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Ae Military Applications of Elestronios.

Q3

(2)

(3)

(4)

Navy Radio and Electronios During World War Il, by Commodore

Jennings Be Dow, U.S Navy.

A very general survey of the Navy's use of Radio and 8180-

tronios was given. No particular equipment was described in

detail, the object of the talk being to provide for those in-

terested an overall review of the subjeot,

The Role of Eleotronios in Anti-airoraft Gun=Fire Control, by

Capt. Fe Be MacLaren, Ordnance Department, Frankford Arsenal,

This was a general talk whioh covered the development of

anti-airoraft fire control to its present highly aocurate and

fully electronic state, The highest accuracy with present

equipment is had with the combination of the automatic tracking

SCR584 Radar, the Bell electronic predictor and the new auto-

matic loading and autamatic fuze setting gun. This combination

was used against V Bombs in England.

Some Technical Developments in Light Wave Communications, by

Commander J. M. Fluke and Lieut. N. E. Porter, U.S.Navy.

Seourity regulations still in existance did not permit the

speaker to go into any detail, A general coverage of the problem

of infra red comaunication was given and it was indicated that

oonsiderable 81000888 had been achieved. It was the speaker's

opinion that considerable further progress was possible in this

field.

Basic Principles of Underwater Sound-iquipment Design, by Capt.

R. Bennett,U.S Navy.
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This was a general talk giving an historical outline of the

development in this field as carried on at the Naval Researoh

Labs., Washington, Pictures were shown of various components of

the equipment.

Be New Circuit Development,

(1) A New System of Angular Velocity Modulation Employment Pulse Tech-

niques, by James F. Gordon, Bendix Radio.

A frequency-modulation system was described in which a crystal

controlled pulse triggers a multivibrator, This pulse establishes a

reference time for the system. The multivibrator is mde to have a

variable assymetry by putting a bias which is derived from the sig-

nal on one grid or cathode, The crystal frequency wes of the order

of 400 KC which is about the upper limit for satisfaotory perform-

ance of the multivibr&tor, The multivibrator frequency wes made

slightly lower than the controlling orystal to get good locking,

Linearity between signal and phase was difficult to get. It was found

that very low resistances in the grid cirouit helped. 200 degrees of

Shift altogether were obtained with less than 5 percent distortion,

The output of the multi was clipped and differentiated to give ᑦ

This could be used directly, or bo control the phase

of & continuous carrier after a multiplication of 100.

(2) Pulse Time Modulation Radio-Relay System, Federal Telecommunication

labs, Nelo

This was a colour motion picture with sound. It was a striking

exanple of what the film can do in this direction. The sound track

provided most of the continuity while the picture divided its time
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petween photographs of equipment, terrain, moving oscillograms
and animated diagrams.

The circuits are separated by direct multiple division at

"supersonic" frequency. A 5 microsecond spacing is provided be-

tween channels, The pulse associated with each channel is 1/2

microsecond wide. The signal moves the pulse baok and forth, I

believe pulse position is equated directly tc signal voltage.

There are advantages in this method over FM and other systems where

"de-coding" is required at the repeaters. As long as a reasonably

wide channel is mainteined,amplitude distortion in the final signal

should be fairly easy to avoid even when the carrier frequency can-

not be amplified directly.

Diagrams and photographs of the division tube were shown. Us-

ing a eathode-rey-oscilloscope type gun assembly, a beam of elec-

trons is moved around in a circle at a "supersonic" frequency. The

divided output corresponds to the secondary emission from a number

of "dynodes", one for each channel, arranged opposite apertures

around t he circle covered by the beam, Although linearity is not

required, the output is actually linear to within 2 percent, it was

cleimede

Most of the experiments were done on a triangular chain of

links including New York. The aerials were paraboloids which looked

larger than 6 feet. The transmission frequency was 1300 megacycles,

and the repeaters were a caubination of a receiver and oscillator,

although direct amplification would have been possible, (it was

claimed). Different frequencies were used for transmission and recep=

tion although an "interleaving" system was contemplated.
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The division rule was chosen to reduce the division frequency

