E7 QUEENSWAY ENFIELD MIDDLESEX
Tel HOWard 2611 Grams Numgravco Enfield

Industrial Electronics November 1962
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CIC EUROPEAN SERVICE announces:

——
T — —
—_—

—_—
S
——

ON THE TARGET! _

SINE-COSINE
Wi @ & FILM POTS

ELIMINATE LOADING ERRORS *00015% ACCURACY!
*INFINITE RESOLUTION!

corresponding to corresponding to
Range R | Rador Elevotion
Angle QI

OULPUT > R SINE O

; SN
. X B —_—
LINEAR SINE-COSINE ) §77
POT

POT L% 7
AN
R COSINE &

COMPARE SYSTEMS ERROR YOURSELF!

Typical example of Radar

Tracking SystemProblem: Error with Error with
Toaccurately locate target conventional Resolvers C.I.C. Film Pots
Range to Target :50.000 yards Loading Error and Quadrature 35 Quadrature due to Inductance 0
Radar Elevation Angle : 45 Resolution ...............c.coocvvimiiieni. 30 Resolution ..............coevevininn .0
Linearity ... . 50 Linearity (incl. load) BO0CAGONS 8
115 yds 8 yds

WRITE TO US OR TELEPHONE FOR COMPLETE DATA SHEETS

TS

Computers, Tube Scanning, and many Control — =

Radar Display and Tracking Systems, Intertial l = I3 . =
Guidance and Fire Control, Analogue and Air Data = FRST IN FILM

Applications are served with CIC Pots, linear and

non-linear, from } inch to 5 inch diameter, single
Computer Contro!s Ltd. 19 Buckingham Strecet, London,

or multi-gang, with or without taps, including 3- TRAfolgor 2371

and 10-turn types, and low-torque low-inertia units.
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MAZDA ALL GLASS twin panel tubes

GENERAL DETAILS

Twin Panel Tinted Grey Glass
Rectangular Face 110° Deflection Angle
Aluminiscd Screen Silver Activated Phosphor
Electrostatic IFocus Magnetic Deflection

Short Neck Straight Gun—non ion trap

External Conductive Coating
Hcater for usc in Series Chain
Hcater Current 1h 0.3 A
Heater Voltage Vh 6.3 V

DESIGN CENTRE RATINGS

CME1906 CME2306
Maximum Sccond and Fourth Anode

Voltage Vaz,ag(max) 17 17 kV
Minimum Second and Fourth Anode

Vo]tagc Vaz,a4'min) 13 13 kv
Maximum Third Anode Voltage Vazmax) +1to —0.5 +1to —0.5 kV
Maximum First Anode Voltage Var(max 550 550 \%
Maximum Hcater to Cathode Voltage-

Hcater Negative (d.c.) Vh-k(max) 200 200 \%

INTER-ELECTRODE CAPACITANCES

Cathode to All* ck-anl 3.5 3.5 pF

o Grid to All* cg-anl 8.5 8.5 pF
110 Final Anode to External Conductive

Coating (approx.) caz,a4-M 1250 2000 pF

19" and 23'

* Including AEI BSH Holder VH68 /81 (8 pin)

TYPICAL OFERATION

tW| n Grid Modulation (Voltages referred 1o cathode)
Second and FFourth Anode Voltage Vaz,ag 16 16 to 17 kV
panel First Anode Voltage Var 400 400 v
Beam Current 350 350 VA
Third Anode Voltage for Focus
SHORT TELEVISION TUBES (Mecan) Vajztav) 200 200 v
Average Peak to Peak Modulating Voltage  35.5 35.5 \Y
Grid Bias for Cut-off of Raster Vg 40t0 — 77 —40t0 —77 V
GME 1906/A47'13w MAXIMUM DIMENSIONS
GME 2306/A59_13w Overall Length 317 374 mm
Face Diagonal 4911 614% mm
Face Width 441 544 mm
Face Height 361 443 mm
The CME1906 and CME2306 are respec- Neck Diameter 20.4 20.4 mm

+ The maximum dimension over the complete panel is 507 mm

tively 19in. and 23in. twin panel cathode- ) : : : .
$ The maximum dimension over the complete pancl is 631 mm

ray tubcs. They differ from previous 19in.
TUBE WEIGHT

Nett (Approx) 22.5 37.5 Ibs.
Side Contact: CT8 (Cavity) Base: B8H

and 23in. tubes of the Mazda range in that
cach has a moulded safety panel of tinted

glass bonded directly to the front face of 50 04 SIDE_ CONTACT,
" TOLERANCE 30

the tube. In neck length and electrical

93 NP
characteristics these tubes are identical to 05,0a0 ) /M‘%L%ﬁgﬁbs o /o o\?
CME1903 and CME2303 respectively, 3 0, COATING Ko o
having 110" deflection angle and using 9 s oo .
magnetic deflection and electrostatic focus. h h vuzwr‘ o rncg £ND

M A z D A VALVE COMMERCIAL DIVISION 1ss Charing Cross Road, London WC2 Telephone GERrard 9797

E@H@W”‘\N EXPORT DIVISION Thorn House, London, WC2 Telex: London 21521 (Thorn Ldn)
I AL

THORN-AEJ] RADIO VALVES & TUBES LTO
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NEW MINIATURISED EQUIPMENT

= PHILIPS
[HREE-TERM GONTROLLER

for proportional, integral, and differential control

Philips Three-Term Controller PR7201 is the latest addition to Philips range of
miniaturised equipment. Built to the same dimensions as the well-known Philips
Miniature Recorder, its modular construction enables almost any control conditions
to be met. Write (or ’phone Tulse Hill 4652) and ask for leaflet IM8-Q1.

AT
SPECIFICATION

DC o0........ 50 mA DC; 1......... 5 mA DC;
4.... ... 20 mA DC; 10........ 50 mA Dc.

Input Load Depends on input signal;
maximum input load 5000 chms.

Accuracy of Input Deviation Meter -5
of nieasuring range.

Output Signal For standard version
T 5 mA DC direct or reverse acting.

Oulput Load For standard version 3000
ohmis.

Accuracy of Output Meter | 5", of out-
put range.

Set Point Setting accurate within + 0.5"
of set point range.

P-action 3......... 300", continuously adjust-
able.
l-action 2......... 1800 seconds in 20 log-

arithmic steps. Also intinite reset time
(i.e. no integral action).

D-action 2......... 600 seconds in 11 log-
arithmic steps. Also zero rate time (i.e. no
derivative action). At higher frequencies
D-action does not exceed 10 x P-action
(tame derivative).

Zero Frequency Gain Higher than 200 at
100".. P-action setting (i.e. Initial Propor-
tional Band under }%).

Max. Output Current (output terminals
short circuited) 12 mA DC.

Maximum Output Voltage at Infinite
Output Load 16 volts DC.

Manual Automatic Switching Bumpless
transfer: manual to automatic direct, auto-
matie to manual via balance position.

Power Supply 110-240 volts AC + 10,
¢l e 60 c/s, 30 VA,

MU n———n——————"

¢

17 7, " Maximum Permissible Ambient Tem-
Philips Three-Term Controllers and Miniature Recorders in a e reri Ty
process control panel at a ceramic works. Net Weight 15 kg (33 1bs.).

RESEARCH & CONTROL INSTRUMENTS LTD

Instrument House, 207 King's Cross Road, London, W.C.1: Telephone: TERminus 2877

(RCLOI53)
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For further information circle 212 on Service Card

The HED range of regu-
lators are designed to provide

voltage or current, stabilised at any
desired level by manual control, or in response
to an input signal from a temperature controller,
radiation pyrometer. photo-electric cell, etc.
Regulation is achieved by standard HED transistorised
amplifier and refererce units in conjunction with saturable

reactors.

The highest degree of reliability is ensured by the

use of these static devices.

APPLICATIONS : Furnace Control, Arc
Welding Control, Light Dimming, Motor
Speed Control, etc.

e

HED Stabilised Rectifier Power Packs
utilise a saturable reactor, transformer,
semi-conductor amplifiers and reference
system, the A.C. output being rectified
and smoothed to give a D.C. output.
High speed respanse and high
accuracy is a major feature of this
system. Both single or three phase
inputs can be utilised up to 300 KW,
the regulation being -+ 1°, from no load
to full load with mains voltage variations
Laboratory Supplies, .of 12“,.. to +69,, and with t 2v,, frequency
Electrolytic Machining, Test variation. Ripple is 4°, or to specification,
Supplies, Aircraft Supplies, Linear Unstabilised rectifier power packs can also be built to
Accelerator Magnet Suptlies, Motor customer specification.

pecd Controt Suppies, 1t HIRST ELECTRONIC LTD.

