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ULTRA CoMPACT

Application

Low impedance mike, pickup 5
1 333, 500/600 ohms

or multiple line to an

pickup.
Multiple

Low impedance mike,
or line to V of 2 grids.

Low impedance mike, pickup:
or multiple line to PUs

grids

ginale plate to two arids. split
primary

Gingle plate to two gnids

8 MA unbalance

gingle plate to multiple line

ingle plate to multiple line
8 MA unba\anced D

push pull tow level plates to

multiple line

Audio choke, 300 henrys @
inductance with no D.C. 450

The above listing includes only o f
¢ Audio Units available . - -
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150 vARICNK STREET

ExPORT DIVISION: 13

2 (ORP. — NEW YORK

HERMETICALLY SEALED

aané i UNITED ST,

On special orde
r, we can suppl
% : ply any of the Ultr
1 clpacts hermetically sealed per Jan T-27 Gr (la
ass A i Slami
o in t?ur RC 50 case as illustrated
m s: Height 2%4”, Base 1:%” x 13 .
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HIGH FIDELITY AUDIO UNITS

+2 DB from List
Price

Secondary

Primary
Impedance

Impedance

o 125/150, 200/250.

50,000 ohms 30-20,000 $15.00

50, 200, 500 ohms 50,000 ohms 50-10,000 16.00
alloy shiclded for extremely low hum pickup

80,000 ohms overall in 30-20,000 15.00

two sections

50, |25/|50. 200/250,
333, 500/600 ohms
14.00

80,000 ohms overall, 30-20,000

8,000 to 15,000 ohms
2.3:1 turn ratio overa

80,000 ohms overall, 50-20,000 18.00

2.3:1 turn ratio ovetal

50 125/150, 200/250.
333, 500/600 ohms

50, 125/150, 200/250,
333, 500/600 ohms

50, 125/150. 200/250.
333, 500/600 ohms

15,000 ohms

10-20,000 15.00

8,000 to 15,000 ohms

50-12,000 14.00

8,000 to 15,000 ohms

50-20,000 15.00

8,000 to 15,000 ohms
each side
10.00

7 MA 6000 ohms D.C., 75 henrys @ 4 MA 1500 ohms D.C..

henry®
ew of the meny Ultra Com-
Write for ouf new catalogd.

® NEW YORK 13, W Y.

CABLES: ~ARLAB™

EAST 40th STREET, NEW YORK 16, .Y




Arrangements Conterence Chairman Section Chairman Registration

M. T. LEWIS ‘ R. A. BRODING A. S. LEVELLE G. B, LOPER
Exhibits Special Events
). F. KLUTTZ G. C. SUMMERS
Publicity Technical Program
D. J. TUCKER J. K. GODBEY
DECEMBER 9-10, 1949 BAKER HOTEL—DALLAS

Worth Section. This Conference is of outstanding importance to all members in Region
6. Under the theme of “New Developments in Radio Electronics,” it is dedicated to sat-

isfying the informative needs of radio and electronics engineers in the Southwest.

CHECK THESE FEATURES

1. Manufacturers Exhibit Show: The latest in radio engineering equipment will be

shown throughout the two day session.

9. Technical Sessions: Selected papers in the fields of Radio Broadcast, Television,
Measurements, and Geophysics will be presented by nationally known men in these
fields.

3. Banquet: President Stuart L. Bailey will be the speaker.

4. Special Events: Inspection trips to T.V,, Broadcast AN and F\ Statious, Geophysical

Laboratories and Southern Methodist University. Christmas shopping tor the wite.

Calendar of

For Further Information Write COMING EVENTS
Registration Exhibits Technical Program I\ili)li‘;”‘iLE(;iodl:O E:l(lg]]l::(;onég)‘t}c,m-
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10-14
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= N.Y., October 31, November 1-2
1949 Nucleonics Symposium, New
York City, October 31, Novem-
ber 1-2
1950 IRE National Convention,
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‘fi[l!”“i ] 31, November 1-2, Washington,
D.C.
Technical Conference on Anten-
The Skyline of Dallas, Texas ?qaas;sffsa'gﬁi,Cétc’;o?,:ft}?};RE'

IRE Regional Meetings Accelerate Electronic Progress!
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SMALLER, LIGHTER, LESS EXPENSIVE

HIGH VOLTAGE D-C CAPACITORS

Glass-to-metal
terminal als ’ .

/‘-.

pioneered and
perfected by
Spragve

NOTE THE SIZES AND RATINGS!

Standard Vitamin Q Capacitors. Many
special sizes and ratings also available.

DIMENSIONS
Can Terminol Cot
Height Height No.

D.Ct
Cop Roted
Vaoitage

Depth

25P51
25P52
25P53
25P54
25P55

20 8000 i 6 2%
40 8000 8% 4% 9% 2%
60 3000 8% % 13 2%
10.0 8000 13% a'%A 13% 2%
12.0 8000 13% 5V 12% 2%

25P56
25P57
25P58
25P59
25P60

1.0 10000 8'% a' 5%
20 10000 8% 4% 8%
4.0 10000 13%2 4'% 9%
6.0 10000 13% 1'% 13%
8.0 10000 13% 5% 12%

K ALETY
3"e
an 16
3IMe
3'4e

25P61
25P62
25P63
25P64

1.0 12500 8% a% 7%
2.0 12500 8% 4V 12%
4.0 12500 13% 5V Nk
5.0 12500 13% 5 13%

3Iie
3'e
3Ie
I
1.0 16000 8% 4V 102

2.0 16000 13% aVa 12%
3.0 16000 13% 5% 13%

4 16
4%
4

25P6S
25P66
25P67

10 20000 13% 4% n
1.5 20000 13 5V 12%

25P68
25P69

4'e
4'/¢

{Copacitors with voltage ratings above 10 KV are recommended for upright
mounting anly. For mounting in other positions, please supply complete application
data for recommendation by Sprague engineers.

