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NOTES ON FIFTH NATIONAL ELECTRONICS CONFERENCE

Held in Chicago on 26, 27, 28 September, 1949.

Unclassified
(NOTE: Appendix A comprises photostats of official abstracts

of all papers presented to the Conference, These should be
referred to in conjunction with the followi ng report,)

1, "Neutron Irradiated Rectifiers™ -- Lark-Horovitz, et al

Interesting and useful effects can be obtained by bombarding various
semi-conductors with neutrons from a neutron reactor, or deuterons from a
cyclotron or sample of polonium, The usual equivalent circuit for a semi=-
conductor rectifier is shown in Fig, 1. For germanium, spreading resistance
R, is found to be smaller by a factor of 10-30 than @ /24, the value expected
from bulk resistivity measurements, It is also an inverse function of applied
voltage in the forward direction, The bulk resistivity of germanium is a
direct function of temperature,

Irradiation of germanium produces new types of semi-conductors by
transmutation of some germanium atoms to gallium, @Gallium is to the left of
germanium in the periodic table, and thus the gallium ion forms a defect type
(P-type) impurity centre, There is also some transmutation to arsenic,
causing a lesser number of N-type impurity centres; however, at room temper-
ature these merely neutralize an equal number of the gallium ions, It is
also believed that neutron bombardment causes the germanium atom to take up
an interstitial position in the lattice, producing two new energy levels,

Bombardment of silicon, selenium, cuprous oxide, and tellurium
transforms these materials from conductors to insulators, Germanium, on the
other hand, is transformed from an electron-conducting material (N-type) to
a hole-conducting material (P-type). Fig, 2 illustrates this effect,
Conductivity in the forward direction is plotted agzainst bombardment time,
Conductivity is measured at less than 0,15 volts in the forward direction,
Below this voltage current is determined mainly by the barrier layer, The
solid curve represents a material having relatively low defect-type conduc-
tivity (low concentration of impurities), It is seen that conductivity
increases by a factor of 40 under bombardment, The broken curve represents
an initial material having a high concentration of excess type impurity,

The decreasing conductivity with bombardment is caused by production of
P-type impurity centres which neutralize the existing centres,

Radiation of a partially shielded sample of germanium with deutrons
can then produce a piece having both P- and N-type germanium, It is believed
that this process can produce synthetic rectifiers, photocells, trigger-
photocells and photoconductors,
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Much further work remains in this field, TFor example, it is not
yet understood why the behaviour of germanium differs from that of silicon,
The above results hold at room temperature, but some work has been done at
dry-ice temperature where the effects are appreciably different,

2. "ow-Frequency Noise in Transistors" -- H, T, Mooers

A new equivalent circuit for the transistor was presented (Fig, 4),
electrically equivalent to the old circuit (Fig. 3), but simpler for purposes
of calculation, Note that the subscripts e and ¢ refer to emitter and
collector respectively., Ry, and R,y are then transfer resistances, The
equivalent circuit refers, of course,to small alternmating-current signals
about the operating point,

Noise power over the range ten cycles to ten kiloeycles was found
to vary inversely with frequency at 3 decibels per octave, with a noise factor
of 77 decibels at 10 cycles., Adjustment of operating parameters for maximum
gain will also give best signal-to-noise ratio, An indication of the limit-
ation of present transistors for low-level amplifiers can be gained from the
following results: with a band of 30 to 15,000 cycles per second, the
integrated noise has the same power as a 0,15 millivolt input signal, It
was stated that transistor noise has more high peasks than are predicted by
a gtatistical analysis of Johnson noise,

3. "Experimental Examination of Rectifier Theory as Applied to the Selenium
Rectifier" -- H, W, Henkels

A vast amount of detailed data was presented on the selenium rectifier,
with little correlation with current theory,

be "Figld Effects in CGermanium and Their Relation to the Transistor Problem”
~- R, Bray

Transistor action is not of course, instantaneous, Considerable
insight into the theory of transistors and semi-conductors in general can be
gained by studying their action as a function of frequency, Three effects are
involved in the operation of a transistor (Fig, 5): (1) injection of holes
from the emitter; (2) the passage of holes through the germanium, and (3)
collection of holes by the collector, Experiments using the Hall effect
indicated that the hole concentration increases with applied electric field,
Holes are injected from the positive contact in N-type germanium; electrons are
injected from the negative contact in P-type germanium, A typical operating
characteristic for a transistor using P-type germanium is shown in Fig,. 6.
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The application of light to the transistor surface, or the application of
a negative bias to the emitter will produce the alteration to the character~
istic indicated by a broken line in Fig, 6,

With N-type germanium the electric field has two effects;--it
decreases the barrier against injection of holes, and determines the depth to
which holes will penetrate, Depth of penetration is determined by the
following relation:

D = bEYT A (1

where D is the depth of penetration
b is a constant depending on the mobility of the holes
E is the applied field
™ 1is the lifetime of the hole

T is proportional to where N is the electron density per cubic centi-
metre, N is approximateﬁy lO15 for a high resistivity material, The number
of injected carriers is geveral times greater than N but no positive space
charge is observed, from which it is assumed that there is a compensating
increase in the number of electrons in the germanium,

The preceding remarks do not apply to units suitable for ultra-high
-frequency mixers, These units employ low resistivity germenium in which
injection of carriers and field effects are negligible, It does, however,
apply to the high back-voltage type. With these types the back resistance had
been reported previously to decrease upon the application of alternating
~current signals having a positive cycle, This can be explained simply by
the reduced depth of penetration by holes at higher frequencies. The germanium
used in transistors is similar to that used in high back-voltage rectifiers,

5 "A Universal-Application Cathode-Ray Sweep Transformer with Ceramic Iron
Core" -- C, B, Torsch

Generation of high voltage for the cathode-ray tube in a television
receiver from the stored energy in the deflection yoke imposes severe require-
ments on the yoke-coupling transformer, This paper described detailed circuits
which meet these requirements, and employ a transformer which has a ceramic
iron core (see Fig. 7). This circuit is for a 50° sweep on a kinescope such
as the 10FP,., Regulstion of the high voltage output compares favourasbly with
typical radio-frequency supplies, One major advantage over radio-frequency or
pulse systems is the absence of any freguency which can cause interference,
Universal windings are used on the transformer, and the core is a C~type, having
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two LO-mil gaps, Very close coupling is necessary,

Little information was given about the ceramic iron, but it was
stated that it is a ferrite crystalline structure having few free electrons,
and was first reported in 1907 by Hilpert, It has high permeability and low
loss due to its high resistivity. The ceramic iron will fail at temperatures
above 120°C, as it has a low Curie point,

6, "Two New Image Orthicons™ -- James, Johnson and Handel

The RCA Type 5820 image orthicon represents a considerable improve-
ment over the original storage tube, Type 1850-A, Spectral response has been
brought into closer agreemsnt with that of the eye, A sharp saturation in
output signal at approximately ,01 foot-candles (corresponding to an output
of 2 microamperes) has been obtained, This allows compression of the whites,
producing an improved picture on today's kinescopes, and reduces blooming,

The image side of the target contains a 500 per inch metallic mesh,
Fabrication of the mesh was illustrated by slides. A 500 per inch grating is
ruled on glass with a diamond point, An undisclosed metal is sputtered on the
glass, and the excess removed by hand., This removal is a very skilled oper=-
ation, Copver or nickel are then plated on, and the mesh is removed from the
master, under the surface of the electrolyte,

Wrinkles are removed by hand, and the mesh is mounted in a frame
and heat-treated in a hydrogen furnace to degas it, and also to tighten it,

The target itself is of thin blown glass of carefully controlied
resistivity. The photo-surface is a commercially secret mixture of bismuth,
silver-oxide and caesium, The photo-multiplier is a new design and has a gain
of three or four per stage., A considerable improvement in shelf-life
expectancy has been realized by reducing evaporation of the bismuth, Memory,
or burning, difficulties have also been reduced, The tube is satisfactory for
colour television,

e "Pywo New Television Tuners" — M, F, Melvin

The television tuners were not described for reasons involving
patents, The successor to the Mallory "inductuner" was described in detail,
It consists of ganged sections of a flat spiral inductance having a rotating
brush contact with a life of 25,000 complete cycles, It tunes 55 to 215 mega-
cycles with a 10 micromicrofarad capacitor; the Q is about 150, The general
principles of using variable inductances to tune television receivers were
described, including several ingeneous circuits for use in television receivers,
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Fig., 8 is for the present television bands, and Fig, 9 for the proposed
UHF band., The ganged element is the main tuner, and the other variable
elements are for tracking, Fig. 10 shows one physical form of the elements
Lpys Lpy end LS from Fig, 9. It is constructed of tinned copper wire, and
has an appearance and cost of production ccmparsble to a safety pin, The
points marked "S" are soldered during factory alignment of the circuits,

Examples of best local oscillator tracking obtainable are given
in the following table:

Oscillator Error in

T i y
: Channel : Magacycles :
T b )
' 2 ' ~0,02 !
' 4 ' +0,25 !
) 6 ' ""Oo 55 '
' i ' +0,65 '
t 10 ' +0085 .
v13 ' -0,15 i
' t 4

g, nrTheoretical Limit to Time Difference Measurements®" -~ D, Richman

This paper treats a problem with application to accurate radar;
namely the precision with which the time of arrival of a signal can be deter-
mined. It was stated that the carrier of a modulated signal contains more
precise information than the envelope; however, there is an ambiguity as
to which ecyele of the carrier is being measured, A very precise system
could be devised if the carrier could be used for measurement, and the
modulation envelope used to regolved the ambiguity,