GATWICK ROAD ¢ CRAWLEY o SUSSEX e Crawley 2572/-2-3-4

APPLICATIONS :

10 Industrial Electronics November 1962



For further information circle 213 on Service Card

specify

Reliability
High conductance
Low leakage

Fast recovery
characteristics

Rugged, sub-miniature
all-glass construction

Operation up to 90°C
Low cost

point-contact general purpose diodes

High forward conductance
Max. average power dissipation
80mW

Nominal capacitance at -10V 0.2pF
Operating and Storage temperature
range -60°C to 90°C

TYPE APPROVED *CV 7041 {CV 448 & +CV 7130

gold-bonded computer diodes

Extremely high forward conductance
Stored charge at 10mA 400pC
Nominal capacitance at -10V 0.4pF
Max. average power dissipation
80mw

TYPE APPROVED *CV 7127

fast recovery computer diodes

High forward conductance
6 Nanosec typical recovery time
Nominal capacitance at -1V 1.5pF

WRITE NOW for complete data on the full range of Hughes — T
semi-conductor products, which also includes :— CA LD

Silicon General Purpose and Computer Diodes
Silicon Power Diodes and Rectifiers —or ask for

Voltage Reference Devices a Sales Engineer to call
High Voltage Cartridge Rectifiers <

Voltage Variable Capacitors v
PNP and NPN Silicon Transistors

| HUGHES INTERNATIONAL (U.K.) LTD |

KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX TEL.: HOUNSLOW 522"2&" T
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For further information circle 214 on Service Card

. A

HERMETICALLY SEALED PLUGS

® Compression glass-to-metal seals.

Leakage rates of 1, 1, ‘01 and 001 micron cubic
feet per hour at 15 p.s.i.

® Pin contacts and shells are steel.

Small shell sizes will withstand pressures up
to 1,000 p.s.i. and larger sizes up to 500 p.s.i.
Ranges available include:—

GS02 and BFH for MIL C. 5015 series connectors,
KPTH for MIL C. 26482 series connectors

MC for MC sub-miniature series
connectors.
KH for KO miniature connectors,

Variations in shell style mountings including
jam-nut, square and circular flanges, bulkhead
fittings, etc.

Write for appropriate catalogue.

US ARMY ORDNANCE CONNECTORS

€ An extremely rugged weatherproof

¢ 12 pole connector ideal for prime
mover/trailer applications, and ar-
duous field conditioas.

® Standardised by NATO.

F. V. R. D. E., approved.

Manufactured in steel hardware

throughout.

Cable connectors shrouded in tough

neoprene.

Positive locking engaging device.

Cable units provided with self-closing

moisture/dust covers.

® Self-closing moisture/dust flaps
available tor receptacles.

® Other insert arrangements up to 37
poles available.
Write for further details.

STANDARD “K'" CONNECTORS

® General purpose rugged multi-
pole series.

® 8shell sizes with up to 82 solder
type contacts, including coaxial
layouts.

® Lightweight aluminium alloy

¥ shells.

Coarse thread quick-disconnect

coupling.

Wide variety of shell styles.

Positive polarisation.

Melamine insulators.

Also available are hermetically

sealed and high temperature

ranges.

Write for K-7 Catalogue.

KO SERIES

® A general purpose lightweight multi-way
connector with acme coarse thread coupling,

® Available in three basic shell sizes and four
shell styles.

® Insert arrangements of 3, 10, 20, 30, 38 and
50 poles.

® High potential test voltages, from 1,350v. a.c.,
to 4,050v. a.c.

® Gold plated copper alloy contacts, rated
5 amperes. Solder type.

e Zytel insulation.

e Lightweight aluminium alloy shells.

o Hermetically sealed series with steel shells
and contacts also available.

® Positive polarisation.

Write for HMC Catalogue

12

TYPICAL EXAMPLES OF

CANNON

CONNECTORS
MADE IN

GREAT BRITAIN

One tends to associate the symbol CANNON
PLUGS with electrical connectors manufactured
in the U.S.A_, but in actual fact, over 60 per cent
of the Cannon connectors sold in Great Britain
are manufactured entirely at the Cannon factory
in London.

The facilities of Cannon Electric (Great Britain)
Limited, include :

connector research, development, design and

engineering; a fully equipped test laboratory;

machine and model shops; toolroom; injection
and compression moulding machines; quality

control and inspection, etc.

All the divisions of the Company are manned by
highly competent, qualified personnel with
many years background of technological
“know-how". The Sales and Engineering
Departments provide a Technical Service of the
highest calibre and the Company will gladly
undertake development contract work.

Cannon Electric (Great Britain) augments
and supplements the activities of the parent
company factories in the U.S.A., and
contributes in no small way in helping to
maintain the name CANNON as the world's
foremost manufacturer of electrical connectors.

CANNON ELECTRIC (Great Britain) LTD., 168/172

OLD STREET, LONDON, E.C.1. Tel: CLErkenwell 4954
European Enquiries: Cannon Electric International Inc.,
4/ Bornem, Belgium. Telephone: (03) 77.06.14.

Scandinavian Enquiries:

Sweden: Ab Gosta Backstrom, Box 12089 Stockhoim 12,

Denmark: Tage Schouboe, 7 Skyttegade, Copenhagen.

Norway : Morgenstierne & Co., Wessels Gate 6, Oslo.

Finland : OY Chester AB, Heisingfors, N. Esplanadgaten 37.A.,
Helsinki.
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Accuracyv

For further information circle 215 on Service Card

0:0275 OF READING =1 BIT

| 20 # Volt Resolution.

B Operational Simplicity.

B Thermocouple Ranges Scaled in °C.

M > 1000 MQ Input Impedance.

B 50 Conversions per Second.

B Automatic Polarity Indication.

B Print-Out Facilities.

M Solid State Switching and Logic.

M 20 # Volt —1.5999 kV Dynamic Range.

APPL|CAT|ONS Measuring and recording any physical

parameter convertible to voltage—VELOCITY, TEMPERATURE, LIQUID

LEVEL,

DISTANCE, ANGLE, ACCELERATION, MAGNETISM,

WEIGHT, PRESSURE, FLOW, LIGHT —as in the following fields:—

SOLARTRON

1

WITH THE
SOLARTRON
DIGITAL VOLTMETER
LM 1010-2

£
[

AW

AN S

AN

IR ELECTRONIC ENGINEERING B CHEMICAL PROCESS ENGINEERING
I NUCLEAR ENGINEERING IMAEROOYNAMIC RESEARCH

I PRODUCTION ENGINEERING M MEDICAL RESEARCH

IRPOWER GENERATION AND OISTRIBUTION IR ANALOGUE COMPUTIRG

FOR FULL DETAILS WRITE TO

SOLARTRON LABORATORY INSTRUMENTS LTD.

COX LANE, CHESSINGTON, SURREY.

TELEPHONE: LOWer Hook 5252

TELEX: 23842 SOLARTRON CHESS.

CABLES: SOLARTRON CHESSINGTON MaP S



For further information circle 216 on Service Card

BUT STC COMPONENT RELIABILITY REMAINS INVARIABLE

Capacitors - Crystal Filters - Ferrites - Germanium Diodes - Germanium Photocells
Hermetic Seals - High Stability Resistors - Infra-red Filters - lonisation Gauges
Klystrons - Magnetic Materials - Magnetic Recording Heads - Quartz Crystals - Relays
Selenium Rectifiers - Silicon Rectifiers - Silistors - Suppressors - Thermal Delay
Switches - Thermistors - Thermocouples - Transistors - Travelling Wave Tubes
Toroidal Chokes and Transformers - Tunnel Devices - Vacuum Capacitors - Valves
Uniselectors - Zener Diodes

Write or telephone for booklet M/103, which outlines
the rangeand lists the technical publications available
RELIABILITY—THE FOURTH DIMENSION IN STC COMPONENTS

‘ Srandord Telephorres and Cables Limired

$2/4M COMPONENTS GROUP: FOOTSCRAY - SIDCUP - KENT - FOOTSCRAY 3333
-
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INDUSTRIAL ELECTRONICS

Industrial Electronics

Comment

It is now fashionable to talk about learning machines, by which is meant
machines which can be taught to perform desired functions. Elsewhere in
this issue some of their elementary principles are discussed. Such machines
in any useful form still lie very much in the future, but the idea of the learning
machine has captured people’s imagination.

However, we seriously wonder if ‘learning’ is the right word. It seems to
us that the idea of learning necessarily implies the idea of consciousness, and
no one has suggested that the machine has this. According to the dictionary,
learning means the acquisition of knowledge or skill by study.