USE an ordinary capacitor rated for
40°C. operation on a high-voltage d-c
filtering circuitand chances are the higher
temperatures encountered will necessi-
tate a serious de-rating. In other words,
you will have to buy a larger, heavier and
costlier capacitor than you actually need.

Standard Sprague high-voltage capaci-
tors impregnated with Vitamin Q, how-
ever,are rated conservatively for operation
at 85°C. They require no de-rating up to
this temperature. Special units can be sup-
plied for continuous use up to 105°C,

These capacitors are consistently superior
in their ability to maintain a high degree
of capacitance-temperature stability.
Power factor is outstandingly low over a
wide temperature range; d-c insulation
resistance is notably high; and a-c ripple
voltage at audio frequencies falls well
within permissible limits. Equally impor-
tani, Vitamin Q impregnated capacitors
have a high safety factor at all tempera-
tures, thus assuring long life.

Write for Sprague Engineering Bulletin 203.

VITAMIN O

*Reg. U.S. Pat. OFf.

SPRAGUE

SPRAGUE ELECTRIC COMPANY o

CAPACITORS

NORTH ADAMS, MASS.
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B NEW-hp-ACCESSORIES INCREASE
SCOPE OF YOUR -hp-VOLTMETERS

2 ' sent -hp-
-hp- 452 A Capacitive Extend the usefulness ot your pre p

Voltage Divider voltmeters with these new precision-built
For -hp- 400A, 400C and 410A Voltme- -hp- accessories. Save time and work. Sim-
ters. Safely measure power, Supersonic . ! .

and dielectric heating voltages to 25 kv. plify tedious jobs. Make fast, accurate
Accuracy * 3%. Frequency range, 25 cps 5

to 20 mc. Division ratio 1,000:1. Input measurements far beyond the original

ity 1 f. Pri 75.00. .
capaciiy 16 agloBiced range of your instruments.

-hp- 470A—470F Shunt Resistors

For -hp- 400A or 400C Voltmeters,
to measure currents as small as 1 ua
full scale. Accuracy, = 1% to 100 kc,
* 5¢% to 2 mc. Max. power dissipa-

s - 100~  4aSHUNT tion 1 watt.
-hp- 453 A Capacitive Voltage Divider wooel® 4700 Tswelor it Value Price
. MAX. VOLTAGE Q
For -hp- 410A Voltmeter. Increases range so transmitter voltages -hp- 470A . . . .. 0.1 $7.50
can be measured quickly, easily. Accuracy * 17%. Division ratio, -hp-470B . . . .. 1.09 6.00
100:1. Input capacity approx. 2 uuf. Max. voltage 2,000 v. For -hp-470C . . . .. 10.092 6.00
frequencies 10 kc and above. Price $20.00. -hp-470D . . . .. 100%2 6.00
bp-470E . . . . . 6009 6.00
bp- 470F . . . . . 1,0009 6.00

-hp- 454A Capacitive Voltage Divider

For -Ap- 400C Voltmeters. Safely

measure power, audio, supersonic

and rf voltages. Accuracy * 3%.

Division ratio, 100:1. Input im-
| pedance 50 megohms, resistive

shunted with 2.75 uuf capacity.

Max. voltage, 1,500 v. Price
! $20.00.

-hp- 459A DC Resistive Voltage Multiplier

For -4p- 410A Voltmeter. Gives maximum safety and convenience
for measuring high voltages as in television receivers, etc. Accu-
racy * 5%. Multiplication ratio 100:1. Input impedance 12,000
megohms. Max. voltage 30 kv. Max. current drain 2.5 micro-
amperes. Price $20.00.

' -hp- 455A Probe Coaxial —~
L "T” Connector n"\__ J :

For -hp- 410A Voltmeter. Measures voltages |
between center com‘]uctor and sheath of 50 -hp- 458A Probe Coaxial "N” Connector

ohm transmission line. Maximum standing

wave ratio 1 to 1.1 at 500 mc; 1 to 1.2 at For -hp- 410A Voltmeter. Measures volts at open end of 50 ohm
1,000 mc. Male and female Type "IN’ fittings. transmission line. (No terminating resistor). Uses female Type
Price $35.00. “N" fitting. Price 817.50.

) : All prices and data subject to change
ot Pt 7= Prices F. 0. B. Palo Alto

Write for details or see your -hp- Representative.

HEWLETT-PACKARD CO.
- 19360 PAGE MILL ROAD + PALO ALTO, CALIFORNIA

Export Agents: Frazar & Hansen, L1d.
301 Clay Street, San Francisco 11, California, U.S. A,

PROCEEDINGS OF THE {.R.E, Octaober, 1949 3A
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He f'inds trouble by ear
{

57

As this cableman runs his pickup coil
along the cable, his ear tells him when
he has hit the exact spot where unseen
trouble is interfering with somebody’s
telephone service.