note present in the output to a reasonable level, The division

frequency used on the experimental system was 8000 cycles. The

top audio frequency was found theoretically to be 1/2,5 times

this. It was not stated how much the division frequency note was

reduced at this ratio, but it was claimed that the oriterion could

be applied to high fidelity systems as well, The sound track had

been sent over a link, and while I could not detect an 8000 cycle

note, the quality was no better than average telephone quality

either. When the above criterion is satisfied, distortion near the

high frequency limit is sufficiently low, it is claimed.

(3) Stagger Tuned Wide Band Amplifiers, by H. Wallman, MIT.

(4)

Ten and fifteen megacycle amplifiers using stagger tuning were

described. The lecture followed his paper of 1944 closely. (NRC

10381).

He described a new type of tuning coil used at MIT. It is an

extensible coil of phosphor bronze wire and has advantages which I

didn't catch,

Electronic Stabilization of Microwave Oscillators, by R. V. Pound,

Two methods of electronic frequency control relative to the

resonant frequency of a cavity resonator are discussed. Tho rela-

tive frequency can be maintained to better than one part in 108,

and the absolute stability is that of the cavity.

It is pointed out that while direct reference to a quarts

crystal was possible at microwave frequencies, it was not conven-

ient. Further, the Q's of cavities compare favourably with the
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Q's of low frequency crystals,

He quoted 109 for S-Band cavities having a single mode over

a satisfactory range, The temperature coefficients are usually

better because of the greater ease with which compensation can

be introduced, and the possibility of a wide choice of low-

coefficient materials such as invar.

The first method deseribed involved using a high Q cavity as

a load for the oscillator. Some measure of stabilization is

achieved, but control is often difficult,

The second involved the use of magic Tts and DC amplifierse

This is the well known system described in MIT report NRC 15525,

The "improved" system allows the necessary amplification to be

done at high frequencies, thus eliminating the dc amplifier with

its "Traditional troubles". "Basically", he says, "The circuit

measures the imaginary part of the reflection coefficient at the

savity and produces a dc voltage proportional to it which is used

as the error voltage applied to the microwave oscillator". The

manner in which this is accomplished may be found in report NRE

16431.

Vacuum Tubes.

(1) Microwave Triodes Adapted to Modern Usage, by Everitt Godell

Sylvania.

The lighthouse and grounded grid types of microwave tubes

have been developed for gener&l use. They involve tho ring type

of copper to glass seal. Grids having 300 wires to the inch oan

be provided using the technique of the Neher K-band tube,

A typical tube is the Sylvania 2087 which appears as below in

an oscillator with external feedback.
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ᓘ Concentric Line Circuit.

Filament volts 6.3, filament watts, 2.5 Anode dissipation 5 watts,

At the present time, the tubes are just leaving the experi-

mental stage. Flexibility has been arranged in the seals so that

either or both may, for example, be bent back, Internal loops for

feedback may be provided.

On pulsed operation the ratings are 600 volts peak, 0.7 amps

peak, lOOwatts peak, duty cycle less than 1 percent. The efficiency

at low £ requencles is about 50 percent, at 3000 megacyoles, 18 per-

cent. In a class AB cireuit, the gain is 11 db., class B, 8 db.,

class C 5 db, The output class C 18 5. watts, The tuning range is

1.5 to 1, the frequency range 500 to 4000 megacycles. The highest

plate circuit efficlency reached is 55 to 60 percent. The "resna-

trons" with outputs up to 60 KW were shown on slides, Tetrodes where
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the second grid allows a higher electron velocity to be obtained

were described. Some of the bad effects of long transit Lime can

be avoided. It is possible to control transit angle and produce

frequency modulation, Plate modulation of magnetrons was discussed.