We suggest that these machines would more properly be called trainable
machines. Training involves bringing to a desired state by instruction and
practice. This is just what is done with these machines and the word does
not involve such personal associations as ‘learning’.

We ourselves think it desirable to avoid the use of personality labels for
machines. We do not believe that electronic brains are brains, nor that
computer memories are memories., We could at this point bring in an
obvious quotation from Shakespeare. Instead, we will refer to B.S. 2641: 1955

which deprecates ‘memory’ and says that the proper word is ‘store’.

Road Accidents

There has so far been no widespread
use of electronics to help in reducing
road accidents. Closed-circuit tele-
vision has found some application for
traffic control in cities, and there are
reports of experimental work, especially
in the U.S.A., on the automatic control
of vehicles. This includes most elabor-
ate systems in which the speed and even
steering of a car is taken completely
out of the driver’s control. They in-
volve not only elaborate apparatus on
the vehicle itself, but an elaborate
system of buried guidance cables in the
road. We suspect that it might be

November 1962

simpler to lay rails and turn cars into
trams!

Without going to such lengths,
electronics could help in road safety.
It is technically possible for it to do so.
A prevalent driving fault, which is
responsible for many of the multiple
car crashes, is following too closely
behind another vehicle. It would not
be difficult to prevent this with the aid
of electronic apparatus.

A radar-like device, probably using
ultrasonics, could be mounted in the
front of a car and would produce an
output proportional to the distance
from the car in front. A simple logic
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COMMENT (Continued)

unit fed with this signal and with one from
the car’s speedometer could produce a
control output which would act, first, to
close the throttle and then, if necessary, to
apply the brakes if the speed of the car
exceeded the proper value for its distance
from another car.

We doubt if many drivers would like the
device, however, and few would be willing
to pay for it, for it would not be cheap. We
suspect that more people would be willing
to fit it if it were used not to control one’s
own car but were turned round and used to
display a large notice at the back to tell a
following driver that he is too close!

Transatlantic Communication

The Post Office has a permanent exhibition
of telecommunications equipment in Fleet
Building, Farringdon Street, London, E.C 4,
which is open to the public. It now includes
a model of an orbiting satellite with a tracking
dish aerial.

It is a little over a hundred years since the
first transatlantic telegraph cable was laid
(1857). Telephony did not come until 1926
when the first two-way radio-telephone
channel was established. Telephony by cable
had to wait until 1956, for it necessitated
submerged repeaters and it was not until
then that they became practicable.

Now in 1962 the first experimental link
using a radio repeater carried by an artificial
satellite is being tested. Telstar has already
shown its capabilities and successful tele-
vision and multi-channel communications
have taken place. In addition, business-
machine type data has been transmitted at
a rate approaching 14 million words a
minute.

Scientific Information

It is a commonplace that it is now a major
problem to trace scientific information even
when it is known to exist. So much material

is published in so many places that, even
with the aid of abstracting services, its
retrieval is a real difficulty. So much is
this the case that one American firm is
reputed to find it cheaper to repeat previous
work than to search for its record in the
literature!

Some attempts are being made to harness
electronic computers for searching for in-
formation, but the real answer has not yet
been found. In the meantime new organiza-
tions to help in the problem keep being
formed. One of the latest is the Scientific
Documentation Centre Ltd. at Halbeath,
Dunfermline.

The Centre already holds 3,500 spectra or
sets of numerical spectral data. All types
are collected, but primarily infra-red and
ultra-violet. There is also a substantial
collection of specialized data about methods
of storing and retrieving information, par-
ticularly on electronic and photoelectric
methods.

A Flight of Fancy

The intervals between the successive major
steps in transatlantic communication are 69,
30 and 6 years. If the last were 9-3 years
instead of 6, these numbers would be the
cubes of 4-1, 3-1 and 2:1. However, the
6-years represents the interval to Telstar,
which is experimental and not operational.
If the sequence of numbers means anything,
which is highly doubtful, it means that an
artificial satellite system should be operational
in 1965. Actually, this is by no means
impossible, even if it is a little improbable.

We do not suggest that the figures are
indicative of any law. However, the intervals
60, 30 and 6 years between successive major
steps in the development of communications
do show how the pace of development is
increasing. It is an increase by no means
confined to communications, but one which
is occurring everywhere in technical develop-
ment.
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Ferranti Inspection Muchine which gives a
continuous display of the machine movements

fundamental requirement for the control of machine

movements and Ferranti Ltd. have developed the
Moire Fringe measuring system (Patent Nos. 760,321 and
810.478) which has been the keystone of the Company’s
basic work on numerical control.

The initial element of the measuring system is a length of
optical diffraction grating having a line structure at right
angles to the length of the grating and a precisely known
number of lines to the inch.

When two sections of such a grating are superimposed.,
at a slight angle with respect to each other, a Moire fringe
pattern, with an approximately sinusoidal distribution of
density, is produced as a result of the integrated interference
effects caused by the angular intersection of the individual
lines on each grating. FEffectively, this is a greatly magnified
pattern in which individual lines are easily separated.

When one grating is moved with respect to the other in a
direction at right angles to this line structure, the fringe
pattern travels at right angles to the direction of movement,
the sense of this pattern movement being dependent on the
direction of relative travel of the two gratings. The width
of one fringe can be made sutficiently large to cover the
full area of the index grating, which is 0-375 in. square,
Fig. 1. Thus, a relative movement of one line between
the main and index gratings will cause this field to go
through a complete cycle of light intensity if a beam of
parallel light is projected through it.

A photosensitive element integrating the light over this

SOML: proven method of linear measurement is a

* Numerical Control Division, Ferranti Ltd.. Dalkeith,
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Numerical
control

of
MACHINE TOOLS

By H. OGDEN, B8.Sc.(Eng.), A.F.R.Ae.S.*

The application of electronic and numerical
control to machine tools has developed at a
great pace over the last decade. This technical
endeavour by the electronics industry has set
the scene of a revolution in methods of
production, which will ultimately affect every
manufacturing industry. Some of the present
applications are described in this article.

Use of Addo-X printer with a control system
so that a permanent record is obtained



field can be made to give an indication of the passage of
each fringe and hence can be made to measure the relative
travel of gratings.

In practice, it is required to have additional information
about the direction of travel, otherwise errors will be intro-
duced when any vibration or inadvertent reversal occurs.
In order to take account of direction, it is necessary to view
the pattern over two areas, the mean density variation in
which ditfers in phase preferably by 90°. 1If this is the
case, then electrical outputs from the photosensitive elements
will be in the form of approximately sinusoidal variations in
quadrature with this 1wo-phase system containing complete
and continuous information about the relative movement
of the two gratings. The nuamber of complete cycles or
fractions of a cycle will indicate the total movement. the
frequency will be a measure of the velocity and the direction
of phase rotation will reveal the motion, and thus it is
possible to use the Moire fringe effect to measure digitally
lengths to a very high order of accuracy. 'The general
arrangement of the optical system is sketched in Fig. 1.

By the use of h.gh-speed trarsistorized counting circuits.
with safeguards in respect to checking facilities. both of
the counter and of the inpul signal levels, digital display
techniques have been made available to industry for
basic measurement for inspection and manufacturing
purposes.

The operation of the .nput circuits 1s continuously
monitored by an inpu: check facility which will detect failure
of any part of the input circuits and also indicate faulty
operation due to excessive speed or inadequate photocell
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Above : Fig. 1. Sketch of optical system employed
with diffraction gratings for the linear measure-
ment of machine~tool position

Left : Three-dimensional control system with
H.P.E. measuring machine

signal. This check operates from the logical sequence of
pulses appearing within the counter and provision is made
to detect any change in this sequence which would indicate
the missing of a pulse from the grating system.

Additionally. the operation of the counter stages is con-
tinuously monitored by a ternary check facility which
detects the counting error of one or more digits in any
decade stage by means of ternary logic. In brief. each
decade of the counter. starting from the most significant.
is divided electronically by three, the ternary remainder
being passed to the next jowest stage. resulting in a final
ternary remainder after all successive decades have been
operated on, which is compared with the state of a separate
ternary counter derived independently from the input
circuits.

‘The input and ternary check circuits on the basic counter
operate red warning lamps located near the decimal display
and give automatic indication of the presence of a fault.

The inherent accuracy and flexibility of electronic
measurement give the important operator facility of being
able to zero the numerical display at any arbitrary datum
and to reverse the counting direction. thus avoiding the
perennial addition and subtraction calculations which result
from the use of vernier and optical measuring scales.