9. "Blectronic Contour Mapping” -- R, C, Raymond

It is proposed to print automatically a contour map from information
supplied by an airborne scanning radar, It should be appreciated that this
system has fundamentally one more dimension than the airborne radar recording
altimeter, in that it prints a contour map for a strip four miles in width,
Fig, 11 shows the method of scanning; ¢ is varied sinusoidally, © is fixed.
(Note that a pencil beam, not a fan beam is used,) Using the computer shown
in the block diagram (Fig, 12), the radar information is converted to a signal
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proportional to altitude, This siznal is converted to a linear position
on the cethode-ray tube. The cathode-ray tube image is projected onto a
multiplier photocell; an intervening slotted mask interrupts this signal
unless it represents certain discrete values of altitude, The signal is
then fed to a printer having a moving film synchronized with the forward
velocity of the aeroplane, and incorporating a lateral motion of the record-
ing element synchronized wi th the antenna scan, It can be seen that the
mask generates the contour lines, If the mask itself is rotated, and the
slots corresponding to certain contour lines are broken, broken lines will
be printed on the contour mep at, for example, 500-foot intervals. The
reference for altitude is an aneroid altimeter,

Provided that the yaw, roll and pitch of the aircraft are held
to two or three degrees, appropriate corrections can be computed automatic-
ally and applied to the printer., Small angle assumptions are used; the
reference directions are established by gyroscopes,

The reflectance printer of Fig, 12 prints a variable density map
of the normal radar information. The following constants are proposed for
the system:

Scanning speed 120 r.p.m.
Pulse recurrence frequency 720 per second
Contour interval 150 feet

Map width 4 miles

Speed of flight 150 nm,p.h.
Antenna aperture 30 inches
Wavelength 1 centimetre

No components of this system have as yet been built,

10, "wave Guide Attenuation ¥easurement by a Cavity Decrement Method"
s’ Wo Ao Tyl‘ell

The use of short-circuited lengths of over-sized circular wave guide
in the TEp, mode can result in values of @ in excess of 500,000, The Q can
be measured by the method shown in the block diagram, Fig, 13. Ringing of the
cavity is indicated by a typical A-scan, as shown in Fig, 14, An attenuation
of say 4O decibels is introduced in the intermediate-frequency amplifier, and
the shift in apparent ringing time is measured by the precision ranging unit,
Trom this data the Q is easily determined., Various precautions are necessary:
for relatively low Q's, blocking of the crystal mixer must be considered;
possible degradation of Q due to excitation of other than the desired mode is
eliminated by measurements at various cavity lengths, Experimental work was
done at a wavelength of 3,2 centimetres using 5-inch I,D, copper wave guide,
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These constants allow 39 unwanted modes,
Values of attenuation-constant within 2 per cent of the theor-~

etical values have been obtained with carefully polished cavities,

11, "Automatic Calibration of Oscillator Scales" -- W, J. Means and
T. Slonczewski

The need for automatic calibration of production variable-frequency
-oscillators arose primarily from the tedious nature of hand calibration, In
Fig., 15, A is a standard hand-calibrated oscillator carrying its calibration
on moving film strip B, This strip is deliberately off-set by 60 cycles, An
optical system forms an image of the calibration on the sensitized film strip
C in the oscillator which is undergoing calibration, A 60-cycle synchronous
motor drives the tuning condenser of this latter oscillator, while the standard
oscillator is driven by a similar motor which derives its power from a modulator
comparing the output of the two oscillators, The film strips, of course,
replace the conventional dial in the completed instrument., Two thousand
oscillators have now been calibrated by this method.

A second system has been built which is applicable to higher
frequency oscillators, In this system all harmonics of a standard 10-kilocycle
signal, up to the two-thousandth, are generated, The oscillator under test
is tuned by a motor, and a calibration line is printed on the sensitized £ilm
as each harmonic beats with the oscillator frequency.

12, "The Electronically-Driven Ripple-Tank as an Aid to Phase-Front
Visualization®™ -- A, H, Schooley

Information about the performance of various antenna structures is
gained from the analogy between electromagnetic propagation and propagation of
ripples on the surface of water, The apparatus is shown in Fig, 16, A is
a mechanically-driven member simulating an antenna feed; B 1is a model reflector;
the configuration of the ripples is emphasized by illuminating the tank with
a light source interrupted at the oscillator frequency. The scaling equation
is as follows:

Model dimension Antenna dimension
A of ripples N

It is obvious that no difficulty is caused by the dependence of velocity of
propagation on wavelength in water, Some aspects of antenna behaviour are
well illustrated with this system; for example, with large scanning angles of
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up to 40 degrees, obtained by moving the feed only, a circular reflector
appears much superior to a parabolic reflector,

Wave guide lenses can be simulated; however, the analogy in this
case is poor,

Build-up of antenna excitation can bte studied qualitatively, This
is comparable with the long-line effect in wave guide runs, It is interssting
to note that this build-up will become importart as the apertures of antennas
approach the free-space length of the pulses involved,

It should be emphasized that this technique, applied to electro-
magnetic propagation studies, is by no means as precise as the rubber-model
or plotting~tank methods for investigating electrostatic problems,

13, "Electromagnetic Waves in Circular Wave Guides Containing Two Coaxial
Media" -- R, Teasdale and T. J, Higgins

Propagation of electromagnetic energy in a circular metal wave guide
containing an inner dielectric wall has been studied. An interesting aspect
of this case is that the phase velocity is less than that of light. Values as
low as O.4c can be obtained, For this reason this type of wave guide may be
useful in & linear accelerator, The elliptical and parabolic cases have also
been studied, The mmrabolic case was not solved, due to the difficulties of
handling Weber's equations., Assistance on this point was requested from the
audience, but there were no suggestions,

14, nSmall Surface Microwave Diffraction" -- A, Applebaum and P. C, Fritsch

Investigation of Fraunhauffer diffraction for a conducting plane
approximately one wavelength in dimension has been carried out. Agreement
with theory is good up to 30° incidence, in spite of various approximations in
the theory,

15, "The Magnetic Cross Valve" -~ H, J, McCreary

Interesting properties are found in a magnetic device having the
configuration of Fig, 17 or Fig, 18, The application of 60-cycle voltage to
the input coil results in no output voltage, since mutual inductance between
the two coils is negligible, However, the addition of a capacitive load on
the output circuit produces an output voltage which may be a multiple or a
sub-multiple of the input frequency, Super-imposed direct current, added by
the rectifier A may be necessary to start the device, Operation is not
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completely understood, and the author welcomes a theoretical analysis., It
appears that progressive saturation starting at the edges of the core causes
flux linkage between the two coils with a mutual inductance M which itself
is a ginusoidal function of frequency,

The locus of the total instantaneous flux vector follows a
lissajous figure; for example Fig., 19 or Fig, 20, It can be seen that the
number of flux reversals per second through one coil is integrally related
with the number through the other coil,

Efficiencies of 70 per cent are realized, and the device has
practical application as & frequency changer,

16, ™An Automatic Built-In Antenna for Television Receivers" -- K. Schlesinger

A production television antenna suitable for mounting within the
receiver cabinet was described, Several can be stacked for greater vertical
directivity, Good patterns and absence of nulls are obtained on all present
televigion bands, The antenna appears to act as a pair of crossed dipoles on
the high-frequency bands, and as a ring radiator on the low-frequency bands,

17. ™A Progress Report on Development of the Travelling Wave Tube as a Power
Amplifier" -- S, E. Webber

The following are typical operating conditions for the tube under
discussion:

Gain 30 db
Bandwidth 20 megacycles
Efficiency 20 per cent
Centre frequency 500 megacycles
Output power 1 kilowatt

The general structure is indicated in Fig, 21, An attenuator is
necessary to prevent oscillation, After an exhaustive investigation it was
finally decided to use a value of 20 to 30 decibels obtained with an exterior
coating of Aquadag,

18, nCoupling between Two Degenerate Cavity Modes through Slots Cut in the
Cavity Walls®-- H, C, Hua

In Fig, 22, J; eand Jy represent the surface currents associated
with two modes of oscillation in a resonant cavity. A slot S in gereral will
cause coupling between the two modes,
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The best orientation for the slot is parallel to the resultant current
vactor, To obtain appreciable values of coupling coefficients, slots of con-
siderable length and complexity of shape are required, and fabrication is
extremely difficult,

It would appear that the same results could be obtained much more
readily using two coupled cavities,

- 000 -~
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(b) “"Radial-Beam, Velocitx-Modulated Microwave Tube'’
by Chester G. Lob and D. F. Holshouser, University of
Illinois.

(c) “The 6BN6 Gated Beam Tube' by Robert Adler,
Zenith Raaio Corporation, and A. P. Haase, General
Electric Company.

(d) “Volume Deionization Processes at Iono heric Pres-
sures’” by O. T. Fundingsland and G. E. Austin, Cam-
bridge Field Station, USAF.