Trouble develops when water enters
a cable sheath cracked perhaps by a
bullet or a flying stone. With insula-
tion damaged. currents stray from one
wire to another or to the sheath. Al the
telephone oflice, electrical tests on the
faulty wires tell a repairman approxi-
mately where to look for the damage.

A special “tracer” current, sent over
the faulty wires, generates a magnetic
field. Held against the sheath. an ex-
ploring coil picks up the distinctive
tracer signal and sends it through an
amplifier on the man’s belt to head-
phones. A change in signal strength
along the cable tells the exact location
of the “fault.” '

Compact, light, simple to use, this
test set makes it easier for repairmen
to keep your line in order. It is another
example of how Bell Laboratories re-
search helps make Bell Telephone serv-
ice the most dependable in the world,

BELL TELEPHONE LABORATORIES

Exploring and inventing, devising and
perfecting, for continued improvements

and economies in telephone service.

-
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CLMPONENTS

/aw PRINTED CIRCUITS

1.F AMP 2NO DET AUDIO AMP

o =) ...THE PROBLEM

LA |

.cosmf g

Hi-Q engincers were recently asked

to design a component which would

called for in the schematic drawing
illustrated at left. The problem was
one of space saving without affect-
ing the operation of the circuit.

-I“*—*—q % _ replace the 4 standard components

THE SOLUTION

Hi-Q engineers designed a printed cir-
cuit known as the Hi-=Q P. C. 100. This
component replaced all 4 of the stand-

-
.002 | 250, 250 .005

ard sized units formerly used, thus re-
ducing the physical proportions of the space
formerly required. In addition, this new com-
ponent climinated 259% of soldering time as
o\ well as eliminating 759% of the unit handling
cost. The result of this customer’s foresight in
placing his problem before Hi-Q engineers 1s
that a new component was dcsn;,nul which

AULDIO COUPLING
DIODE FILTER
H.F SUPPRESSOR
OUT PUT COUPLING

saved our customer space, labor and time.

WHAT’'S YOUR PROBLEM?

Our engineering department will gladly work
with you on any problems you might have.
Consult with us and ask for our suggestions
rcg‘n(lmg your specifications before your de-
sign has gone too far. Perhaps we can work
out savings in space, time and labor for you.

WRITE FOR FREE CATALOG

JOBBERS—ADDRESS ROOM 1332, 10] Park Ave., New York, N.Y,

EWM

FRANKI.INVILI.E, N, Y.

Plants: FRANRLINVILLE, N.Y.—JESSUP, PA.—MYRTLE BEACH, S.C.
Sales Officoss NEW YORK, PHILADELPIIA, DETROIT, CHICAGO, LOS ANCELES

PROCEEDINGS OF THE I.R.E. October, 1949 Sa




a simplified, outstandingly
dependable LINE SWITCH .

for Stackpole Controls

OPEN

(Interior views approximately
2V times octual size of switch)

[ ~

G

ﬁ\

CLOSED
Only .888" in diameter by .312" mounted on a fiber surfaced Bakelite base
thick, this Type A-10 double- to reduce arc tracing. The base is held se-.
pole, single-throw line switch curely in the can. Throughout, the switch is
fits even the smallest Stackpole constructed for long, trouble-free service
controls. Rated 1 ampereat 250 volts AC-DC and in suitable ratings for portable and auto
or 3 amperes at 125 volts AC-DC, it com- radios and numerous other applications. A
bines outstanding ruggedness of design  similar single-pole design (Type A-11) with
with ample-sized contacts and positive con- dummy terminal is also available.
tact wiping action. Stationary contacts are Write for Stackpole Bulletin RC-7

ELECTRONIC COMPONENTS DIVISION

STACKPOLE CARBON COMPANY, ST. MARYS, PA.

VARIABLE RESISTORS FOR MODERN RADIO AND TELEVISION NEEDS

6A PROCEEDINGS OF THE I.R.E! October, 1949




you GET A

When you bring your sheet metal fabrication problems to
KARP, you immediately set in motion o “round table” board of
experts whose combined specialized skill ond experience is
without an equal in the field. This group includes the president,
chief engineer, chief droftsman-designer, chief toolmaker, plant
superintendent, production manager and cost accountant.

These men moke o detailed study of your speciol require-
ments. They plan, design and engineer the job with your needs
and uses in mind. They determine the best manner of producing
it, utilizing KARP'S superior equipment ond facilities to your
greatest advaontoge.

When your job is finished, it will be correctly designed for its
application, handsome, rugged ond built for long service life.
You will have no costly problem of assembly . . . no need to
spend additional time and labor on finishing touches. The job
will be COMPLETE, ready for the installotion of your electrical
or mechanical operoting ports with eose ond simplicity. No
motter how many units you order, every lost detoil will be
absolutely uniform.

This custom service not only gives your product added volue,
but under KARP methods may often save you money.

Consult us for cabinets, housings, chassis, racks, boxes,
enclosures or any type of sheet metal fabrication.

Knrp METAL PRODUCTS CO., INC.

223 — 63rd STREET, BROOKLYN 20, NEW YORK

October, 1949
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Heat dissipation can be

Heat dissipation can be mighty tough
... but not for IRC resistors. They are
universally engineered for the lowest
possible operating temperatures and
maximum power dissipation within the
smallest size units consistent with good
engineering practice.