Generation of Continuous Wave Power at Very High Frequencies. Dyer,

Radio Researoh lab., Harvard University,

Techniques for obtaining continuous power in the radar range of

frequencies are described. These sources have been improved as to

efficiency, modulation eharacteristios, and ease of tuning. Some

oan be tuned over ranges such es 1.5 to le Parallel plene triodes

have been frequency modulated up to 1 percent by using the frequency

change with plate current, or "electron transit reactance", Sometimes

this is accomplished in a separate tube, sometimes in the oscillator

tube itself. This ability to control the frequency by electrical means

can be used also to remove the undesired frequency modulation when ame

plitude modulation is desired, or it may be used to stabilize the os-

cillators. Frequency modulation of magnetrons up to ᐛ megacycles at

500 mogacycles has been accomplished using a second magnetron tied to

the first by a half wave line. The second magnetron is cut aff and the

space charge is varied by changing the anode voltage.

A parallel plane triode, the 3C22,was described.

Design of & Small Size High-Voltage Rectifier, Type 126, Geo.Baker,

National Union Radio Corporation.

The 122 is a Miniature halfereve high vacuum rectifier designed for

high voltages and low currents, Either low or high frequency operation

is possible due to the small size, and the extent to whioh the effect of

dielectric field in the glass has been reduced, The filament power is

less than helf a watt,
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The chief problems, arising from the small size,proved to be

(1) filament vibration in the eleotric field, (2) cold field

emission from the plate, (3) glass troubles when stray electrons

struck glasse

Filament troubles were reduced by reducing filament voltage.

Cold field emission was due to the shape of the electrode pro-

ducing a concentration of field at one point, It did not vary

appreciably from metal to metal, The shape of the electrode was

redesigned in a salt tank. Some designs which gave satisfactory

contours for field at the plate caused glass troubles when the stray

electrons cracked the glass. A very good vacuum was of course re~

quired. Nickel anodes were found too hard to degas, and dumet was

substituted. It had to be electropolished and gold plated, apparently

to make the surface smooth enough to prevent colá-field emission,

Better techniques were found more important than manifold vacuum,

ᐝ Photocell measurements on the filament showed that a change in

temperature equivalent to ᓏ 14 percent decrease in power occurred

when drawing current.

Glass Problems in the Manufacture of Miniature Tubes, by Henry Je

Miller, RCA, Harrison, N.Je

The speaker pointed out that lO years, or from 1934, was the de-

velopment time for miniature tubes,

The first discovery waa that the exhause tube in the stem was not

practical from the standpoint of mechanical strength. The second was

the importance of allowing for some change in position of the pin when

the tube is placed in the sookst. A socket in which the pins really

float could not be counted on.
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The design shown in the diagram was adopted in 1943, By the use

of a metal which does not seal to the glass for the pin, bending of

the pin away from the tube axis is allowed for. The specifications

allow a b degree angle on the pins,

The techniques of sealing the glass envelope to the base assembly

were developed using strain figures measured in sections of finished

tubes, The final technique produces a set of strains similar to those

in a case hardened metal. Negative strains are set up which aid the

tube in resisting external forces.

Finally, a test wes developed which could be applied quickly and

which apparently gives complete protection against delayed failures.

The tubes are shoved over a cone which bends the pins out at an angle

of 5 degrees. They are then placed in boiling water, The bending of

the pins, and the change in temperature set up test strains, and the

water vapor penetrates cracks and causes them to open up immediately.

Without the water vapour, it is possible to have craoks whioh travel

so slowly that the failure might be postponed until the tube is in the

field.
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(1) Microwave Magnetrons, by Ge Be Collins.

and

The basic theories of magnetrons was reviewed ,/sone of the

radar types were shown, Nothing was said about any higher fre-

quencies than K-band, and K-b&nd types only were included in

slides. The life of the continuous magnetrons has not been

increased according to Dr. Collins, but this ia being worked on,

He mentioned a life of about 200 hours,

(2) Magnetrons Cathodes, by M. Pomerantz, Bartel Research Foundation

of Franklin Institute.