2. ELECTROMAGNETICS, North Terrace, Robert E. Beam
presiding.

(a) “Electromagnetic Waves in Circular Wave Guides
Containing Two Coaxial Media’ by Robert Teasdale,
Georgia Institute of Technology and Thomas J. Higgins,
University of Wisconsin.

(b) "Small Surface Microwave Diffraction” by A. Apple-
baum and P. C. Fritsch, Naval Ordnance Laboratory.

(c) “The Magnetic Cross Valve' by Harold J. McCreary,
Automatic Electric Company.
(d) “Coupling between Two Degenerate Cliavig Modes
y H.

through Slots Cut in the Cavity Walls” C. Hu,
University of Illinois.

3. SUPERSONICS, Michigan Room, H. C. Hardy presiding.

(a) "Application of Supersonic Emergy to High Speed
Electronic Recording’’ by Homer J. Dana and James L.
VanMaeter, State College of Washington.

(b) “Supersonic Control of a Lantern Slide Projector” by
S. (ge Lutz and George Rand, New York University.

(c) “Variable Resonant Frequency Crystal Systems’ by
William J. Fry and Wayne L. Hall, University of Illinois.

12 NOON LUNCHEON ADDRESS
Alston Rodgers, General Electric Company, Nela Park, Cleve-
land, Ohio, O. D. Westerberg presiding.

2:00 P. M. TECHNICAL SESSION

1. VACUUM TUBES II, Ballroom, B. M. Bowie presiding.
(a) “A New Rectifier Tube for Extremely High Power and
X‘oltuge Levels” by T. H. Rogers, Machlett Laboratories,

c.

(b) “A Progress Report on Development of the Travelling
Wave Tube as a Power Amplifier’’ by Stanley E. Webber,
General Electric Company.

(c) “Efficiency of Reflex Klystrons'’ by William G. Shepherd,
University of Minnesota.

(d) “Design Features and Some A]:éplications of a New
Photocell” by J. H. Crow and V. C. Rideout, University
of Wisconsin.

2. CIRCUITS, Michigan Room, E. H. Schulz presiding.

(a) "A Versatile Crystal Controlled Source of Angle
Modulation”” by James F. Gordon, Bendix Aviation
Corporation.

(b) “The 'DC Transiormer’ as a Component in Electronic
Circuits’ by Otto H. Schmitt, University of Minnesota.

(c) “Transient Response of Filters’’ by M. S. Corrington,
Radio Corporation of America.

3. AUDIO-FREQUENCY, North Terrace, Arthur B. Bronwell
presiding.
(a) “Continuously Adjustable Low and High-Pass Filters
for Audio Frequencies’ by Arnold Peterson, General
Radio Company

8

(b) “A Variable Speed Turntable and Its Use in the Cali-
bration of Disk Reproducing Pickups’’ by H. E. Haynes
and H. E. Roys, Radio Corporation of America.

(c) “Methods and Instruments for the Visual Analysis of
Complex Audio Waveforms'’, by H. R. Foster and E. E.
Crump, Kay Electric Company.

(d) “"Devices for Speech Analysis and Compression’ by
gé.AI;g. habil Friedrich Vilbig, Cambridge Field Station,

For details of exhibits, see the special Exhibit Directory
available at the Exhibits Registration Desk.

BRIEFS ON TECHNICAL PAPERS

1. ElECTRdNIC INSTRUMENTATION |

(a) “RADIO LINK TELEMETERING FOR RECORDING DURING HIGH
ACCELERATION PHENOMENA" BY SYDNEY HIMMELSTEIN, NAVAL
ORDNANCE LABORATORY.

Radio link telemetering that will work during accelerations of the order of a
thousand times gravity require special considerations. Limits of conventional
circuits are discussed and conclusions are drawn on the nature of shock resist-
ing circuits. A subminiature pulsed transmitter capable of working during high
accelerations is described. One microsecond pulses, either amplitude or fre-
quency modulated, are employed. Work done is in the region from thirty to
one hundred megacycles. Details of the associated ground equipment are
given. Theoretical and practical considerations of the system are included.

(b) “CLOSED CYCLE RECORDING OSCILLOGRAPHS" BY BEN CISCEL
AND ROMAN RUHLAND, MINNEAPOLIS-HONEYWELL REGULATOR
COMPANY

Complex systems of electrical mechanical, and serodynamic components
require dynamic analysis for good automatic control. The more intricate the
system, the more imperative {t becomes that important variables are measured
or recorded simultaneously. he recording oscillograph must meet certain
obvious requirements such as multiple channels with suitable speed of response.
These requirements prove to be starting points in the search for, or development
of, a good recorder.

A survey of available equipment led to the design of a motor-driven multi-
channel recorder writing with ink so that the traces are constantly available
for study and system adustment during flight. Each channel is a complete
servo in itself Later technical demands have resulted in the use of a D’ Arson-
val movement for {aster speed of response. This device was also built up to a
closed-cycle system to eliminate drift, maintain dynamic performance, and
insure calibration. The feedback is an important feature in its effect on the
response characteristics of the recorder.

{c) “D-C AMPLIFIER TECHNIQUES I[N OSCILLOGRAPHY” BY M.
MARON, ALLEN B. DUMONT LABORATOR{ES, INC.

There are certaln oscillographic applications for which a d-c amplifler is
absolutely necessary. These applications are discussed generally. Because of
the specialized requirements, the d-c amplifier must meet certain specifications
not ordinarily considered in the design of a-c amplifiers. A discussion of these
special spacifications and design problems is included. To make best use of
the d-c amplifier certain special acessory circuits are necessary. These include
low frequency sweeps, expanded sweaps, and single sweeps, and in addition
bigh cathode-ray tube accelerating voltage to facilitate use of a long resistance
cathode-ray tube screen. A number of tvpical applications of d-c amplifiers in
oscillography are illustrated and demonstrated.

2. SOLID STATE STUDIES |

{a) “NEUTRON IRRADIATED RECTIFIERS” BY K. LARK-HOROVITZ,
PURDUE UNIVERSITY; W. E. JOHNSON, WESTINGHOUSE ELECTRIC
CO; AND J. C. PIGG, OAK RIDGE NATIONAL LABORATORY.

Using commercial 1N34 and 1N38 rectifiers. the rectifier characteristics have
been studied in the QOak Ridge reactor as a function of bombardment. It has
been shown that in the range of 2V forward the behavior is the same as to
be expected from bulk N.type samples.!

In the voltage range below 13 volts in the forward direction, resistivity de-
creases an it does in the back direction where, in both cases, barrier resistance
determines the behavior of the rectifier. In the Intermediate voltage range the
resistance at first increases and then decreases, indicating that both barrier
layer and spreading resistance datermine the behavior of the rectifier.

In the case of silicon rectitiers of the commercial type, {ncrease in resistance
is observed both in the backward and forward connection in agreement with
results obtained upon neutron and deuteron irradiation of silicon bulk samples,

1. Phys Rev. 74, p. 1283 (1948); AECD Report 2084, June, 1949,
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(b) “LOW FREQUENCY NOISE IN TRANSISTORS” BY HOWARD T.
MOOERS, UNIVERSITY OF MINNESOTA.
This paper gives the results of an exporlmonlal mdy eanl.d outon a llmllod

number of samples of low frequency noise in t ts were
over the sudio ency range and oﬂandod toa lower hoquonuy limit of less
then 10 cycles per These with an

evaluation of the noise contributions from the emitter and collector. 'l'hu noise
is a function of the operating currents and attempts were made for the limited
ber of les to d ine the conditions for optimum signal to

(c) “EXPERIMENTAL EXAMINATION OF RECTIFIER THEORY AS AP-
PLIED TO THE SELENIUM RECTIFIER” BY HERBERT W. HENKELS, UNI-
VERSITY OF PENNSYLVANIA.

Recent work on the correlation of rectifier theory with experiment is examined.
n;h'.:il:t‘t:cﬁ Sdumrktro: .:f.:l?qr:.cxndm“da: ?elih’a:n:umcryﬂamno speci-
mm.m Pwlrlh rectifier.

() “FIELD EFFECTS IN GERMANIUM AND THEIR RELATION TO THE
TRANSISTOR PROBLEM” ’BV RALPH BRAY, PURDUE UNIVERSITY.

Application of electric feld in the resist-
uczpl which lag behind the a uod vol!nqo by nvou! ntmueond-' Hall
effect measurements indicate that the of riers is inc:
the process. Experiments made at the Bell Tel h L tori lnd!cah
that in the cuo of N-type Ge. these effects are due to the injection of positive
holes hon he positive contact; time lags are due to the transit time o( the holes
as th into the le by the electric field. In P-type Go.%, it seems
that are drawn in {rom the negative contact. From such orpotimonh
conclusions as fo the nature ol lhe moln!-Go contact may be dnwn, and the
mobility and lifetime of the § fers may be

Phys. Rev. 74, 1218 (1948).
3 ;I.BB:"{ z:d ;l' H. Bunaln, Phys. Rev. 75, 1208 (1849).
R. Pray, B Amn Phys. Society, Cembtldqo Mocting, June, 1949;

OThis work m a Signal Corps contracl.

3. COMPUTER SESSION 1

{a) “THE PHOTOFORMER IN ANACOM CALCULATIONS" BY H. W.
SCHULTZ, J. F. CALVERT AND E. L. BUELL, NORTHWESTERN UNIVERSITY.