A wide range of applications is now in hand ranging from
jig borers to large lathes and horizontal boring machines.
In each case the direct universal measurement achieved by
electronics improves the setting time and accuracy, thus
creating conditions for increased productivity with improved
quality.
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Above : Two-dimensional control fitted to Burg-
master turret drilling machine

Right : The Hayes machine has three movements
hydraulically controlled. The machine movements
are measured at the table slide

Manual Inspection

One of the interesting areas for the application of moire
fringe linear measurement scales has been for inspection
purposes. The Ferranti Inspection Machine is an example
of the use of this technique whereby the movements of the
machine are recorded continuouslv by x and y digital-
counter displays with the ability to reset datum and reverse
counting direction as and when required. The machine
movements are achieved with the use of kinematic slides
which enable the machine to be positioned manually and
ex:remely rapidly with a resulting high inspection rate.

The machine has had an extremely good reception in this
country and the U.S.A. by virtue of iis performance on
universal  two-dimensional technigques for  production
inspection.

In addition to direct operator display, machines have been
equipped with a print-out facility operated by a conven-
tional foot pedal, whereby the indicated position may be
printed out on an Addo-X printer for permanent record
purposes. Facilities are provided whereby the sequence
aumber of each inspection operation is automatically pre-
fixed to the x and y co-ordinate dimensions recorded. and
by manual use of the Adda-X keyboard. additional informa-
tion may be printed for part :dentification purposes.

Point-to-Point Inspection

For point-to-point co-ardinate inspection purposes the
Ferranti Co-ordinate Pesitioning sysiem has been associated
with the H.P.E. Measuring Machine which is used for
three-dimensional inspection of large areas by means of

Industrial Electronics November 1962

Cramic continucus profiling machine.  The cross-feed screw has

a diameter of 4 in.

x and y, dial or tape set instructions, resulting in an auto-
matic z measurement, which is available from an eleciric
typewriter, or, If necessary, into a tape punch for subsequent
calculation using general purpose computer techniques.

Continuous Inspection

An interesting development for continuous inspection
purposes has been the application of Ferranti control to a
modified jig boring machine in association with the
Inspectorate of Electrical and Mechanxal Engineering!.
The basic principle of this work is the use of a high resolu
tion control system using a magnetic tape which carries the
continuous inspection instructions for the monitoring of a
warkpiece. Deviations from true dimensions are sensed by
a specially developed contacting probe unit such that any
departure in the x y or z planes resulls in errcr measure-
ment which is continuously recorded on a single-channel
recorder.

Co-ordinate Positioning

The Ferranti co-ordinate positioning system for point-to
point machine tool control uses the transistorized ternary
checked counting techniyue referred to at the beginning
of this article, but has additional facilities whereby an input
demand from either dial or paper tape sets up a coinc:dence
demand on this basic counter, and gives drive instructions
to the machine.

Th:s basic co-ordinate positioning system has been applied
to the Atlantic Co-ordinate Table and uses simple clutch
drive gear boxes. driven by 3-phase a.c. induction motors.

6!
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Above: Atlaniic Co-ordinate Table with a
ternary-checked co-ordinate positioning system

Right: Fig. 2. Average unit cost of com-
ponent machining against batch size for
computer-controlled and conventional milling
machines

On each axis the motor drive is transmitted through a
high-speed traverse Warner SF.160 electromagnetic clutch
by reduction gearing on to the table leadscrew until cein-
cidence is reached; i.e., the table is instantaneously at the
desired position. The high-speed traverse clutch is dis-
engaged at this instant and the drive is transferred to the
low-speed Warner SF.160 electromagnetic clutch which
introduces a low-speed creep drive in the reverse direction,
cancelling out the initial overshoot. On regaining the coin-
cidence point, the low-speed clutch is de-energized and
simultaneous clamping of the slide takes place.

By judicious choice of creep rate and transistor switching
of the electromagnetic clutches, the fast and accurate posi
tioning of the axis is achieved both simply and reliably.

The diffraction grating scales used on this application
have an intrinsic resolution of +0-00025 in., with a travers-
ing speed cf 60 in./min ; the table positioning performance
on ciutches gives a table positioning time in seconds equal
to the distance travelled in inches, plus three seconds
approx:mately.

Tris basic two-dimensional point-to-point positioning
system has been applied to the Burgmaster range of turret
drilling machines. Dial or tape instructions control the
simultaneous positioning o the co-orcinate table and the
index position of the turret head. When these instructions
have been carried out, the drill cycle is initiated and the next
instructions are read by the tape reader. On completion of
the head movement, the next operation is carried out and
thus the machine cycle 1s completed automatically by
numerical instructions.

In order to compete with conventional multi-head drill
stands, and associated drill templates, on this class of work,
it is necessary to look for the minimum positioning and index
cycie time. In the case of this range cf machines, the table
is positioned by hydraulic rams and a special electro-
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B.O.C. Eagle flame-cutting machine fitted with continuous control equipment.
Additionally, there are special conditions for pre-heat and flame control
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hydraulic control valve which is of the five state type ; i.e.,
rapid traverse in either direction, slow creep in either direc-
tion with a clearly defined dead zone. Rapid traverse is
200 in./min with a setting time of less than 1 sec for a
positioning accuracy of +0-001 in.

The basic co-ordinate positioning system has been further
developed and includes special features for milling functions,
etc. In the case of large co-ordinate positioning machines,
such as horizontal borers, it is necessary to provide multiple
anticipatory features on the co-ordinate positioning cycle
to permit the machines to decelerate in an optimum manner.

Continuous Control

The continuous control of machine tools has been a
major development by the electronics industry with the
aircraft and associated industries very much in mind. The
position now is much broader since the efforts in data
processing of the numerical information has advanced and
inevitably a wider range of industries is finding economic
gain by the use of this type of machine.

Ferranti Ltd. has done a tremendcus amount of pioneer
ing work on this concept which is now defined as the com-
puter control of machine tools and has culminated in the
development of the Ferranti Mk. IV continuous control
system.

The equipment incorporates transistor techniques and
hydraulic servomechanisms with linear grating feedback.
using a magnetic tape system and a centralized computer
service for data preparation. This philosophy of control
enables a computer centre to prepare the machining data for
a large number of machine tools and by having this data
preparation out with the machine, considerable economies
are possible in the control equipment, together with benefits
of simplification and associated reliability.

Further, the general advance of data processing tech-
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niques is avaliable 10 users of the system to increase the
fac:lities of the associated machine tool.

Briefly, the control cabinet contains the magnetic tape
deck, electronic equipment and power supply tor the three-

axis control of the machine tool. The electronic circuits
are on printed-circuit boards, which are plugged irto remov
able trays so that each axis of the machine is controlled
from a single tray, with a fourth tray for refererce channei
purposes. The unit is furnished with a spare control
channel tray and spare reference-channel tray. By visual
fault indication techniques, a defective channel can be
replaced immediazely by a spare channel and thus repairs
to the defective tray can be carried out at leisure.

Measurement of the machine movement uses a reflecting
grating technique and thus the movements are measured at
the table slide and not th-ough the inaccuracy or comphliance
of the machine tool transmission. As previously mentioned,
hydraulic servomechanisms are fitted as standard with a
continuous centrol equipment and the type of drive is
dependent largely on the size of the machine tool

In the case of the Hayes machine illustrated.
this is by hydraulic rams on the three movements of the
machine, giving a travel of 19 in. X 9 in. with 3 in. of
coatrol movement on the z axis with an ability to reset
over a length of 12 in. of knee travel.

With larger knee-type milling machines, such as the
Kearney and Trecker, C.V.A. TF.415, the size ot the
machine dictates the use of recirculating ball leadscrews, and
the drives to these screws are oy hydraulic motors through
backlash-loaded gearboxes. However, with the large con-
tinuous proiiling machines, the transmission stiffness
becomes very critical and a resort is made 1n the case of
the Cramic machine to rack gearboxes in the case of the
gantry movement of the machine.

Readers who are familiar with the general problem of
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Left: Continuous inspection instructions
recorded on magnetic tape are used in
this jig-boring machine

Above: In the Kearney and Trecker, C.V.4
TF.415, recirculating ball leadscrews :are
used and magnetic tape control

Left: Ferranti Mk. IV continuous control
fitted to an H.P.E. Contourmatic machine

machine-tool design requirements for numerical control
should note the massive cross feed screw on this machine,
which is of 4 in. diameter.

The H.P.E. Contourmatic machine with Ferranti Mk. IV
continuous control uses an interesting combination of drive
techniques to achieve maximum performance at minimum
cost. 1t has hydraulic screw drive on the longitudinal feed,
together with hydraulic ram transmission on the transverse
and vertical axes.