Long experience with the widest line of
resistor types in the industry has pro-
vided IRC with a wealth of “know-how”
on resistor heat dissipation. In Power
Wire Wound Resistors for example, the
complete range of tubular and flat types
manufactured by IRC utilizes a special
cement coating to attain rapid heat dis-
sipation. This dark rough surface does
double duty by effectively guarding the
windings against harmful atmospheric
moisture and corrosion. Use the handy
coupon to get complete data on proven
advantages of IRC Power Wire Wounds. !

IRC Flat Wire Adi 1
Th e 52 spe- . justable types . o
cmec"::;n ol‘rl:C V;/*ou"d Resistors feoture the ex. :°w°'2 ratings Windings ore of

offer o higher clusive IRC non- rom to 225 highest grode ol- e

Power Wire

Wound Resistors. ipace-power corrosive contact wotts. Voriety of loy wire on tough

rotio. band. 8 terminal types. ceramic forms.




tough %)/?///

New, ADVANCED BT Resistors obsolete present
performance standards for fixed composition resistors.
Extremely low operating temperature and excellent
power dissipation in compact, light weight, fully insu-
lated units ot V4, V2, 1 and 2 watts. These ADVANCED
resistors meet JAN-R-11 specifications. All the facts
are included in 12-page technical data Bulletin B-1.

. @

Water-cooled LP Resistors utilize high velocity
water stream flowing in spiral path against thin
resistance film. High power dissipation is made
possible by centrifugal force holding water in

o SN . thermal contact with resistance surface. Resistance
Heat dissipation propertios of afy- film less than 0.001' thick with active length
much less than ¥4 wave length at FM and tele-

minum are used to full advantage in
housing and winding core of IRC Power

isi frequencies, gives excellent frequency
Rheostats, 25 and 50 watts. T PR M i 5
Rheos':'s ope‘::'e ot 400 roz:ge at characteristics. Resistance values 3510 1500 ohms;
about half femperature rise of equiva- 15% tolerance standard; power dissipation up

lent units. Can be operated at full to 5 K.W. ac. Bulletin F-2 gives all the facts.

power in as low as 25% of rotation
without appreciable difference in tem-
perature rise. Direct contact between
rheostat and mounting panel allows
rapid conduction to panel of a portion of
heat dissipated. Send for Bulletin E-2.

If you have the heat put to you for
speedy service on small order resistor
requirements for experimental work,
pilot runs, etc., you'll appreciate the
advantages of IRC’s Industrial Service Plan. This enables
you to get 'round-the-corner service from the local stocks of
your IRC Distributor. He’s a good man to know . . . we’ll
gladly send you his name and address.

r--—--——---——————-——------l

| INTERNATIONAL RESISTANCE COMPANY
i 405 N. BROAD ST., PHILA. 8, PA.

ummmwsww:
]

Power Resistors * Voltage Dividers
Insulated Composition Resistors ¢ Low
Wattage Wire Wounds * Controls

1
1
i NAME ., ... iveenennmreooaoososssssossrosstososrossossssssessassss
DepositedCarbonPrecistors*Precisions i
; 'NTERNAT'ONAL cFlaﬁd Hi:hIVoll'oqe RReh’i"on : TUTLE g oo & goa 408 B ot o 6k BrstonaTarsls) B 6 o o8 oo o sTorene @ EWENase ' ¢ oss ok § Frel AT
oltmeter Multipliers ® eostats
RES'STANCE COMPANY P r 1 COMPANY . . v iieeeeeerooseosssoessessosssorasesrossscsronsarsss
40) N. Broad Street, Philadelphia 8, Pa. : ADDRESS . ¢ colacs 2 «A's o9 Aal 52 102 Cmeretopemrs - Lo 8
In Canado: Internalionol Resistance Co., Lid., Toronto, Licensee R S S . G R RS T ] TIN5 ¢ A 2000 * 1] L 50
i . 4.7.ARNDT & CO,,ADV.AGLNCY 1




World’s fastest automatic changer

Qz//c&é charnge artst

Hundreds ot thousands are now enjoy-
ing RCA’s thrilling new way of piaying
records . . . they marvel at its wonderful
tone . . . and the speed with which it
changes records.

Prolongedresearchis behind this achieve-
ment, research which sought —for the first
time in 80 ycars of phonograph history—a
record and automatic player designed for
each other.

Revolutionary is its record-changing
principle, with mechanism inside the

central spindle post on which records
are so easily stacked. Result: a simpli-
fied machine, that changes records in
5 seconds.

Remarkable, too, are the new records —
only 67 inches in diameter —vet giving as
much playing time as conventional 12-inch
records. Unbreakable, these compact vinvl
plastic dises use only the distortion-free
“quality zone”... for unbelievable beauty
of tone.

Value of the research behind RCA’s

10a

in RCA 45 rpm system —
changes records in 3 seconds.

45 rpm system —which was started 11
years ago at RCA Laboratories —is secen
in the instant acceptance, by the public,
of this better way of playing records.
Music lovers may now have both the 45
rpm svstem, and the conventional *78.”