The word Anacom dnctlbu one woll known qonenl clan of analog or con-
e equa o all ; de lﬂu o of ¢ %!.m%’:'ﬁgﬂi':
d initi ribed qi

g:leﬁ!c Coxl:;::ly“ The phd::(omn producod um by Mr David E. Smuthg
of the Philco ration is & single
functions of an independent variable. Inpnl nnd ontpnl quantities are « olochlcuL
BT b e S L e b i

ow an many PP
in o the A class,

(b) “LINEAR ELECTRONIC ANALOG COMPUTER DESIGN” BY C. A.
MENELEY AND C. D. MORRILL, GOODYEAR AIRCRAFT CORPORATION.

8omo lhnpmbhnlpocull fo the design of a good linear electronie
o o fe :n qlg:n for the selection of various
rpict are 28 being

yto uullactory overall podormaneo,
!hom methods of achiev! Certaln

ese
performance which can be made to attain ﬂnﬂ:ﬂl compactness, ease
of mllnhnnnco. and low ocost are dhcuuod. Finally, a ‘complete electronia

g cvil!hnl! t d power supplies housed {n a single move-
eble ninet in binet is described

(c) “BONE DENSITY COMPUTING MACHINE” BY WALTER N.
BROWN, JR., THE PENNSLVANIA STATE COLLEGE.

A novel com; machine hu been developed which tes the mass
of a living bonopf':;qdnh d on a jally d X-rav film. When
the Hlm is exp P desigued dop-wodqo s plueod on the !llm alonq-
side the bone hf}:’ 1) s 1711:. d“' s the X of d iy
metering, curve ng, m! g, an: ')
cnmc?mm black o:lnqvu':ummdmahﬂd mnokahdlopolnt data ob-
tained from the wed The function thus found is used to express !ho
gaehu-d!hoboaolmngolnhnudth-mdboumﬁnhdby

1%%

4. ELECTRONIC INSTRUMENTATION 11

(a) “A PULSE LENGTH SORTER AND COUNTER” BY ROBERT J.
PARENT AND ROBERT W. SCHUMANN, UNIVERSITY OF WISCONSIN.
This pa describes an electronie pulse length sorter and counter. Pulses
of nndmn hmclh and spacing occuring at a rate up to 100,000 per minute can
be sorted according to dmﬂ:m into one d 18 duration nili:l:; for q‘h:’m
T

ch oth equal { The
= cuits lod :n:'n step wave elnml! dﬂvc:’ bya nuloliivlbram gated by the random

ch length are counted by
ﬁnnnaﬂngddmbﬂnm.uhb&u
10

(b) “THICKNESS GAGE FOR NON-MAGNETIC MATERIALS” BY
IRVING W. ROZIAN AND STEPHEN V. HART, INDUSTRIAL ELECTRONICS
INC.

An electronic thickness gage has been designed for the &
ment of moving sheets of plate glass. This instrument is applicable to the mea-
surement of thickness of any non-magnetic material within the range ol 0.0001

inches to 1 inch and will detect deviations of less than one micro-inch from a
Ilandud

liahad

t is by varying the primary-to-secondary
coupl‘nq of a split transformer. The output of this transformer {s balanced in
a bridge circuit against that of a similar unit holding a standard slat. The bridge
is energized by a stabilized oscillator. Any deviation from the standard, causes
an unbalance voltage to appear at the bridge output which is fed !luouqh a
phase discriminator and amplifier to a nro—cenlor malar 'l'ho deflection of

this instrument varies linearly with any ch n thi is made
for rocordinq the output ol lhe inntmmonl and (or using lhll ouleut in automat-
lcally the rolls to The

circuit and the construction of !ho instrument will be illustrated by slides.

(c) "MULTIPLE CHANNEL CATHODE RAY INSTRUMENTATION OF
NON-ELECTRICAL QUANTITIES” BY J. N. VAN SCOYOC AND G. F.
WARNKE, ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE
OF TECHNOLOGY.

The use of multi-channel cathode ray oscillographic equipment oconsisting
of cathode ray tubes operated at 4000 volt accelerating polonual, movinq !ﬂm
oamoul operaﬁngoo speeds up to ten feet per d, direct p
with gains of 80, with unusual stability and accuracy, automatic sequence

trols, unique t ts, and plezo gage and strain gage inputs with
eight tlop cullhraﬂon signals for use in recording trnnﬂnn! phanomena such o8
stress, strain, acceleration, pressure, etc., will be d
incorporates a number of novel circuits not previounsly described in the literature.

5. COMPUTER SESSION I

{a) “A COMPUTER FOR SOLVING SECULAR EQUATIONS” BY JOHN
F. STORM, UNIVERSITY OF MINNESOTA.

This article dancﬁbn the thoory and design of an log type ter into
which the t of a t detennlnanl may "be huor!o& dhec!ly,
and from which the roots may be obtained withou| ng the
A third degree equation was ltndiod but a mothod is outlined for extending
the range of the puter to h The stant terms in
Qho secular equation determinant are restricted to real b but they may

be positive or negative. The computer determines only the real roots of the
lar eq The will also solve linear equati

(b) “COORDINATE TUBES FOR USE WITH ELECTROSTATIC STORAGE
TUBES" BY R. 5. JULIAN AND A. L. SAMUEL, UNIVERSITY OF ILLINOIS.

J)apor is a report on the g of r h and devel ludm
to the design and comnstruction of a memory storage system employin 1
types of coordinate tubes, which are used to locate information stored in oloo-
trostatic memory tubes either of the Haeff or of the Wimam types.

o system uses two master tubes which 1 the h tal
and vertical positioning of the electron beams in a bank of slave tubes. This
control is by means of servo amplifiers which locate the proper memory positions
from their digital address codes in terms of the mechanical positions of target
plates contained within the master tubes. The system {s such that no particular
attention need be paid to the regulation of electronic circuits and power sup-
plies, and good reliability in the location of stored information can be achieved.

Two different types of tubes—one for serial operation and the second for a
paralle] address system—have been constructed and tested.

(c) “ELECTRONIC ANALOGUE FOR HEATING SYSTEM ANALYSIS” BY
RALPH T. SQUIER, BEN CISCEL AND KIMBALL C. CUMMINGS, MINNE-
APOLIS-HONEYWELL REGULATOR COMPANY.

The heat supply devices, the building, and the heating controls are here
considered as systems which are aubject ot !ho same Inw- ol servo-mechanism
analysis which have been lied so ly to and tureet-
drive mechanisms.

The heating eonhol system may bo thought o( as a lom of computer which
must solve two and sf The first problem
has to do with the uummunon o( losses dua to structural transmission, infiltratio
and radiant eff; blem is dynamic in nature and is concama
with the transient chnuctemuou of the heat source, the structure, and the coa.

An electroni ] isd bed to d te the effect of such vari-
ables as wind, outdoor temperature, furnace size, insulation, eto., on the heating
system during transient conditions,

6. TELEVISION

(a) “A UNIVERSAL-APPLICATION CATHODE RAY SWEEP TRANS-
FORMER WITH CERAMIC IRON CORE” BY CHARLES E. TORSCH,
GENERAL ELECTRIC COMPANY.

Public demand for larger tel ot of 1 d b

d by d coet, is hatic. The advent
ratio, ceramic cored sweep And high voltage t i
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design engineers with an efiecti of ting this d d. Increased
sweep output stage efficiency results from optimized power feedback networks
employing inexpeusive diode damping in conjunction with the GE Model 77]1
transiormer, for directly viewed picture tubes including the BAP4, and 16AP4.
The BAP4 is swept with inexpensive power tubes at 130 volt ''B"’ supply levels;
the 16AP4 in adequately swept and provided with KV anode supply using a
single 6BGE6G within all rating limits.

{b) “TWO NEW IMAGE ORTHICONS” BY R. B. JANES, R. E. JOHN-
SON AND R. R. HANDEL, RADIO CORPORATION OF AMERICA.

The incorporation in the image orthicon of a new panchromatic high-sen-
sitivity photosurface permits telovising low-level-illuminated scenes with a color
rendition approaching black-and-white photographic quality.

This development %n led to two new image orthicon tube types: one for
either remote pickup or studio use and the other for studio use. The sensitivity
and color response of these tubes is described.

Possible sources of illumination are discussed together with changes in the
target structure to imi fcrophonism and | life.

{c) “TWO NEW TELEVISION TUNERS” BY MYRON F. MELVIN, P. R.
MALLORY AND CO., INC.

Two new television devices are described in this paper. Mechanical and

lectrical designs and ch teristics are given in detail.

The recently released “S:hal" tuner is djscussed at length. Transition from
the mechanical design of the widely used, continuous type, “'lnductuner”, is
shown. Mechanical simplicity, cost savings, and mechanical improvements are
noted. Performance characteristics of various circuits is presented. Data is
given on gain, bandwidth, tracking, noise, image rejection, and other necessary

points.

A second type tuner is described, and sgain mechanical and electrical per=
formance data {s given. The unit described {e felt to be a rather interesting and
novel approach to the television tuning blem resulting in good performance
with an excellent stability characteristic.

7. ANTENNAS |

{a) “END LOADED AND EXPANDING AXIAL MODE HELICES AS
BROADBAND CIRCULARLY POLARIZED RADIATORS” BY PAUL W.
SPRINGER, WRIGHT-PATTERSON AIR FORCE BASE.