This machine has been designed for electronic control and
uses Dexter-type slides with a variable speed hydraulic
motor on the machine tool spindle in the interests of good
speed regulation and high power to weight ratio

The B.O.C. Eagle Flame-Cutting Machine is an interest-
ing application of Ferranti continuous control equipment,
since while this is two-dimensional, the interlock and
miscellaneous functions with regard to pre-heat, flame
monitoring and general cutting cycle, together with specia
data presentation. represent unique developments®. Posi-
tion measurement on this machine is by synchros built into
the traverse gearboxes.

Economics

It is fundamental that capital investment in electronically -
controlled machinery should be accompanied by increased
productivity with lower unit cost per item as compared
with conventional production techniques.

The main factors in this economic statement are related
therefore to product complexity and batch size with skiiled
manpower utilization, product lead time, quality, accuracy
and overhead structure of plarning, progress, and inspec-
tion, additional factors of increasing importance in modern
industry, but as yet incapable of being expressed in gencral
quantitative terms

Milyard and Brewer? suggest a criteria for the economic
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advantages and disadvantages of continuous contour control
systems related to a fixed batch size of 10 components, the
aim concerned being component complexity expressed by
geometrical considerations. Briefly, the number of straight
lines parailel to a machine axis and the number of curves
which can be specified simply by the data-processing
medium are compared; if numerically in favour of the
curvaceous component, economics of manufacture lie with
numerical control.

It is further suggested that if the number of decelerations
is higher than 50 (this might be better expressed as the
number of co-ordinate change points), then the advantage
will always lie with numerical control.

Case studies carried out by Ferranti Ltd. substantiate
this economic criteria, although at the present moment
batch size below 10 components requires closer investiga-
tion and straight-line components require understanding
since these are undoubtedly more suitable to electronic-
controlled straight-line millers, but not necessarily continu-
ous control.

The average results for 14 detailed case studies carried
out on behalf of a manufacturing company. with material
ranging from gun metal to steel and cast iron, give the
basis to Fig. 2, which is a plot of average unit cost for a
numerical continuous-controlied milling machine, typical of
the Kearney & Trecker. C.V.A. TF.415, against batch size
for single-, double- and triple-shift working. It is interest-
ing to note that apart from the economic savings, the pro-
ductivity of the machine is up by a factor of eight over the
conventional milling machine.

It has been pointed out that co-ordinate positioning
machines are in direct competition with multi-head drill
stands and the economic case for this class of machine

VALUE ENGINEERING

Value Engineering Ltd.. a subsidiary of Value Analysis
Incorporated, U.S.A., has been formed in England to pro-
vide British industry with value engineering and analysis
services which are aimed to produce a 25% or more saving
in production costs.

The services offered by Value Engineering are somewhat
similar to time and motion study with the addition of
fundamental design studies and a basic training course for
the customer's staff. These services are referred to as the
application of ‘value analysis’ which, by formal definition
is a system of techniques and planned methods by which
individuals learn to look objectively and with imagination
at a part, a material, an operation, or a project, comparing
the cost of these things with the function performed.

When catled upon to implement value analysis Value
Engineering would in a typical case organize and conduct
training sessions for a number of the customers’ managers
and project leaders. These sessions would normally last

INFORMATION WANTED ?
if you require further details of products or pro-
cesses described or advertised in INDUSTRIAL
ELECTRONICS you will find it convenient to use
! the enquiry cards which will be found in the front
and back of the journal. ;

resolves itself into a comparison of drill jig. and fixture costs
for batch production against the increased capital cost of
paper-tape positioning controls.

Such cases require to be treated on their merits, The
present emphasis, whereby numerically controlled co-
ordinate positioning machines are doing combination work
(i.e.. drilling, boring. reaming, milling, etc.. at one set up).
has a substantial effect on the overhead structure normally
related to these machine shop operations, in the areas of
planning, rate fixing, progress and inspection. In addition,
there is the attractive floor-to-floor time of such combined
operation.

In the areas of short batch production, while the process
need not necessarily be ‘automated’, gains in productivity
can be realized by electronic facilities to aid skilled operator
utilization in such matters as setting-up, limiting arithmetic,
gauging, etc.

It is interesting to note that several contract machine shops
in this country and in France are now using Ferranti
numerically-controlled machine tools. It will be appreciated
that it is fundamental in contract machine work to produce
the required components more efficiently than the contract-
ing company in order to survive,
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for about three or four days and would include personnel
representing design and development. production. and
purchasing departments. At the training sessions a team
made up from personnel from the various departments
would study a project, from either the sales department or
some internal source, under the leadership of an expert in
value analysis. The initial goal of the team would be the
reduction by at least 257 of the manufacturing costs of
the parts and/or product being studied.

It is claimed that by making all of the team aware of
the various factors affecting manufacturing costs, new
materials and techniques available, and services offered by
outside suppliers, etc., it is possible to bring about a reduc-
tion of manufacturing costs for most products. At the end
of the training session the team would be capable of apply-
ing the techniques learned to other projects.

Value Engineering state that from past experience it is
possible to plot a graph showing the return of capital
invested in value analysis against time and this shows that
the return is 3} 1 at the end of the first three-month
period, 4 : | after six months, 8 : 1 after nine months and
10 : 1 after 12 months; thus after 12 months for every
£1 invested in value engineering (including capital invested
in additional equipment) there is a saving of £10.

Over 40 companies in the United States have used the
services of Value Analysis Inc.. and case histories of many
of the projects are available.

For further information circle 39 on Service Card
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Portable d.c. valve voltmeter
Minifon wire recorder

Voltage surge indicator

As part of a series of traffic flow surveys within the City
of Leeds on-the-spot recordings of vehicle registration
numbers were made wirh the Minifon wire recorder type
P.55.5. Initial tests carricd out proved that one
enumerator dictating every registration number could
cope with occasional rates of up to 2,000 vehicles per
hour. With good practice an operator can transcribe a
I-hr long recording in about 2 hours. Hlustrated here
is the Minifon which has becn opened for replacement
of the reel of magnetic rccording wire

For further information circle 40 on Service Card
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Here the Dawe Instruments portable d.c. valve volimeter
type 611 A4 is being used to measure potentials from 30 uV
to 1 kV on a storage oscilloscope. With an input imped-.
ance of 100 M, except on the most sensitive ranges, the
valve volimeter presermts a negligible load 1o the circuit
heing tested

For further information circle 41 on Service Card

Supplied from its own battery this A.E.L. surge indicator
will enable on-thc-spot checks to be made for volitage
surges likely to be harmful 10 electronic and electrical
equipment during manufacture, mstallation and main-
tenance. The voltage mceasuring range i1s 100V to 1-5 kV
and the input resistance is 4 M)

For further information circle 42 on Service Card
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INDUSTRIAL

A new form of thermometer

for industrial application is
described. It is based upon
the mercury-in-glass ther-
mometer, but the capaci-
tance between the mercury
and an external conductive
coating is measured.  Re-
mote indication of tempera-
ture is easily achieved and
an expanded scale about
any desired mean can be
arranged.
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TEMPERATURE
MEASUREMENT

By K. A. FLETCHER*

and stable measurements of small capacitances possible. One application

of this technique permits the column of mercury in a thermometer to be
treated as the inner electrode of a coaxial capacitor and this allows a robust
and reliable measurement of temperature to be made. Mercury-in-glass ther-
mometers are still regarded by the majority of chemists and engineers to be the
most satisfactory indication in the intermediate range and this article describes
a bridge and transducer system built around a precision mercury-in-glass
thermometer.

The implications of this system, however, go beyond the ordinary laboratory
or chemical plant requirement. Mercury-in-glass thermometers suffer from
two principal instabilities which preciude their use if very small temperature
differences, of the order of a few millidegrees, are to be observed. If the
mercury capillary is watched under a microscope when the thermometer bulb is
cooling, it will be seen that the column contracts in a series of small jumps, each
between one and ten millidegrees in length on the temperature scalel.

This effect is due to the compound forces of stiction in the capillary and
contraction of the main mass of mercury in the bulb, which appears to draw
the thin shell of the bulb into an hour-glass shape during each jump. A robust
bulb partly helps to overcome this difficulty but the thermal time constant of
the thermometer deteriorates considerably if the bulb thickness is made too
great. The second instability is due to the supercooled fluid nature of the
glass itself. A drift of a few millidegrees per year is caused by a gradual flow
of the glass in the bulb under the pressure of the mercury. This can be
eliminated by using quartz instead of glass in the construction of the
thermometer.