Development of an entirely new record-
playing principle is just one of hundreds of
ways in which RCA rescarch works for you
Lea(lcrshi]l in science and engineering adds
value bevond price to any product of RCA,
or RCA Victor,

e RADIO CORPORATION of AMERICA

@ Worla Leader in Radio — First in Television

i, S

L October, 1949



TORTURE TESTS PROVE SWITCH PERFORMANCE

S A
/ Turn it on.@Tum it off. 6 Do this 25,000 times or more and
, é

you’ll get a good idea of the terrific punishment % é"’.&‘ Centralab

\ Ay | A
E/‘/‘ g switches 1§l&s must be able to withstand. Day —\&/

I o
and night, _@' _sp skilled CRL engineers /\@and specially designed testing

AR SR

1 I g A 5
machines put Centralab _%—:‘I‘n ‘gl 1 switches -f@through torture tests _my—

et N

) no switch @ is ever asked to undergo in ordinary operation. What does this mean

— \;w“”
to you??@ Just this. You can be sure that Centralab_ J,___}-li‘,l_'“’i gives you the

smooth operation /'::'\> 5@:,;—; , positive indexing é}‘;’% and accurate positioning
, =

4

FA
Lo W} you want in the switches -]ic:. you buy. What’s more, you can be sure
~ | “—3 .
—’l_ - tf:\JLIL;. ;

CRL F=*+"—1 switches @ will continue to provide these advantages
0
: e
for a long, long time. _ } Kj—

Constant checking makes sure CRL switches Accelerated life test machine rotates through Resistance of switch insulation to atmospheric
give you irable unif w fixed number of positions at 1000 cycles per change is tested in controlled temperature
sistance. Here rincer tests resistance hour proves switch springs, clips and and humidity chamber, Test helps avoid
contacts stand up under long, hard breakdown or leakage,
-

Cenab — DEVELOPMENTS THAT CAN HELP YOU

Division of GLOBE-UNION INC. « Milwoukee




Centralab reports to

* Up to 24 insulated clips on each section 1sive ® Up to 18 insulated clips on each section cuts unit size and cost,

CRL feature — assures great variety of switching combina- Snug-fitting square rot 1aft plus individually aligned and adjusted

tions cuts size and cost of units. ® No rotor rivets used cor a ccurate positioning. ¢ Multiple-gang design pro-

Where it's not nec ry to connect contacts on opposite sid varn f switching I Torque adjustable to suit

of rotor, contacts are held by legs formed on contact. e Stator divi Is.  Twenty-degree roller indexing, solid silver con-

rotor constructed in only the highest grades of laminated phenol; tacts, an rade L-5 steatite stator and rotor give 25,000 cycles or

clips are of silver-plated brass or silver alloy for better contact « f positive indexing without contact failure ® Lug-type ter-

e Offset inter-element construction in both rotating contacts and minals assure strong id

ba"k- ()—':‘u'k terminals provides ywer electrostatic capaci S . 101€e 1Sr Cilita nounting. * Ne or More sections a ver-

Choose from many types in this double wipe style switch One or mor satile Ple-section swite uilt to your \pLClﬁf&(l(inS * Ratings:
sections—a versatile multiple-section switch butlt to your specifications

7V, amperes at 115 volts, 60 cycles. Voltage breakdown to ground,
® Ratings: 7Y, amperes at 115 volts. Used up to 20 megacycle 3000 volts RMS 60 cycles

lectrical-r nical connections; single-

i

Ailain

st
el _\;.'ﬂ\\

Great step forward in switching is Centralab’s development of a revolutionary, new Slide Switch vastly facilitates AM
CRL's New Rotary, Coil, Spring and and FM set design' Flat, horizontal design saves valuable space, allows short leads
Cam Index Switch. It gives you convenient location to coils, reduced lead inductances for increased efficiency in low
smoother action, longer life and high frequencies. CRL Slide Switches are rugged and dependable o4




Electronic Industry

For by-pass or coupling applications, Hi-Vo-Kaps are filter and by-pass Ceramic Trimmers are made in five
check Centralab’s original line of ce- capacitors combining high voltage, basic types. Full capacity change with-
ramic disc Hi-Kaps. Disc Hi-Kaps are small size and variety of terminal con- in 180° rotation, Spring pressure
smaller than a dime nections to fit most TV needs maintains constant rotor balance.

CRL's new high quality Model 2 Let Centralab's complete Radiohm line take care of your special needs. Wide range
Radiohm Controls specifically designed of variations: Model “R” wire wound, 3 watts; or composition type, 1 watt.
for TV, radio, other electronic equip- Model "E” composition type, 14 watt. Direct contact, 6 resistance tapers. Model
ment, Lower noise level, longer ll,}:. “M” — composition type, 15 watt

Centralab’s Ampec, above, is an inte- Couplate consists of plate and grid This is the new CRL Vertical In-
gral assembly of tube sockets, capaci resistors, plate by-pass and coupling tegrator Network used in TV sets
tors, resistors and wiring combined capacitors. Minimum soldered connec Variations of this Centralab Network
into one miniature amplifier unit tions speed production are available on special order
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Choose From This List!

Centralab Printed Electronic Circuits

973 — AMPEC — three-tube P. E. C. amplifier

42-6 — CouPLATE — P_E. C. interstage coupling platei

999 — PENTODE COUPLATE — specialized P.E.C. coupling
plate.

42-9 — FILPEC — Printed Electronic Circuit flter,

Centralab Capacitors
42-3 — BC TuBuLAR Hi-KAPs — capacitors for use where
temperature compensation is unimportant
42-4 — BC Disc H1-KAPs —miniature ceramic BC capacitors
42-10 — H1-Vo-KaPs — high voltage capacitors for TV appli
cation
695 — CERAMIC TRiMMERS — CRL tri r catalog
981 — Hi1-Vo-Kaps — capacitors for TV application. For
jobbers
42-18 — TC CAPACITORS — temperature compensating capaci
tors
814 — CaraCiTORS — high-voltage capacitors.
975 — FT Hi-Kaps — feed-thru capacitors.