Circularly polarized antennas are becoming increasingly jmportant for manﬁ
applications. The simplicity of the axial mode helix makes it particularly we
suited to the above use. For applications requiring modified radiation patterns
or greater bandwidth, however, it {s often necessary to modify the simple helixg
Two of these, the short end loaded helix, and the expanding axial mode helix
have proven of particular valne where circularly polarized antennes of extreme
bandwidth are required.
The theory of operation, iImpedance curves, polar diagrams, current an
hase distribotion and radistion officiency of these antennas are di d
actical methods of arraying these radiators are also discussed.

(b) “IMPEDANCE AND RADIATION CHARACTERISTICS OF SLOYTED
CYLINDER ANTENNAS” BY ROBERT E. BEAM AND HAROLD D. ROSS,
JR., NORTHWESTERN UNIVERSITY.

An approximate theory of the input resistance and radiation patterns of a
slotted-cylinder antenne having a narrow slot whoee length is equal to or greater
than a free space half-wave length and which js fed across the slot at {ts mid-
point by a transmiesion line {s given. The slot is shorted at both ends. The
theory is based on the consideration of the antenna as a slot-loaded cylindrical
waveguide for purposes of computing the cutoff frequency and the phase con-
stant along the slot in terms of physical di 1 By the lication of Bal
inet's principle and the assumption that the alot is in a thin, conducting infinite
plane, the radiatt t is puted. In applying Babinet’s principle
the alot is replaced by a center fed electric dipole whose phase constant {s that
for the loaded wavequide. The radiation i of this electric dipole is
computed and inverted with respect to twice the square of half the intrinsic
{mpedance of {ree space to obtain the input resistance of the slot. Experimental
results agree very well with the theory for the cases investigated.

The radiation pattern of the slot in a plane containing the axis of the cylinder
{s determined in form by that for the complimentary electric dipole. The rad-
fation pattern in a plane perpendicular to the axis of the slot {s determined by
the method which has previously been used in a report by C. H. Papas and R.
King and in a paper by G. Sinclair.

(c) YA COMBINATION SLOT ANTENNA AND RESONANT TANK
CIRCUIT” BY NORMAN L. HARVEY, SLYVANIA PRODUCTS, INC.

Slot antennas are notable for their effectiveness over a broad band of fre-
quency. An impedance transforming and coupling network is ordinarily re-
quired between the radio unit and the antenna.

This paper describes a means for eliminating impedance coupling network
as a distinct structure by utilizing the edges of the slot as the resonant circuit
of the radio unit. Such a device is especially suited to broad band use such as
in pulse communication and frequency modulation signalling.

(d) “THE CHANNEL GUIDE ANTENNA” BY WALTER ROTMAN,

CAMBRIDGE FIELD STATION, USAF.

A theoretical analysis of a waveguide with continuous elot of arbitrary width
in a parrow wall is presented. The general condition for radiation from the slot
19 established in terms of the near field distribution of electromagnetic energy}
This near field distribution may be des: as a form of single mode transs
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mission in the supporting waveguide, characterized by a comple

constant. A method of puting the propagati Conit nt':‘(orx f’:f:xz::m;}
channel geometries gives results which are in substantial agreement with ex-
periments conducted at both Ohio State University and this Laboratory. Equiv.
alent circuits, representing the properties of the channel guides, are established.
The possibility of mode separation for radiation purposes by means of dielectric
loading of the channel is discussed and the propagation of severa) independent
modes is demonstrated. Practical methods of coupling these channel guides to
microwave sources are considered. The connection between these modes and
the general subject of single surface transmission of energy is brought out,

8. MEASUREMENTS |

(a) “THEORETICAL LIMIT TO TIME DIFFERENCE MEASUREMENTS"
BY DONALD RICHMAN, HAZELTINE ELECTRONICS CORPORATION.

The accuracy with which a known signal may be located in time depends
on the signal-to-noise ratio, the bandwidth of modulation, the distribution of
signal energy within the bandwidth, the duration of the signal, and under certain
co::hdnwnn the carrier frequency on which the signal traverses its transmission
path.

The relationships may be summarized in a simple formula. This paper con-
siders in detail the physical reasoning which leads to the duﬂvallonpo(ptho for-
mula, and the interpretation of the results. Illustrative examples are given.

(b) “ELECTRONIC CONTOUR MAPPING" BY RICHARD C. RAYMOND,
HALLER AND BROWN, INC.

A well stabilized aircraft carrying a pencil beam radar set makes several
thousand observations per second on the terrain over which it flies. The col-
lected data are used to print a contour map or other map which aives the rela.
tive elevations of the terrain points observed. Calculations indicate that an
advanced type of equipment, operating at high altitude, could print contour
maps at a rate of more than 1,000 square miles per hour. Maps can be pro-
duced in standard contour form, in varying density, or in varying color to indi-
cate elevations of the obsarved areas. Errors due to aircraft instability may be
removed in the printing process by a correction system involving the ajrcraft
stabilization system. A simultaneously printed radar reflectance map ties the
elevation data to known terrain points.

(c) "WAVEGUIDE ATTENUATION MEASUREMENT BY A CAVITY
DECREEMENT METHOD” BY WARREN A. TYRRELL, BELL TELEPHONE
LABORATORIES.

A method has been developed for the measurement of extremely low wave
guide losses, such as encountered with the TEe; mode in oversized circular
pipe. This depends upon pulse excitation of a cavity, of which the waveguide
is mede an integral part, the Q being derived from the rate of decay of the
stored energy. Experimental work at 3.2 cm in 12 cm pipe has demonstrated
the utility of the method. Loeses have been mensured for a variety of pipe
materials. Discrepancies between calculated and observed values are explained
by surface roughness and corrosion. Closer agreement with the expected
values has been obtained by improving the inner surface of the guide.

(d) “AUTOMATIC CALIBRATION OF OSCILLATOR SCALES” BY W.
J. MEANS AND 7. SLONCZEWSKI, BELL TELEPHONE LABORATORIES.

Long frequency acales used in heterodyne oscillators are calibrated by re-
cording photographically on a strip of motion picture film the image of a master
scale which H ly indicates the instantanecus frequency of the oscillator,
For low frequency applications, the master scale is driven by a circuit which is
essentially a duplicate of the oscillator being calibrated together with a syn-
chroniring circuit. For high Irequency applications, the master scale ia driven
through an electronic circuit which measures the frequency in terms of a 10
kilocycle primary standard. The scale ls produced in 4.5 minutes, is more
accurate and has a better appearance than a hand made product,

9. MAGNETIC DEVICES

(a) “MAGNETIC AMPLIFIER STUDIES ON THE ANALOG COMPUTER"
BY E. L. HARDER, W. H. HAMILTON. D. F. ALDRICH, J. T. CARLETON
AND F. N. McCLURE, WESTINGHOUSE ELECTRIC CORPORATION.

In an effort to understand more completely the performance of magnetic
amplifier circuits, an electrical anslog to magnetic circuits has been developed
and is described. The non-linear characteristics of the iron are introduced by
using a multiple diode non-linear resistance circuit designed to provide the
familiar B-H curve in 20 linear steps. The voltage appearing across this resistor
is made to be proportional to N d I by using an appropriate integrating amplifier

dt

Mothods of applying the analog to specific design problems as well as study-
ing fundamental magnetic amplifier characteristics are discussed.

e analog provides a powerful tool for convenient studies of magnetic
circults, in ganeral, as well as for magnetic amplifiers.

(b) “ON THE THEORY OF MAGNETIC AMPLIFIERS” BY M.
LIWCHITZ-GARIK, E. WEBER AND E. J. SMITH, POLYTECHNIC INSTITUTE
OF BROOKLYN.

Magnetic amplifier circuits contain, as basic components, saturable-core
reactors, rectifiers and a load which is usually resistive. To date, no closed
form analytic solution has been found for the simple circuit containing a series
fixed resistance and iron-cored {nductor to which a sinusoidal voltage is applied;
the prospect of an analytic solution of even the most elementary magnetic
amplifier circuit is therefore nil. This paper discusses other mathods of steady
state analysis which are possible,
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The question of best repr tation of the tizati h teristic of the
core under conditions of asy trical tization is di d, and experi-
mental data fllustrating the effect of d.c. bias on the a.c. magnetization curve
is shown.

* Th‘:'l?all-wan and full-wave (d.c.) circuits are taken as examples and results

ocomputed by a point by point procedure, a power series and s method based
poted by 2 polot by point procedurs

on t curve by three connected straight
lines, are given and pared with experi tal results. These methods are
direct in that they give Its which include the load resist An indirect
procedure {s to first obtain no-load data by P {which is ible) and

then determine actual performance through use of a loed line as in the case of

putat The results of varions methods are evaluated with
respect to accuracy, form, time and labor required, and possibility of leading to
design criteria.

(c) “AUDIO TRANSFORMER WITH FREQUENCY RANGE EXTENDING
BELOW ONE CYCLE PER SECOND"” BY DONALD W. KUESTER, NAVAL
ORDNANCE LABORATORY,

In this paper the author discusses some of the problems encountered in the
design and construction of transformers having ext ly wide band frequency

P The desi d involved in the design of a particular wide
band line to grid ¢ former are di d along with the offects of various

ameters such as core materials, ple winding, dielectric materials, and inter-
eaving of primary and secondary winding e particular t £ de-
ocrlbog is a 72 chm line to 10, ohm grid transformer having a flat frequency
response of 0.2 cps to 20 cles per second.