Experiments conducted with a mercury-in-quartz thermometer fitted with
coaxial electrodes, as described in a later section, have enabled chart recordings
to be made of the jumps occurring due to the cooling of the bulb. Fig. 1 shows
the irregular contraction occurring as the mercury cools. The width of the
chart is equivalent to 0-030 °C and the thermometer was cooling from 250 °C
at a rate of 0-16 °C per hr (1 in. per min chart speed). It was observed during
these experiments that if the thermometer was connected to a small moving-
coil vibrator and gently vibrated at a low frequency the steps disappeared and
a smooth rundown resulted. This move could not be made with an optically
read thermometer but appears to enable the mercury-in-quartz thermometer to
be used as a stable transducer in conjunction with an a.c. bridge? with an
inherent accuracy of at least 0-001 “°C.

D EVELOPMENT of the transformer ratio arm bridge has made accurate

Temperature Measurement and Control

At temperatures of the order of 30 "C. platinum-platinum/rhodium thermo-
couples have a sensitivity of 6 uV per 'C and. while the thermocouple itself is
very stable, the instrumentation required is extremely delicate if a high order of
discrimination is required. A similar difficulty exists with platinum
resistance elements which have a temperature coefficient of 0-0039 per "C.
This means that an element which measures 100 € at a given tempera-
ture will change by about 0-4 Q2 per "C, and if a few hundredths of a degree

*The Wayne Kerr Laboratories Ltd.
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Above : Fig. 1. Chart recording of irregular
contraction of mercury capillary in a ther-
mometer

Right : Fig. 2. Mercury-in-glass thermo-
meter and capacitance transducer arrange~
ment

discrimination is required. a very stable bridge circuit and
recorder amplifier arrangement are necessary. Although
it can be argued that few industrial processes require tem-
perature to be recorded more accurately than one degree
or so, the advent of plant prediction and optimizing tech-
niques requires minute changes to be observed and entered
into the computer rate of change calculations, so that the
maximum time may be available for corrective action to
take place.

Thermistors are gaining popularity as temperature trans
ducers and, while recent work indicates that they are capable
of greater stability and repeatability than was previously
supposed, they are still liable to random fluctuations and
drifts, particularly if subjected to mechanical or thermal
shock, or if they are operated at too great a power level in
the measuring circuit. The advantage of the capacitance
transducer thermometer is that a linear change of capaci-
tance is measured over a large or small range of temperature
according to whether a coarse or fine capillary is used in

Fig. 3. Close up of thermo-
meter scale through conducting
glass sleeve and Pyrex window
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the construction of the basic thermometer unit and therefore
the order of discrimination can be chosen. The calculations
in the next section show that the capacitance for various
diameters of capillary varies as a fogarithmic function, and
therefore the instrumentation problem is made easier for a
large range of sensitivities.

Capacitance Transducer

if the surface of the stem of a thermometer is made elec-
trically conducting, the mercury becomes the second
terminal of a coaxial line as it rises in the capillary, and the
capacitance in picofarads per millimetre is given by the
following formula:—

C=0-242¢ log,, (D /d)

where « is the dielectric constant of the glass
D 1s the inner diameter of the conducting tube
d is the diameter of the mercury column in the capillary tube.

As the diameters I and d occur as a fraction, they may be




Fig. 4.

measured in inches or millimetres, the conversion constants
dividing out.

The capacitance is proportional to the logarithm of the
ratio of the diameters; this means that thermometer
capillary tubes of large diameter do not give a great increase
in capacitance per unit length, as Table I indicates, D in this
case being taken at 0-25 in., a fairly common diameter.

Table |

Diameter of
Capillary (in.) 10

0-002
0-004 1
0-006 I
0-008 |
0-010 |
0-012

If it is assumed that no discontinuity exists between the
conducting tube and the thermometer wall (i.e., that the
diameters are identical and that there is no distortion of
either cylinder) a typical value of capacitance per unit length
would be 0:12 pF/mm, taking the dielectric constant of
thermometer glass as 6-8 and log,, D/d as 1.40. In
practice the conducting sleeve fitting the thermometer stem
is a sliding fit and is cemented in position with a thin film
of epoxide resin (dielectric constant about 3.5), but this
film represents only a minor part of the effective dielectric.

Fig. 2 shows the schematic arrangement of a ther-
mometer assembly. In practice the metal conducting sleeve
surrounds only part of the diameter of the thermometer,
allowing the thermometer scale to be observed visually while
the electrical measurement is being made.

This reduces the electrical capacitance per unit length by
a proportionate amount. A transparent conducting sleeve
is fitted over the foil electrode forming a neutral screen and
preventing flux lines leaving the system to cause errors from
hand movements and surrounding apparatus. This sleeve
is a glass cylinder with a tin-antimony oxide conducting film
fired on to the outer surface only. The oxide film has a
slight bluish tinge, but is transparent enough to permit the
visual observation of the thermometer stem and mercury
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PHASE
SENSITIVE
DETECTOR

Circuit diagram of bridge

column. Fig. 3 shows a close-up of a thermometer scale
viewed through an oxide film electrode. Connection to the
mercury is made by a platinum wire sealed into the bulb and
the oxide film neutral screen prevents external flux lines
occurring between the foil electrode and this connection.
The design of the mercury-in-quartz transducer, required
for critical measurement and control purposes beyond the
limit of visual observation, employs a copper electrode fired
on to the full diameter of the quartz stem. The whole trans-
ducer is placed in a continuous stainless steel tube which
forms the neutral screen, and connection to the mercury
is made by means of a second fired-on band at the bulb.
This band gives a fixed transfer capacitance into the system
in series with the variable capacitance from the capillary.
1t is necessary because at the present moment no satisfactory
means appears to exist for sealing platinum wire into quartz
and the slight non-linearity occurring is perfectly stable if
fired-on electrodes are used. Five per cent non-linearity
occurs if the bulb electrode capacitance is 20 pF and the
mercury has risen to give 1.0 pF capacitance in the stem.
Both types of transducer can be made to cover portions of

with

Fig. 5. Thermometer bridge together mercury-in-glass

transducer
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the temperature scale up to at least 200 "C, and Jow tempera-
ture versions employing mercury-thallium alloy can be made
for temperatures as low as —55 °C.

Transformer Ratio Arm Bridge

The measurement of smail capacitances requires, apart
from a neutral electrode facility, extreme stability in the
bridge network. Both requirements are met by the trans-
former ratio-arm bridge, which is now in general use where
capacitance transducers measuring small distances, vibra-
tions, permittivity, etc., are employed?.

Fig. 4 shows the basic arrangement of a self-balancing
bridge capable of operating a chart recorder, control system
or alarm circuit.

The amplitude-stabilized oscillator feeds a transformer
providing a phase reference voltage and the unknown volt
age E,. The resultant unknown current I, flowing through
the impedance of the thermometer Z,, is practically balanced
by I.. the feedback current derived from E, and Z,. E,
being the output voltage from the high-gain amplifier which
is applied to the phase-sensitive detector. Because I,, and I,
are almost equal very little voltage appears across Z;, and
Z,, shunts the transformer secondary. These elements,
therefore. do not affect the accuracy of measurement.

In the phase-sensitive detector the reference voltage is
added to and subtracted from the amplifier output to
provide sum and difference signals which are rectified to
provide a d.c. output. The phase-sensitive detector ensures
that the indicated impedance is a true capacitance and is not
influenced by the tan & term for the glass wall of the ther-
mometer.

If it is required to record from only a part of the ther-
mometer scale a third secondary can be wound on the
voltage transformer, indicated by the dotted winding, pro-

Stroboscopic
Testing of
Motor Generator

To maintain the high accuracies required,
the motor generarors governing the fuel
flow in B.O.A.C.s aircraft are checked
during regular servicing by means of an
E.M.I. stroboscope. The high speed
rotating mechanisms in these generators
are illuminated with flashes of light, so
rimed that the rotors appear stationary.
The speed can then be determined
accurarely by reading off the frequency
of the livht flashes on the stroboscope
dial

Fur further information circle 43 on
Service Card
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viding a ‘backing-off’ current enabling part of the capaci-
tance of the transducer to be cancelled. If Z, is a capaci-
tance such that 0 pF occurs at 10 “C (the mercury column
just entering the coaxial electrode at this point), and 6 pk
capacitance is measured when the mercury is at 40 (. the
output voltage from the phase sensitive detector can be
made to cover say 30-40 “C by backing off the first 4 pI-,
adjusting Z, (a pre-set capacitor), and setting Z, (a
second pre-set capacitor), so that the remaining 2 pl- gives
the required maximum output voltage. By this means ‘zero
and span’ adjustments are possible, and by tapping this
secondary winding in 10 equal taps a decade control can
be added so that a progressive backing off is provided to
give a series of outputs, each step being one-tenth of the
scale covered by the electrode system.