953

970 -

995
722

Centralab Switches
SLIDE SwiTCH — applies to AM and FM switching cir-
cuits
LEVER SwITCH — shows indexing combinations
ROTARY SwiTCH — schematic application diagrams
SwiTCH CATALOG — facts on CRL’s complete line of

Centralab Controls

42-7 — MODEL “1”" RADIOHM — world’s smallest commercially

697 — VARIABLE RESISTORS — full facts on CRL Variable

967
720

26

Resistors
Centralab Ceramics
CERAMIC CAPACITOR DIELECTRIC MATERIALS
CrrAMIC CATALOG CRL steatite, ceramic products.
General

GENERAL CATALOG — Combines Centralab's line of
products for jobber, ham, experimenter, serviceman or

stria

Look to CENTRALAB in 1949! First in component research that means lower costs for the electronic
industry. If you're planning new equipment, let Centralab’s sales and engineering service work with you., For
complete information on all CRL products, get in touch with your Centralab Represcntative. Or write direct.

CENTRALAB 103
Division of Globe-Union Inc.
900 East Keefe Avenue, Milwaukee, Wisconsin

Yes—1 would like to have the CRL bulletins, checked below, for my technical library!

0O 973 0 429 42.18 953 42-10 722 720
[ 426 42-3 695 ] 814 970 | 42.7 26
0 999 ] 42-4 [ 981 0 975 995 697 O 967
Name

Address

City - State

. <«————— for the Bulletins you want

TEAR OUT COUPON

Centrala

Division of GLOBE-UNJON INC. - Milwaukee



says KOCY-FM, Oklahoma City

“Yesterday’s 85-mile-an-hour wind speaks well of the
ruggedness of our new Truscon Tower”, continues a
letter from M. H. Bonebrake, general manager of this
important Mutual Network member, to Truscon’s
Oklahoma City District Manager. “Your design is serv-
ing our purpose excellently and also makes a beauti-
ful tower.”

Including the General Electric 8-bay circular FM
antenna and its beacon, this Truscon Guyed Radio Tower
rises 938 feet above the Oklahoma plain. Yet it stands

E
e

3 TRUSCON
M TOWER OF STRENGTH

v 938

HIGH
OVERALL

<>
o

oY strong, slender and sure in the face of high velocity
- winds, and delivers the KOCY-FM 176 kilowatt signal

on a frequency of 94.7 megacycles without interruption.

This sincere tribute is evidence of Truscon engineering
and construction skills in assuring AM, FM and TV
Tower dependability. Whether your operations call for
tall or small towers . . . guyed or self-supporting . . .
tapered or uniform cross-section . . . contact your nearby
Truscon District Office . . . or our home office in
Youngstown—for expert assistance without obligation,

TRUSCON STEEL COMPANY

YOUNGSTOWN 1, OHIO

A
-

i

Subsidiory of Republic Steel Corporation

o/

/////./
TRUSCON ;|\~

SELF-SUPPORTING
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Can you afford a switch
that isn’t dependable ?

R Then Specify MALLORY !

ENGINEERING DATA SHEETS l)esign engineers who specify Mallory RS switches know they are getting the best
Send for the Mallory Engineer- that substantial construction and precision manufacturing can produce. They
ing Data Sheets on the RS know that Mallory RS switches protect their good name because they provide
series. They contain complete maximum long-life and efficient dependable service.
specifications for available cir- X . ’ . :
cuit combinations with respec- Mallory RS switches are available with cam and ball type index assembly, or with
tive terminal locations, dimen- positive indexing hill-and-valley double roller type index assembly.
T;:L"‘:_Ing'i":fr;"f:ﬂls.eve“"""g These are llhe fea]lures' that make Mallory switches famous for dependability and
quality. All are advantages of extreme importance in television and high frequency
SPECIFICATION SHEETS applications where stability is essential.

Specification sheets for all RS

switches have also been pre- e Insulation of high-grade, low-loss laminated phenolic.

pared. These sheets are printed e Terminals and contacts of special Mallory spring alloy, heavily silver-plated to insure
on thin paper to permit long life at low contact resistance.

blueprinting. The sectional o Terminals held securely by exclusive Mallory two-point fastening—heavy staples
drawings indicate standard and prevent loosening or twisting.

optional dimensions—make it
easy for you 1o order pro-
duction samples built to your
requirenments

e Double wiping action on contacts with an inherent flexing festure—insures good
electrical contact with the rotor shoes throughout rotation.

o Six rotor supports on the stator—insure accurate alignment.
Brass rotor shoes, heavily silver-plated—insure low contact resistance.

There is a Mallory switch to fit your o All shoes held flat and securely to phenolic rotor by rivets—prevents stubbing—
design — write for further details. insures smooth rotation—minimum of noise in critical circuits.

Precision Electronic Parts— Switches, Controls, Resistors

SERVING INDUSTRY WITH

P.R. MALLORY & CO. Inc. Capacitors B agifians
Contacts Switches
L L o R Controls Vibrators
Power Supplies

Resistance Welding Materials

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA




n“M“NT presents

The Successor to the World-Famous Type 208...