(d) A NEW MAGNETIC RECORD DUPLICATING PROCESS, MARVIN
CAMRAS, ARMOUR RESEARCH FOUNDATION OF ILLINOIS INSTITUTE
OF TECHNOLOGY.

Magnetic records can be faithfully duplicated at high epeed and in large
quantities by & tact printing p The prog is first ded

on a
master tape of high tic properti This master ia then held against a
blank magnetic tape while the two are subjected to a “transfer field”’. When
the copy tape is separated from the master, it an t ducti

of the magnetic recording from the master. This new method promises'to be
widely used for magmeti d rel

DUPLICATION OF MAGNETIC TAPE RECORDINGS BY CONTACT
PRINTING, ROBERT HERR, MINNESOTA MINING AND MANUFACTUR-
ING COMPANY.

A new method is described for copying magnetic recordings without elect-

cal ription. U

it ded tape is subjected to a controlled alternal
magnetic field while in tact with ded tape, and thereby m th
directly, in a 1 to the ing of discs. When opt st

to good tesching and training. Research of basic and fundamental concepts
must also be emphasized rather than the applied or commercial-value research.

The management of research in the educational institutions has many more
problems than that of corporations and non.profit foundations. The personnel
engaged in such research is composed of the widest extremes in ability and
temperament; the research fields are more extensive; the administrational and
financial probl more pl

(d) FOR INDUSTRY, DUDLEY E. CHAMBSERS, GENERAL ELECTRIC
COMPANY.

Management action depends, in part, upon a sure appreciation of the steps
from exploratory research through manufacture and upon an ability to judge
the status of a project through these steps. Further, the technical organiszation
depends upon the company’s fields and scope of operations. This paper briefly
outlines one concept of the steps from exploratory research through manufac-
ture, describes the common types of industrial research organization and,
finally, discusses a few of the principles of the philosophy of operation of a true
research department.

11. ANTENNAS 1I
{a) “AN AUTOMATIC BUILT-IN ANTENNA FOR TELEVISION RE-
CEIVERS” BY K. SCHLESINGER, MOTOROLA INC.

Fundamental problems of small built-in antennas are outlined. First among
these are low-band efficiency and directivity.

Networks are p ted to obtain uniform freq y ge and maxi
power transfer both for dipoles and loops. The overall response is shown by
oscillogram

A special type of VHF.loop antenna is sh It all TV.ch 1
without tuning and is i-directional by desi

Considerable power gain is obtained by stacking two or three of these hori-
zontal loops within a TV.receiver conscle. It is shown how to check by an oscil-
the current distribution in the elements of the array.
Receivers employing built.in antennas of this type are demonstrated,

(b) “THE ELECTRONICALLY DRIVEN RIPPLE-TANK AS AN AID TO
PHASE-FRONT VISUALIZATION” BY ALLEN H. SCHOOLEY, NAVAL
RESEARCH LABORATORY,

The use of water-ripples to qualitatively and semi-quantitatively study phase-
fronts near ional dels of ant structures deserves consider-
ation by the electronics enaineer. For this purpose electronically driven probe
vibrators are used to excite the water surface of a glass ripple-tank. Syn-
chronously chopped light is directed through the tank to a ground glass screen
where the phase-fronts appear stationary. Using simple equipment it is possible
to rapidly visualise the changes in phase-front pattern brought about by changes
in (ood_ goln} pt}dﬁon, reflector configuration, and by changes of as much as

and print media are used the recording is nearly if not quite as good as can be
obtained lx playback and re-recording. use of the simplicity of the oper-
e

ation and speed with which it may be carried out it is expected to make the
large scale production of p: ded prog terial practical from an
economic viewpoint.

10. RESEARCH MANAGEMENT

(o) FOR THE GOVERNMENT, R. D. BENNETT, NAVAL ORDNANCE
LABORATORY.

Research anizations have expanded in size and in number in recent
years, and lhal:qh true in government as well as in industry. The expansion in
the armed services has been much greater than in many other areas, and their
total investment in plant for research is now very large. The effective operation
of these establishments is vital, both from the point of view of cost, and the
importance of their products to the preservation of national security. Therefore,
it is essential that, in these establiskments, not only the ordinary problems of

h t be solved, but also that, in addition, those peculiar to
research in the armed services be solved as well. The speaker will identify
some of these bl and indicate app hes which have been made to
their solution, with particul £ to methods used at the Naval Ordnance

atory.

(b) FOR THE RESEARCH FOUNDATION, H. A. LEEDY, ARMOUR
RESEARCH FOUNDATION OF ILLINOIS INSTITUTE OF TECHNOLOGY.
Ressarch today, although a subject of national importance, is still by no
means universally accepted by industry. Of the 17,000 largest industries in
the United States, only 13 per cent have a research laboratory, one of the prin-
cipal reasons being the fail of many industrial tives to appreciate the
value of research. For industries large or small which are cognizant of the
ce of research to their survival, organizations like Armour R h

P in ting frequency. A considerahle part of the

paper will consist of a motion picture film showing such phase-front patterns.

(¢} “THE ELECTROMAGNETIC FIELD IN THE VICINITY OF A LINEAR
CONDUCTOR” BY PAUL H. NELSON, UNIVERSITY OF FLORIDA.

The interference pattern set up in the vicinity of a linear conductor immersed
in a plane elect: tic wave is idered by reducing the problem from
three to two dimensions, solving Maxwell's equations and introducing suitable
th tical devel t shows very good agreement between the measured
and calculated points. Graphical repr tation and three-dimensional models
are presented as aids in visualizing the resultant field pattern. The investiga-

Hion is of interest because of its close relationship to slot-type and linear radi-
ators of electromagnetic waves.

(d) “CORRECTION OF SPHERICAL ABERRATION BY A PHASED LINE
SOURCE” BY ROY C. SPENCER, CARL J. SLETTEN, AND JOKN E.
WALSH, CAMBRIDGE FIELD STATION, USAF.

Parallel rays incident on a concave spherical reflector cross the axis after
reflection. An arial line source has been phased 2o as to correct for the spher-
ical aberration thus allowing aberrationless scanning of a pencil beam over at
least 4 30° in any direction. The phasing of the source varies from endfire
through broadside along the source. Tests made using feeds such as open
waveguide, horn, polyrod and corrected slotted line source support the theory %

12. THEORY OF COMMUNICATIONS

(a) “APPLICATION OF STATISTICAL THEORY IN COMMUNICATIONS”
BY JEROME B. WIESNER, MASSACHUSETTS INSTITUTE OF TECH-
NOLOGY.

In this paper the difficulties arising in the analysis of communication systems
on a sinuscidal basis are pointed out, and a statistical method of providing a

importan:

Foundation of Nlinois Institute of Techno are rendering a valuable service

in solving many of their important and ficult research and development
bl o g 1 plan of tion and t of such a research

foundation will be

(c) FOR THE UNIVERSITIES, F. A. ROHRMAN, UNIVERSITY OF
COLORADO.

The educational institutions of our y offer rtant butions of
our nation’s h, The t of this institutional research differe
from the management i.i corporation and non-profit foundation ruouchu in

of information tent of and a of system trans-
pacity developed by Norbert Wiener are described. The use of this
new app h to the lysis of ication networks is illustrated. Methods
for obtaining necessary statistical data on which designs must be predicated
are explained and the use of these concepts to provide a new kind of filtering
in the time domain is described. Finally, brief mention is made of the applica-
tio:“oi the information theory pis in the design of y 1 t
ces,

(b) “STATISTICAL PREDICTION OF NOISE” BY Y. W. LEE, C. A.
STUTT, MASSACHUSETTS INSTITUTE OF TECHNOLOGY.
- Andmplo form of Wiener's statistical prediction theory is given, and a demon-

many ways, because of the ces in needs and results. The ed
institution must relegat h to a dary role — that as & supplement
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of the theory using filtered noise as the random time function is de-
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is obtained betw: = n results and ll.onﬂcn! calculations. m

(c) “TRAFFIC HANDLING CAPACITY OF PAIRED-PULSE CODING
FOR 100 CHANNEL DISTANCE MEASURING EQUIPMENT (DME)” BY
CHARLES J. HIRSCH, HAZELTINE ELECTRONICS CORPORATION.

Distance Measurin: t (DME) hes been ad vie
i Rl g

aving mt! ann o
el itk toe s distance to 100 g Pescon 'rn"og

distinct 10

with 10 paired-pulse codes. Likewiss, 100 cfhﬂnct npfy c!unn-h are created.

Ap code sts of tive whose time  separation

is a clunchtwie of Qho signal. Circnlh which ive only

having o ribed. The paper anlym the oxhn!

that hn!ﬁeucmmﬂy ucronodby!ho h of
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13. VACUUM TUBES |

(o) “THE HIGH FREQUENCY RESPONSE OF CYLINDRICAL DIODES"”
BY EDWARD H. GAMBLE, CURTISS-WRIGHT CORPORATION.
includes the results of an investigation into the response of cylin-
ddcdmblh:.u.uundvd:awq;megh .lum k4
components. In ar the to large signals has boon determined.
the term “large -lqul' re!m to the mdlﬂon that the amplitudes of the time-
varying ble to that of tho polnulng voltage.
The a chblhomblmulduﬂul for the
E.Mmlﬂmbt!h.mdlh. anar diode which is do-
mhnmpmww,mwﬂ -Up in a Planar Diode,”
author.