Experimental diodes were shown which provided the proof that

the very large primary emissions which appeared when magnetrons'

were prevented from oscillating, really occurred. These diodes were

used in research on cathodes and cathode life. Their mall size re

duced power supply requirements, and allowed increased loadings of

cathodes.

Some secondary emission cathodes were described which differed

from ordinary cathodes (which also depend on secondary emission),

by virtue of the fact that they run at room temperature. They have

to be water cooled and require pilot filaments to start them Thoria

cathodes have been made in this way for CW magnetrons. Dow metal on

copper and a silver-magnesium alloy have also proved promising. 100

&mps per square centimeter has been obtained, The best ratio of

secondariee to primaries is about 163 for the silver-magnesium cathodes,

as compared with several hundred for the ordinary oxide cathodes. The

difference is due to the difference in temperature. The advantage of

having the cathode at room temperature and cooled is that the depen-

dence upon oscillating condition is removed. To get the proper life

from an oxide cathode, adjustments of the heater power have to be made,
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(3) Cascade Amplifier Klystrons, Levinthal, Sperry Gyroscope.

Three resonator klystrons were described. The gain approximates

that of two tubes if the gain of each is much greater than 2. When

thie condition is not satisfied, the maximup gain is obtained with

the resonators detuned. In the case where the gain is 4, per stage,

the maximum value of gain with the resonators detuned is nearly 16,

or nearly that obtained with 2 tubes.

(1) Airborne Equipment for Radar Bombing, by Maj. F. Le Holloway, Capte

Re P, Burrows and J. E, Keto, Air Technical Service Command.

(2) "Naval Airborne Radar" by Capt. L. V, Berkner,U.S.Navy.

(3) “Radar Aspeots of Naval Fire Control", by Captain Dundas P. Tucker,

U.S.Navye

n (4) "Application of Radar Techniques to Airoraft Fire Control Systems",

by Maj. E. Ae Massa, Capt. I. Pg&nelli and Capt. Fred A. Best dre,

Air Technical Service Command.

These talks served as a general review of the various subjeots

ehiefly for the benefit of those not in touch with these developments,

throughout the war.

Fe Microwave Techniques.

Metallized Glass Attenuators, by Ernst Weber, Polyteoh Institute,

Brooklyne

Metal films on glass have been developed to overcome the defects

of carbon strip attenuators. In tha 1000 ohm per en? range, the stab-

ility and temperature coefficient compare with wire wound resistors.

Higher and lower ranges have higher temperature coefficients. 100,900

ohm per om” is the upper limit at present. Corning Glass are mnufac~

turing plates, rods, disos in tentative quantities and invite sugges-

tions as to useful types. When used as high frequency resistors,
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connections are made to a tab-olamp which is soldered direotly

ᐩ to a film,

G. Crystal Reotifiers

(1) Crystal Mixers, by Torrey, MIT, Miller, University of Pennsylvania.

Three terminal-pair representation of crystals was outlined

and slides of MIT mixers were shown,

Interesting measurements by Miller on the noise spectrum of

crystals showed that the noise temperature of crystals varies inverse“

ly with the frequency, The noise in the audio range is always large,

& noise temperature of 105 being typical, A mechanism responsible

for the observed noise was net suggested.

He Industrial Electronics,

(1)

(2)

"A New High-Speed Reoording Potentiameter", by V. L. Parsigain,

C.J. Tagliabue Division.

A new high-speed recording potentiometer having a carriage travel

of lO inches in one seoond and balancing to within an acourasy of

0.1 per cent of full range was described. The instrument is of the

photoelectric type, using ᖐ new sturdy, short period, low-intertia

galvanometer, a photocell, and a phase-reversing amplifier which

drives a split phase carriage motor when the photocell illumination

exceeds or is less than, an intermediate "balance" value. Means for

cancelling the galvanometer lag was described as well as a new thy-

ratron oirouit for printing records.