I'The New TYPE 304 ang

|Cathode-ray
'OSCILLOGRAPHS

SSSSSSSS

Allen B. Du Mont Laboratories, Inc.

Instrument Division

| s



Imporiance of d-c wmplifier s
seen from comporlson of this
oscillogram with Figure 2, both of

which show oscillating neon bulb
Here signal is appliod to d-¢ am
litler. Nofe thot d-¢ volluge may
o moausvred direcily (base line

! reprosents zero volls

Here, the wove form, similar to
that of Figure 1, has been puassed
through the a-c amplifier. Nole
tilt due to time constont of coupl-

ing circuit, and shift of reference
axiy

Oscillogram showing the vollage
in the vicinity of o fluorescent
famp, displayed with no expan-
"W sion of trace

Compare this with Figure 4

i

W””m””m
" y

Portion of the troce indicated by
circie on Figure 3, expanded 1o 5
times full-screen diameter. Even ot
maximum expansion, no on-screen
distortion is present

Intensity modulation of trace s
accomplished by opplying modula-
tion signal to Z-axis input fter-
minal on front panel. Here o
10-cycle squore wave is modu-
lated by o 100-cycle signol

Stabilized synchronization of Type
304 is illustrated by this multiple
exposure of o sinewave ot 3 set-
tings of vertigcal goin. Note how
both sweep length ond synchroniz-
ation are unchonged ot various
settings of signal level

Indicotion of voriotion in volume
of liquid in o retort. Signal was
aopplied ,through d-¢  omplifier
channel of the Type 303, ond was
displayed’ on o 10-second sweep
obtoined by oftaching o 10§
copacitor to X-axis input terminals

A relatively high-speed tronsient
in the form of o damped oscilla-
tion. Note how portion of troce
is lost where the spot moves most
rapidly

A wove form identicul to that of
Figure 8, recorded on single sweeg
from o Type 304-H. The increused
accelerating potential of the Type
304-H hus rendered the entire pot-
tern visible

Allen B. Du Mont Laboratories, Inc.
1000 Main Avenue, Clifton, N. J.

The New TYPES 304 and 304-H Have All the
Features That Made the Type 208 the Most Popular
Oscillograph in the World . . . PLUS MANY MORE

... AT NO EXTRA COST!

HIGH-GAIN A-C & D-C AMPLIFIERS FOR BOTH X- & Y-AXES

Sensitivity:
Y-Axis 10 millivolis rms per inch (ac and dc)

X-Axis 50 millivolis rms per inch (ac and dc)
Frequency Response:

2 D C amp. X- and Y-axes 0-100.000 cps within *+ 10%

0-300.000 cps within * 50%
20-100,000 cps within *+ 10%
20-300.000 cps wilthin *+ 50%
No pattern “bop.” even with high-gain amplifier..

Excellent stability and minimum microphonics and drift.
Provision for applying signals directly to deflection plates.

A.C amp. X and Y-axes

EXPANSION OF DETAILS

1

Due to the fact thal deflection of over 5 times full screen diameter is
available on both the X and Y Axes, performance equivalent to that
of a 25inch cathode-ray tube is possible, with the high resolution of

< a 5-inch screen. Full positioning is avallable over this entire range on
Iy both axes, with no on-screen distortion present. (See Figures 3 and 4).

RECURRENT AND DRIVEN SWEEPS

Recurrent and driven sweeps variable from 2 to 30,000 cps.
Sweep speeds faster than 0.75 inch #sec. with fully expanded time base.
Provision Incorporaled for sweeps of 10 seconds and slower through the
=4 use of external capacilors at front-panel terminals. (See Figure 7).

Sync amplifier with sync-polarity selection is provided.

%

STABILIZED SYNCHRONIZATION

&

Sync limiting provided so that sweep length and synchronization are
maintained as signal level varies. (See Figure 6).

INTENSITY MODULATION

Z-Axis input terminal on the front panel capacitively coupled to the grid
of the cathode-ray tube. (See Figure 5).
15 volts peak will blank trace fully at normal intensity.

INCREASED ACCELERATING POTENTIAL

Du Mont Type S5CP.-A Cathode-ray Tube operated at an accelerating
potential of 1780 volts, 380 volts higher than that of the Type 208.
also available with an overall accelerating potential of
TYPE 304-H 3000 volts. This higher accelerating potential facilitates
the use of long.persistence screens so that fullest possible advantage
may be taken of the low-frequency sweeps, the fast driven sweeps,
and the d-c amplifiers. (See Figures 8 and 9).

ADDITIONAL FEATURES

-

LT An engraved, permanently mounted, calibrated scale greatly facilitates
o quaniitative measurements.
Ll Mu-Metal magnetic shield affords maximum protection of the.cathode-ray

- tube from the ellects of external magnetic fields.
2. Du Mont Type 2501 Bezel incorporated for attaching such accessories as
the Du Mont Type 271-A or 314.A Oscillograph-record Camera.

MECHANICAL CHARACTERISTICS

In gll dimensions, the Type 304 is smaller than the Type 208.
Hgnth 13'2 inches Depth 19 inches
Width 8%s inches Weight 50 pounds

The 'mshtument is housed in a metal cabinet with gray wrinkle finish.
Panel is reverse-etched, white on gray.