(b) “RADIAL-BEAM, VELOCITY-MODULATED MICROWAVE TUBE” BY
CHESTER G. LOB AND DON F. HOLSHOUSER, UNIVERSITY OF JLLINOIS.
The status of the dmlquunl of a radial-beam nloc!!y-nodnlahd eloctron

for broadband local oscillater applications is discussed. e drift region
of this hho t:!l'hholhw cylinder into whlchmo:o“et:u are :ud;ally lnlochd
The mualyle ol e P e mie of the tebe tre inclodeg. T

(¢) “THE 6BN6 GATED BEAM TUBE” BY ROBERT ADLER, ZENITH

RADIO CORPORATION, AND A. P. HAASE, GENERAL ELECTRIC

E

purposss. Two such electrode systems in de can ssrve as limiter-
ted tube summa: — “"}l\yn;l'“dx;uhfufmh:om' d
beam or {in er soun:
:uhfoffu uodvmmducrllndlndmﬂuddhu applications discussed.
1 Thocommudalnulhaﬂmd'bpo 6BN6
The use of nhuplybcnndbunl T’ld-conh’ollodnodvlnqhb“m
senis a new departure in tube d many
Mochanical and electrical considerations in the production d viewed
The transfer characteristics of the GBNS6 are given and upoﬂmoobdah with
this type, as well as plans for future types, are briefly discussed.

(d) “VOLUME DEIONIZATION PROCESSES AT IONOSPHERIC PRES-
SURES” BY O. T. FUNDINGSLAND AND G. E. AUSTIN, CAMBRIDGE
FIELD STATION, USAF. r =

s
udhodnmpmpuod c:{nd.lnqhborabty.dudl'bu olochona on
ation uuiohbcwalh;di!hdon m.w»xgu'elomm: wnll-l:;::a:l::;
natio Bield. A first order theory Indicates that radio-t stic
m be mpby.d to determine the nhun eonocntuuom

resonance
of tho vuloul fons, and their 1 rates during the dis-
%u the lercld s drulqnod as & microwave resonant cavity,
rates can be d the £ y ahift of

oloehonnnwnl
thouvltyunhncﬁondumo,a!mt!ummudmondludanMan-
achusetts Institute of Technology.

14. ELECTROMAGNETICS

(o) “ELECTROMAGNETIC WAVES IN CIRCULAR WAVE GUIDES CON-
TAINING TWO COAXIAL MEDIA” BY ROBERT TEASDALE, GEORGIA
INSTITUTE OF TECHNOLOGY; AND THOMAS J. HIGGINS, UNIVERSITY
OF WISCONSIN.

The general problem of ina ve guide coatain
ing two different coaxial ;.du is h-.nhd in detail. A eoadmonal aaon
ton is d 'ﬂuhoocndmual!o:whlchdnpl
nmmmahmw discussed. Curves relating

16

nlogz to .dqn ﬁnno!m aze pl.othd for Iho B wavo Sonn! uamplﬂ
byo!hueu!hon. Thooomntdthupapoxunpphonhlololhod“iqnduuu
aocelerators for charged pasticles.

(b) “SMALL SURFACE MICROWAVE DIFFRACTION” BY A, APPLE-
BAUM AND P. C. FRITSCH, NAVAL ORDNANCE LABORATORY,

Th. H Qhalk s h h m. dm ey °‘ 1 Y}
waves is apphod to a claculation of the energy difiracted back along the direc-

tion of lnuidonco an'lmu publications have dealt only with the case of normel
or near The paper p the ruulh for ohuqu‘;

peliras iy g suri 7o a leng
area.
The simple first tion of boundary conditions is modified by a
tion factor. Graphiocal ri shows the resulting correction to be
cant, puucululy at the “skirts’ of the diffraction pmcm. .
Microwave ues are applied to an ination of
diffraction patterns o? a variety of small m-lal phtu A nnvol toohnlquo utilis-
ing a magioc Tn impedance brid P from
the d thus door “fields” ts. Graphs aze

4

“\ﬁuch“ “c.looo t of theosetical and rimeatal

{c) “THE MAGNETIC CROSS VALVE“ BY HAROLD J. McCREARY,
AUTOMATIC ELECTRIC COMPANY.

This {s the dis of a basically new elect tic device in which
two lhﬁnul& ocoils with no mutual inductance to each other in the ordinasy
definition of the lom truulu snergy {zom one coil at one frequenocy to the other
ooil at & b the medium of a vector of field of {lux which
follows a ll-u]ou locus or mode of moti Itis pared to rotary electro-
magnetio devices in which the more simple lhll]oul mode of motion or circle
is nnd and to tho h'uuiomor which has but one degree of izesdom.

W and ) slides of characteristics will be shown.

(d) "COUPI.ING BETWEEN TWO DEGENERATE CAVITY MODES
THROUGH SLOTS CUT IN THE CAVITY WALLS” BY H. C. HU, UNIVER-
SITY OF ILLINOIS.

When a slot is opened up in the cavity wall and the im anoo Jooking late
the alot is high, a bo! pu .ugn o t in the d
perpendicular to the alot small. Thull.oucubolmhudlopmmou the
coupling between two modes if in the direction normal to the slot the surface
currents of the two modes are equal and opposite. Cleasly the direction of
cancellation will depend upon the relative amplitudes of the two modes, and
oom:cnuy by varying the direction of such siots the degrea of coupling can

to have any desired value. An illusiration of this method is & cylindri-
oaluvllywnhdumohx474cm and length 3.41 om in which the TE);, and

i _modes are degenerale i.e. both resonant ‘IS - 3 14 om. Methods to
the d of slots will be desczribed and diag: of such slots

ulho.ndcupoulucylmdnuluvnywﬂlbodmvmhr_lhoqulb&llnd

Us
}{;whmu and U; stand for the ene storage of TE,, and TeSpec-
B e s e ioiontve ol 1he Selatios Detwoes tee st

directions and the relat tation of the two modes,

There are perhaps a ber of appl of this sch one thing that
sp isits L t & d the cavity used as a microwave
Mpm‘:‘n.lu, “_.‘ the variation of coupling is a trol upon the desired

15. SUPERSONICS

(a) “APPLICATION OF SUPERSONIC ENERGY TO HIGH SPEED
ELECTRONIC RECORDING"” BY HOMER J. DANA AND JAMES L. VAN-
METER, STATE COLLEGE OF WASHINGTON.

In connection with a Navy sp h proj ton hodmllo oondnchd
aNhIStah oo!W h nwu Jto e :

pow h to i kb type wmwn
touching it. Fox this p u.rpou a ma n:t:-:;wuoa o-;u.ol:bx 3&” l
operate over the range of 18 to 28 KC. A nickel alloy tube, used as lho vibu-
ting element was provided with a concave refleator in one end to focus the
sound ene to a point. Using a 200 watt triode the oscillator delivers an
muumaud watts in sound energy, part of which is available at the point of

(b) “SUPERSONIC CONTROL OF A LANTERN SLIDE PROJECTOR"
BY S. G. LUTZ AND GEORGE RAND, NEW YORK UNIVERSITY.
Shnplo d.chenlc o?ulpmon'!u has bnn dn-lnwr! with which a loctunx can
an

of a
Th.thlahnuohodlonmdlmeubuleh “rlnthc peaker's
hip pocket. The 28 ko tone is picked up by a crystal h and
the projector mechanism through a relay, after amplification and rectification.
Use of this device eliminates the services of a projectionist, frees the lochuor
e sy o Thl agurs uwmh'fd-m i pevtacting tha
pathy. ¢ equipme; nstr in
slides for the paper. ml

(¢) “VARIABLE RESONANT FREQUENCY CRYSTAL SYSTEMS” BY
WILLIAM J. FRY AND WAYNE L. HAI.I., UNIVERSITY OF ILLINOIS.

. A dis of the p “; 1 u!h.‘;_ of a variabl ant
arystal system for use as a g t ult jo radiation
llq;lh.nodhwﬂlbopnunhd. ° * ’ in
of un B % will be {ndicated
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16. VACUUM TUBES Il

{a) “A NEW RECTIFIER TUBE FOR EXTREMELY HIGH POWER AND
VOLTAGE LEVELS” BY 7. H. ROGERS, MACHLETT LABORATORIES, INC.

Rectifior tubes capable of operation at very high inverse voltages (50 to 180
kilovolts) have heretofore been limited to relatively low curreant and power.
The rise of new applications for rectified current at much higher power levels
in the high-voltage range (for ke p itati isotope separation, long-
range radar, etc.) has led to the development of a new type of high-vacuum
rectifier tube, with design features to provide lower anode power loss, higher
anode power dissipation capacity and higher peak issi Such tubes can
handle a peak current of 10 amperes and an inverse voltage of 110 kilovolts,
A throe-pgzn power supply unit employing such tubes can deliver 360 KW

of power at 100,000 volts, d.c.