Fig. 5 shows a complete self-balancing bridge together with
the mercury-in-glass transducer illustrated in Fig. 3. The
decade switch is arranged so that the meter indicates any
step of one degree between 20 and 30 'C. A chart recorder
or control circuit can be attached in parallel with this meter
and an additional tap on the first secondary winding E,
provides a voltage of one-tenth the normal voltage so that
the output circuit, and hence a chart recorder, can indicate
the full range 20-30 “C if desired.
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VAGUUM
AND GAS
PHOTOGCELLS

By J. SHARPE, B.Sc., AAM.I.E.E.*

There are so many industrial applications of photo-
electric cells, that a wide variety of types of cell is
needed to meet the requirements. This article
describes the characteristics of that broad class of cell
in which the action takes place in an evacuated]or
gas-filled envelope, usually of glass.
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A range of photo multiplier tubes
made by E.M.1. Electronics Ltd.

ITHIN the visible spectrum of 0-4 10 0-76 micron.
\;s/ the sensitivity of the eye varies in the way shown
in Fig. 1. If light values are to be recorded
instrumentally so that they correspond with the brightness
seen by the eye. :he spectral response of the photoce!l must
approximate to this curve and this usually necessitates the
use of correcting filters between the light and the photocell.
Visual l:ght power is measured in iumens. 4 ‘umens
being emitted by a standard candle. However. this is now
often expressed in terms of the radiation from a standard
tungsten lamp operating at 2.870 ‘K. The power in one
lumen between 0-4 and 0-76 micron wavelength, from
such a lamp is 6 mW. The spectral content of light from
a hot body depends very much on temperature, as shown in
Fig. 2. but it must be remembered that gas-discharge lamps
give quite differen: distributions of energy with wavelength.
The range of wavelengths with which we are concerned
in this article s shown in Fig. 3. togetker with indications
of the upper and lower cut-off wavelengths of transparent
materials used for windows and the relative quantum c¢nergy
in electron-volts.

Photoelectricity

Light interacts with matter in the form of ‘packets’ ot
energy. or ‘quanta’. of value 1-238,A electron-volts per
micron. The electron volt is equal to 16 x 10-!2 erg. and
one jumen of green light. of power 1-6 mW. is carried by
4.5 X 10'> quanta. or photons, of 2.55 eV.

When a quantum is absorbed it may overcome the forces
binding an electron in place, and in a photosensitive
material the electron may be ejected from the surface
(phctoemission). or may bke free to move about the solid

*E M.I Electron-cs Lid.
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under the influence of an electric field (photovoltaic and
photoconductive effect). The electron binding energy sets
a threshold to this eftfect. so wavelengths longer than a
critical value. depending on the material. give no photo-
electric effect. but as the quantum energy increases past
the threshold the effectiveness increases 1o a maximum to fall
off again as the higher energy quanta are absorbed in the
window of a photocell. or in insensitive surface layers.
The spectral response curves of photoelectric materials
suitable for photoemissive cathodes are thus as shown in
Fig. 4. rising to a maximum and falling off again at shorter
wavelengths, and the sensitivity is expressed in quantum
efficiency (electrons per photon). although the curves could
have been drawn in terms of amperes per watt of radiation.

Photoemissive Cells and Multipliers

Two types of photocells are shown in Fig. 5. (a) having
an opaque cathode. while (b) has a semitransparent surface.
In both types a thin layer of metal. such as antimony. is
evaporated Iin vacuo at room temperature. and then
exposed to caesium vapour at 150 C to form SbCs,. At
room temperature the Cs vapour pressure drops to 10 ¥ mm
Hg (other surfaces are formed by reacting Cs with AgO.
with BiAgO. and with Sb(NaK),). Under illumination,
electrons arce emitted from the cathode and drawn across to
the anode. which is at 30 to 150 V. The sensitivity may
conveniently be expressed in microamperes per lumen of
incident light from a lamp of colour temperature 2.870 °K
(Table 1). The smallest measurable intensity is set by the
cathode sensitivity, by the dark current flowing from the
cathode due to thermionic emission. by leakage. and by
noise which may be shot noise from the cathode and dark
current, or Johnson noise from the anode load. In all but
the most carefully made cells. leakage and Johnson noise
predominate at low light levels (Table 2). Vacuum cells
are almost always operated with high values of anode load
in excess of | M!2 and sometimes as high as 1012 £, under
essentially d.c. conditions for the accurate measurement of
medium to high light levels in photometers, etc.

The eftects masking the fundamental limitations of dark
current and shot noise can be minimized if the cathode
current is amplitied before reaching the anode. and this is
done in gas-filled cells. which contain a low pressure of
argon. As clectrons move from cathode to anode they
cause multiple ionization in the gas. giving free electrons
and positive ions, and the gas multiplication factor rises
rapidly as the voltage across the tube increases. typically
going from unity through 5. to 10. as the voltages rise from
IS V. through 65. to 85 V. Gains higher than 20 are
rarely used. and a protective resistance of some 100 kQ
must be used to prevent damage under excessive illumina-
tion. The frequency response of this type of cell is limited
by de-ionization effects. and falls off sharply above 10 kc/s.
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TABLE 1
TYPICAL PHOTOCATHODES
(Glass windows except where notedt)

Photocathode Form
SbCsO (S-11) Semi
transparent
SbCs (S-4) Opaque
SbCs (EMI *S7) .. Semi-
transparent
Sb(NaK)Cs (S5-20) -
BiAgOCs (S-10) ’
AgOCs (S-1) .. 0
Mg (quartz win-
dow) .. .. .
TAu (quartz win-
dow) .. .. -

FRRR 2K

Peak Sensitivity
— Long Typical
Quantum Wavelength  Sensitivity
A Efticiency Threshold (2,870 K
lamp)
Electrons
m photon m uA L
42 015 0-67 60
45 0-10 0-7 40
42 0-12 0-65 40
44 0-20 0-85 150
45 0-05 0-8 35
8 0-004 1524 15
(also in blue)
o) 0-004 0-39
o) 0-0001 to 0-27
0-00001

but this is of little importance for its main use in film

projector sound heads.

Photomultipliers

A more effective way of achieving noiseless current
multiplication is by the use of secondary emission. and the
most commonly used arrangements are shown in Fig. 6.
EFach of the intermediate electrodes between cathode and
anode, the dynodes, is coated with a good secondary emitter
and run at a positive potential to its precursor so that elec-
trons are accelerated from the cathode on to the first dynode,
and then on through the tube. producing secondaries at
each dynode. Since the number of secondaries per primary
electron varies with incident electron energy as the voltage
to the power of 0.7 for the commonly used SbCs dynode
coating, the overall gain for a tube with n dynodes fed in
the usual manner from a potential divider chain with a total

supply voltage of I, varies as VY%, Since n is usually
between 9 and 15, the supply voltage to a p.m. tube must
be very accurately controlled it stable gain is to be achieved
(Fig. 7). Of the dynodes illustrated, the box and grid type
is the most efficient, with the highest gain for a given volt-
age. while the focused structure has the fastest time
response, with an upper frequency of 300 Mc¢ s compared
with the 50 Mc/s of the box and grid. The venetian-blind
type is intermediate for gain and speed but gives the best
dark current.

I:lectrons from the cathode, whether photoelectrons or
thermionic in origin. are multiplied to give an output current
linearly proportional to cathode current. until the voltage
across the tube gives a gain so high that feedback from
anode to cathode occurs, and the limiting gain thus defined
depends on the tube design, but varies from about 107 for
box and grid. to 10° for venetian blind. In all cases. how-

TABLE 2
CHARACTERISTICS OF VACUUM AND GAS PHOTOCELLS AND PHOTOMULTIPLIERS

Cathode
Type Sens’y Av. dark Type Gain
(Amps per  Area current
lumen (cm?) at 20 C G
10°%) (Amps
S 10 ')
(a)
S4 50 2 10 ® vac. 1
N 20 3 20 vac, 1
S1i 30 10 5 10 3 vac, 1
S4 30 4 — gas 10
N 12 4 gas 10
'S’ 40 1 3 10 @ mult. 10
Sl 70 15 6 103 mult. 107
M| 20 15 100 mult, 10%
S20 170 15 102 mult, 10%

Max. Equiv. Equiv, Typical Johnson
anode light light anode noise
dark power noise load (equiv.
current (lumens) (lumens) (£2) lumens)
NS Gs o 2eRGA) k \ (0-1eA f1R)
In GS GS
(h) (c) (c)
0-05 108 3 10® 107 10 ®
0-05 3 10 3 3 10°* 107 10 *
10 ° 3. 1012 6 102 10" 10 '
01 3 10 ¢ 6 10 S 10¢ X 10 0
0-1 8 < 10 2 10— 5 10% D 1010
102 3 1012 2 1013 10* 4 - 1018
01 2 10 ' 2 1012 108 2 10 18
20 10°° 3 10°® 10* 10 '*
102 5 1o " 3 10-'# 10¢ 1O

Notes: (a) St cathode is AgO-Cs; S4 is SbCs, opaque: S1! is SbCsO, semi-transparent; 'S" is E.M.I. low dark current SbCs: S20 is

Sb, NaK, Cs.