"Tho New '3poedomax" Power-levol Recorder", by A. J. Williams, σερ

and W. R. Clark, Leeds and Northrup.

This new recorder was described in detail and lantern slide pic-

tures were shown, The design of this instrument provides a faithful
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record of either rapid or slow variations in power level with

time and it is independent of power frequency over the range

of 25 to 150,000 cycles per second. The Recorder has a scale

linear in decibels. A 20 db change in power level can be recorded

in about one second,

Example curves were shown on slides to illustrate how the

instrument could be used to plot the frequency response oharao-

teristics of an amplifier, filter or transformer,

($) "Linear Servo Theory", R. E. Graham, Bell Labs.ry

The theory of Servo systems was reviewed and treated as a feod-

baok circuit. Typical components of eleotromechanical oirouits were

described. Electrical oircuit feedbaok theory was used as a basis

for a discugsion of linear servo design. It was pointed out that a

logarithmic frequency plot is adequate for most designs. Exact and

approximate methods for calculating dynamio errors in follow-up sys-

tems were described and sane consideration was given to the inter-

relations between input signal, dynamio error, transient response, and

noise vulnerability. ᐝ

4) "A New System of Radio Telemetering" by David W. Moore, Jr., andνὰ

Frank G, Willey, Fairohild Camera and Instrument Corporation,

This system makes use of phase shift of a signal frequency in-

stead of amplitudes modulation, One advantage pointed out for this

was that starting from a datum point any number of rotations of a

pointer could be transmitted. The system was built up using stand-

ard airoraft FM transmitter and receiver units to which was attached

in the oase of the transmitter to the microphone jack a speoiel modu-

later unit attached to the meter on the instrument panel and in the



-15-

case of the receiver a speoial indicator unit attached to tho loud=

speaker jack, Thus very little special equipment was required. While

. only one meter was telemetered in the experimental set up, multiple

telemetering was oonsidered possible,

Photographs of the various units were shown from lantern slides,

Ie Radio Propagation

(1) ‘the Role of Atmospheric pucts on the Propagation of Short Radio Waves,

Freehafer, MIT,

The theory of anomalous propagation was outlined. The dependence

of the duot height upon frequency was developed, to show why the centi-

meter waves only were concerned.

Mueller of Bell Telephones desoribed the work of King and Robertson

(886 6502 and 6503) in measuring attenmtion of microwaves in rain and

C snow, In addition to the values given in the paper, additional measure-

monts were desoribed. On one occasion an attenuation in wet snow at 1,2

om of 5 db, per metre was found, This was measured with two horns a

short distanoe apart. The attenuation in dry snow was very small, No

effect due to fog was found. The losses at 0.62 om, were measured with

a crystal harmonic generator as souroe, They are still higher than 1.2

om losses, reaching a value of 42 db, per mile for a cloudburst. (The

3 on value given is 4 to 5 db per mile, at 1 om 30 db per mile and the

Gas loss at 0.62 om 0.2 db. per mile).

i 2. Measurement of the Angle of Arrival of Microwaves, by W. M. Sharpless, Bell

\ - Telephone,

This work is described in dooument NRC 14366, (This document now in

Alberta), A 20 foot aprabolio slice was set up at Beer's Hill, N.J.

Profile was as shown below. By adjusting the surface of the parabolic

slice, a very high directivity was obtained, A special scanning system

ᐟ was used enabling an accuracy of 1/25 of a degree to be obtained.
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. The variations were found always to be above the optical line

On the Beer's hill oircuit a max variation of 0.26 degrees was ob-

served, Ona longer oircuit of 12.6 miles, variations of 0.59 degrees

above normal inthe direct line of sight were found in the refleoted

peth 0.15 degrees,

T The horizontal directions were less steady. New experiments carried

out on 1.25 om showed as many as four paths at once. More papers on

this work will soon be published.