(b) “A PROGRESS REPORT ON DEVELOPMENT OF THE TRAVELLING
WAVE TUBE AS A POWER AMPLIFIER” BY STANLEY E. WEBBER,
GENERAL ELECTRIC COMPANY.

This paper describes the experimental observations made while investigating
the use of the travelling wave principle to make a wide band power amplifier.
A tube will be described which, using a conventional helix type of wave guide,
has been operated at a power output in excess ot S00 walts, at a frequency of

g les per d. The power gain is of the order of 25 and the
efficiency about 20 percent or more. It has been found that the most impostant
factor governing operation of the travelling wave tube as a power amplifier has
been tga location and amount of the attenuation used to suppress oscillations.
Results of this work on attenuation will be discussed.

(c) “EFFICIENCY OF REFLEX KLYSTRONS” BY WILLIAM G. SHEP-
HERD, UNIVERSITY OF MINNESOTA.

It has been p d that the efficiency of a reflez klysiron might be increased
by having the electrons on their first transit of the gap interact weakly with the
resonator field while on the return transit they interact strongly. The paper is
concerned with a theoretical analysis of this problem. The results indicate that
there is little to be gained by this method except for very short drift angles.
Even in this case the gain is limited by electrons unable to retraverse the reson-
ator gap.

(d) “DESIGN FEATURES AND SOME APPLICATIONS OF A NEW
PHOTOCELL” BY J. H. CROW AND V. C. RIDEOUT, UNIVERSITY OF
WISCONSIN.

A new vacuum photocell with a photo-emissive cathode and two anodes has
been designed for use in circuits wﬁora the photocell transfer constant must be
rapidly altered. The large but linear variation in gain with voltage on tlse added
eloctrode will allow many applications in addition to that for which it was
originally designed.

17. CIRCUITS

{a) “A VERSATILE CRYSTAL CONTROLLED SOURCE OF ANGLE
MODULATION” BY JAMES F. GORDON, BENDIX AVIATION COR-
PORATION.

A crystal controlled source of angle modulation is described wherein rela.
tively large deviations are accomplished without sacrificing stability.

Peculiar to the circuit is high angle modulation sensitivity plus negligible
amplitude modulation as a result of the modulating voltage.

Modulation is very linear and for practical deviations is superior to that
usually accomplished with modulated crystal circuits.

The simplicity of the circuit plus the small number of vacuum tubes used
P des a of lifying many existing FM icat tr tters .

(b) “THE ‘DC TRANSFORMER’ AS A COMPONENT IN ELECTRONIC
CIRCUITS” BY OTTO H. SCHMITT, UNIVERSITY OF MINNESOTA.

It has been found possible to construct a circuit consisting of a linear oecil-
lator, an effictent r.f. transformer, and a linear varistor demodulator in a com-
pact inexpensive form such that the entire assembly can bo treated as a com-
P t in a it desig he comp t acte {ika a transiormer, can be
designed with various ratios and taps, has wide band frequency response,
a fair efficiency and can handle considerable power yet is better isolated than
a conventional transformer and handles DC as well as AC signal. Applications
to modulators, amplifiers, voliage regulstors, stimulators, measuring bridges
and isolated power supplies will be d ibed

{c) “TRANSIENT RESPONSE OF FILTERS” BY M. S. CORRINGTON,
RADIO CORPORATION OF AMERICA.

The ideal low-pass filter is defined as one which is perfectly {lat for frequen-
cies from zero to cutoff and attenuates at a fixed number of decibels per decade
beyond. The transient response of such a filter has been computed and it is
shown that such a characteristic is not necessarily desirable when the time of
rise and amount of overshoot are important. From this basic transient response
it is possible to derive many solutions for selectivity curves composed of straight
line segments. These can be used for comparative purposes when designing
practical circuits

There are often simple relations between the transient resp of a low-p
filter and that of the corresponding high pass filter. Many curves are given to
show these responses, as well as the effect of peaking and rolloff near cutoff.
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18. AUDIO-FREQUENCY

{a) “CONTINUOQUSLY ADJUSTABLE LOW AND HIGH-PASS FILTERS
FOR AUDIO FREQUENCIES” BY ARNOLD PETERSON, GENERAL RADIO
COMPANY.

Filter circuits with continuously adjustable cut-off frequencies have been
developed for audio frequencies. Each filter 1 uses two capacit one
low-Q coil and a twin-triode variable reactance circuit. By proper proportion-
ing of the filter elements, the variable reactance circuit produces a smooth
variation in cut-off frequency over a 3:1 frequency range without serious change
in the nature of the pass-band response. A single potentiometer controls the
cut-off frequency over this 3:1 range, and the range may be extended in steps
by switching the coil and the two capacitors. Beyond cut-off the low and high-
pass filter sections have an attenuation of about 18 db per octave. The discus-
sion will include an explanation of the filter design and the circuit details
w!;i:h achieve the above characteristica even though very few elements are
used.

(b) “A VARIABLE SPEED TURNTABLE AND ITS USE IN THE CALI-
BRATION OF DISK REPRODUCING PICKUPS” BY H. E, HAYNES AND
H. E. ROYS, RADIO CORPORATION OF AMERICA.

The frequency response of a disk reproducing pickup, when measured by
means of a conventional variable-frequency test disk, is a function of the dimen-
sional and physical properties of the disk, as well as of the pickup itselt. This
is because the effects of elastic deformstion of the record material and of finite
stylus tip size vary with the physical wavelength of the undulations of the
recorded groove, and hence with frequency. If variations of test frequency
are instead produced by variations of the rolational speed of a constant frequency
disk, the sbove mentioned effects are constant and do not aifect the response
characteristic of the pickup. A test procedure embodying this latter method is
discussed, slong with experimental results which have been obtained.

A variable speed turntable well suited to this method of calibration is de-
scribed in considerable detail. It covers a very wide continuous range of
speeds, with excellent speed stability and low tlutter.

{c) “METHODS AND INSTRUMENTS FOR THE VISUAL ANALYSIS OF
COMPLEX AUDIO WAVEFORMS"” BY H. R. FOSTER AND E. E. CRUMP,
KAY ELECTRIC COMPANY.

Recently developed methods and instruments for the visible speech work
initiated at the Bell Telephone Laboratories are now being applied to a wide
variety of uses in the audio and supersonic field. Common to these new instru-
ments is the three-dimensional display of time-frequency and amplitude. A
description and demonstration will be given of at least three new instruments.
The Sona-Graph is a sound spectrograph which produces written records on
facsimile psper of the time-frequency-level of audio sounds up to 8000 cps.
The Sonalator is a 29-channel instantaneous speech t lator which employs
29 -ogara!a crystal filters and a rotary beam switching tube to give a visible
speech display on a cathode ray tube. The Sonactor is an iustant ly-
acting pitch extractor. Other instruments now under development will b
sbhown if complete by September.

(d) “DEVICES FOR SPEECH ANALYSIS AND COMPRESSION"” BY DR.
ING. HABIL FRIEDRICH VILBIG, CAMBRIDGE FIELD STATION.

1. Vibrating String Filter. A filter, consisting of many steel strings, will be
excited into maechanical vibrations by means of an exciting coil. The vibrating
strings which are used to excite an electrostatic pick-up device are tuned in
such a manner that their resonance curves are packed closely together. Since
the resonance curve of such a vibrating string is very narrow (1 to 2 cycles)
the whole system will be immersed in damping liquids, to obtain bandwidths
between 30 and 40 cycles for each string. Since an electromagnetically ex-
cited system of this sort is a non-linear device, it is possible to pick off the funda-
mental vibration from a string which is excited in a harmonic. With such a
device it might be possible to frequency-divide and, with special pick-ups, to
frequency-multiply a desired frequency band. It is further intended to Invest-
igate the transient properties of such a filter. 1, through a suitable device,
interlering {requencies are wobbulated with respect to desired frequencies,
then an effective elimination of the interference is perhaps possible since the
desired frequency will pass through the string filters while the wobbulated
interfering frequencies due to transient phenomens in the filter will appear at
the output only as background noise. String filters of any desired character-
istics could be devised merely by on-and-oif switching of the string.

2. Frequency Analysis and Frequency-Band Division. Wave forms of spsech
or other types of vibration are electro-mechanically recorded on a film. Using
diffraction-grating techniques, a diifraction spectrum is produced by optical
means from the film pattern. Through a rotating prism, this spectrum is then
projected onto a stationary spiral split. Light passing through the slit is trans-
formed bya photocell into current vanations. With this combination of rotating
prism and spiral slit, a point-by-point scanning of the dilfraction pattern is made
possible. The current varistion produced by the photocell will be proportional
to the intensity of the spectral line and will be used to control the verlical de-
flection of a cathode-ray tube. If the horizontal time deflection is sy d
with the rotation of the prism then the amplitude distribution of the spectrum
can be displayed on the cathode-ray tube. Instead of a spiral slit, a disc with
& special type pattern has been printed onto the disc with the above apparatus
may be used. Each individual spectral line will excite in the photocell a {re-
3uenc (or a special signal) which will depend on the type of paitern on the

isc. *hu- it is possible to arrange that the photocell will pick up frequenctes
which are related to the spoech frequency or to the freq jes in the speech
spectrum in any desired speech frequoncy ratio. A sp h band comprisi
300 to 3000 cycles might thus be changed into a band of 100 to 200 cycles, etc.
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