(b) Anode dark current /p is specification maximum, including leakage.

(c) Figures are for a bandwidth Afof | ¢/s.
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Fig. 5. Two ways of forming a photo cathode are shown here.
Ar (q) the cathode is of opaque construction, at (b) it is semi-
transparent.  For convenience, the anodes can incorporaie an
evaporator for the deposition of a component of the photo cathode;
e.g., Sh

>

Fig. 7. These curves show the variation of gain with overall
voltage for various dynode systems in photomultiplier tubes and
for different secondary-emitting surfaces
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ever. p.m. tubes are able to give a gain high enough to make
shot noise the limiting factor in wide bandwidth measure-
ments (Table 2).

P.m. tubes. as shown in the photograph. are made in a
range of sizes. from 4 in. to 16 in.. and with four basic
cathode types. namely SbCs; Sb-NaK.Cs; Bi.AgO,Cs;
and AgO.Cs. but a number of others is also employed. The
ability of p.m. tubes to operate right down to the funda-
mental shot-noise limit makes them suitable for television
flying-spot film machines. while their low dark current is of
great importance in spectroscopic apparatus. Their high
gain and fast response has, in addition, created applications.
such as the scintillation detection of low energy nucleonic
particles, which would otherwise be impossible.

The whole range of photoemissive cells has a fundamental
upper temperature limitation of about 60 “C when caesium
is used. although the bi-alkali surface, NaK-Sb can be used
up to 150 “C. while the lower temperature limit is between
—80 and 180 "C. Very good rugged-ization can be
achieved. and p.m. tubes capable of withstanding accelera-
tions of 50 g over the range 20 to 2.000 c/s are available.

ELECTRON EMISSION FROM

The use of a reversed-biased p-n junction in a valve in
place of a thermionic cathode is being investigated at The
Hirst Research Centre of the General Electric Co. Ltd.
An obvious advantage is the great reduction in the cathode
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The three broad classes of cell discussed here are the
vacuum type. the gas-filled type, and the vacuum with a
built-in electron multiplier, that is, the photomultiplier. As
already mentioned. they each have their own sphere of
application. The uses of the vacuum type are now mainly
the measurement of light intensity. The gas type is not very
suited to this and its use is now largely confined to the sound
heads of ciné-film projectors. Apart from its television
applications, the photomulitiplier tube finds much use in the
nucleonic field and is even employed in astronomy—for the
measurement of the light intensity from stars.

There are further classes of photocell which are very
important in industry. These are the solid-state or semit-
conductor types and these will be described in a further
article.
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power supply for the reverse bias should consume less
power than a heated cathode. It is expected that it will
prove possible to obtain very high current density.

The high electric field which exists in a reversed-biased
p-n  junction produces
energetic electrons and
some have sufficient energy
to be emitted into a
vacuum. Silicon junctions
have been developed with
a thin n-type layer on a
p-type base. Because of
the thinness of the n-type
layer electron emission can

occur over the whole
area.

Silicon-carbide  grown
junctions. however. give
emission only from the
periphery.  The inset to
the photograph. which

shows experimental work
on the new cathodes. illus-
trates the electron-emission

pattern imaged on a
fluorescent screen. The
dotted lines indicate the

outline of the crystal.

So far currents of 30 1A
have been obtained. but
there is no reason to sup-
pose that this is the limit.
It is a small current, but it
is enough for some
applications and it is
expected that  further
development will enabie
the current to be increased.
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Simulators are being increasingly
used for training purposes because
they are cheaper and safer than

using real aircraft. Efforts are

continually being made to improve
the degree of simulation and in
this article is described the latest
development, a colour picture of
an airfield viewed by a colour
television camera under the con-

trol of a computer.

SIMULATOR is basically a
Adevice which imitates the per-

formance of some other device.
it 1s a form of analogue computer
which provides outputs which. instead
of being in numerical form are of the
same kind as the real device. A simu-
lator i1s normally used for training
purposes because it is cheaper or safer
to train an operator with a simulator
than with the real device.

One example is in training air-
traffic control personnel. In this case.
the trainee has a normal radar display
unit. However, the echoes which
appear on it to represent aircraft in the
vicinity are not signals from real air-
craft. They are pulses generated in a
simulator under the control of an
instructor. He turns knobs on this
instrument and it produces output
signals which simulate those which real
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aircraft would produce in the opera-
tional system. A factor of special im-
partance here is the ease with which
emergency procedures can be taught,
for the instructor can set up dangerous
conditions, such as ‘aircraft’ on a
collision course. in a way which would
be quite inadmissible in reality.

This is a relatively simple example.
Much maore complex is a simulator for
pilot training. The aim here is to have
a full-scale model of the cockpit of an
aircraft complete with instruments
and controls. Not only must all the
instrument readings vary correctly
with control movements as they do in
the real aircraft, but the whole cockpit
musi so move that the pilot has the
same feeling of movement as he would
have in the real aircraft. ldeally. too.
he would be able to see a coloured
moving picture of the normal view

The VC-10 airliner

FLIGHT SIMULATORS

ahead; this is especially important
during ‘take-off’ and ‘landing’.

Although the cost of such an
elaborate simulator is naturally con-
siderable. so is the cost of flying a
large modern aircraft. With the
simulator the bulk of a pilot’s train-
ing can take place on the ground and
he can have many hours ‘flying time’
very cheaply.

The modern flight simulator is a
descendant of the early Link trainers,
conceived and built by Ed. Link in
the U.S.A. Various trainers were
built during the War for the Royal Air
Force and the United States Air
Force. Among these were the
elaborate celestial Link trainers. the
Silouth trainer and the mechanical
computing simulators built by R.A.F.
personnel at St. Athans for some of the
war-time bombers.
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Fixed-Base Simulators

The first simulator recognizable as
belonging to the modern family was
designed by Dr. Dehmel for the Boeing
B377 Stratocruiser and it was built by
Curtis Wright for Pan American Air-
ways. A second simulator, also for
the B377, was built for B.O.A.C. in
this country by Redifon ; this firm also
built the first jet transport aircraft
simulator for the Comet 1.

The first B377 simulator went into
service in 1948 and subsequently others
were developed for other aircraft and
were widely used. With them the air
crew not only learnt cockpit drills and
the procedures for engine and systems
handling but carried out these pro-
cedures and emergency drills while
‘flying” the simulator to maintain a
correct course as laid down by
simulated radio aids. These early
trainers were fixed base; that is, the
cockpit was stationary and gave the
crew no sense of motion.

Movable-Base Simulators

With fixed-base units simulation was
not complete for, in fact, a pilot gets
a lot of information almost uncon-
sciously from the ‘feel’ of the aircraft.

It is highly desirable that the cockpit
should move in such a way that to the
pilot the movements feel like those of
the real aircraft. As the need for this
became appreciated, aircraft them-
selves were increasing in complexity,
and the demands on the simulator
consequently  increasing. It  was
necessary to bring in cabin pressuriza-
tion, hydraulics, power plants and so
on, and to improve the accuracy of
flight computation. At the same time,
with the increasing flying costs, the im-
portance of a simulator for training
was getting greater.

These improvements have all proved
possible and are found in modern
simulators. It is in computer tech-
niques and components and in
hydraulic components that the more
important developments have taken
place. Motion of the cockpit in three
axes can now be obtained, giving a
rotation in pitch, a vertical component
of acceleration and a lateral com-
ponent of side forces and some aspects
of roll. Unless such physical cues are
provided the pilot is dependent upon
watching his instruments at all times to
maintain his correct course, attitude
and altitude. In an actual aircraft,

however, the pilot is subjected to
acceleration cues which allow him sub-
consciously to check the aircraft’s
behaviour before reading his instru-
ments for confirmatory information.
Lacking such cues in a stationary
simulator, the pilot must look to his
instruments for initiating information
which, of course, is unrealistic; also
it necessitates the use of incorrect
damping of the simulator if the pilot
is to fly it in a satisfactory manner.
Modern movement systems are of
sufficient magnitude and controlled by
sufficient power to provide the
acceleration cues in phase with the
computer, even though the simulator
fuselage with the crew in it may weigh
as much as two and a half to three
tons.

Visual Aid

Eve