TRIED AND PROVED

The NEW Pu Mont Type 304 Cathode-ray Oscillograph has undergone
a most rigid tield test, both in Du Mont Laboratories and in selected
lab9ralorles and institutions throughout the country. Here in a great
variety of applications, every feature of the Type 304 was given a
:::'rouqh :vo'rkoul:. Thus, Du Mont presents the Type 304, not as a new

rument of unknow i i
PROVED EXCELLENCE!quamY' but as an oscillograph of TRIED AND
PRICES
Type 304 $285.00
Type 304.-H $307.50
For additional information concerning the Du Mont Types 304 and 304-H
i request Bulletin 0-304 from the Instrument Division,




kiln capacity

safeguards AlSiMag quality and

helps keep deliveries on schedule

Side view of one of AlSiMog’s tunnel kilns. All kilns, both cir-
culor ond tunne!, ore hondled from one centrolized control ponel.

o Completely automatic controls hold firing tem-
peratures within -+ 2° C. in AlSiMag’s kilns. As an
extia safeguard, highly trained and skilled kiln
operators are on duty every minute of the day

and night. Recording instruments plus operator’s
hourly checks and records assure that all AlSiMag

material is accurately fired.

AMERICAN LAVA CORPORATION

4 871 H Y E AR o) 7 CUEL RS A yMigIN C DSEANND) s ReSSE UM, o SR

—
CHATTANOOGA 5, TENNESSEE
?F“CES: METROPOLITAN AREA, 671 Brood St., Nework, N I, Mitchell 2-8159 o CHICAGO, 9 South Clinton St., Central 6-1721
N!;IlADElPHIA 1649 North Broad St., Stevenson 4:2823 -~ LOS AMNGELES, 232 South Hili St., Mutual 9076
W ENGLAND, 38.8 Brattle St., Cambridge, Moss., Kitklond 7.4498 = ST. LOUIS, 1123 Washington Ave., Garfield 4959




NEWS and NEW P

OCTOBER, 1949

RODUCTS&

New Audio Oscillator

The new Model 50 audio oscillator, in-
tended for use as a secondary standard
for low frequency application, has been de-
signed and developed by C. G. S. Labora-
tories, Inc.. 36 ludlow St. Stamford,
Conn

This oscillator operates in the range
from 2,500 to 25,000 cps, accuracy +0.1
per cent. Tube change and +10 per cent
line voltage change affect the frequency
less than +0.03 per cent. Temperature co-
efficient is of the order of 0.002 per cent per
degree centigrade,

Detailed information 1s available trom
H. Langstroth at C. G. S.

Polinear Recorder

I'he model PFR Polinear Recorder
which offers the combined abhility of polar
and rectilinear movement permitting the
recording of angular patterns. frequency
response characteristics. and other meas-
urements, has been developed bv Sound
Apparatus Co. Stirling, N. |

r

l'his instrument can record either ac or
dc voltages. The turntable, 8} inchesX11
inches, is driven linearly by a synchronous
motor and is rotated by a selsyn repeater.
Special combination charts. polar and
semilog, are available: however, standard
charts may be used.

18a

These monufacturers have invited PRO-
CEEDINGS readers to write for literature
and further technical information. Please
mention your |.R.E. offiliation.

New Sweep Generator

An entirely electronic sweep generator,
Type ST-1A, using a variable-permeability
type sweep and having no moving com-
ponents, has been developed by the
Specialty Div., General Electric Co., Flec-
tronics Park. Svracuse, N %

I'requency 1= continuously varable
from 4 to 110 Mc and from 170 1o 220 M¢
with a linear sweep width of from 500 ke to
greater than 15 Mc. High output voltage is
available over the entire range.

Attenuation is continuously variable
trom maximum output down to 20 micro
volis. l.eakage is low, it is claimed, with
stray fields of less than 10 microvolts, in
duced in a 2-inch loop 6 inches from the
case in any direction

Further information on this sweep gen
erator is available from the Specialtv Divi
s10N

Rhombic Antenna Terminat-
ing Resistor

A new rhombic antenna terminating
resistor #9079 which is two noninductive
Ayrion-Perry wound 362 5 ohm resistors
enclosed m glazed ceramic shell and
vacuum sealed, is available 10 the industr
from Shallcross Mfg. Co., 520 Pusev Ave.
Collingdale. 1”a

- TS

l.cads are brought out to terminal eves
which are designed for 7-strand 16
antenna wire, These resistors are rated at
25 watts dissipation and are designed 1o
operate between —20°F 10 +120°]

Over-all length 6:!”. diameter 23",

PROCEEDINGS OF 111 1.R.E

Nuclear Radiation Counter

A beta-gamma counting rate meter,
with the counter located in the probe, has
been developed by the Instrument Div.,
Kelly-Koett Mfg. Co.. 12 1. Sixth St
Covington. K

Described as Keleket Model IK-800.
this meter is housed in a cast magnesium
aluminum case, and is waterproof. The
probe has a movable shield 1o differentiatc
between beta and gamma radiation. This
has been accomplished without conven
tional interdispersed foils. Fhe shield i~
stainless steel, 2 millimeters thick, and will
exclude all but very high beta rays, the
manufacturer claims.

Three ranges of gamma activity man
be measured, 0.2, 2.0, and 20.0 mr/HR
The scale is also calibrated in 360, 3.600
and 36.000 counts per minute.

Small Disk Ceramic
Capacitors

New thin disk ceramic capacitors are
the latest addition 1o the line of fixed
capacitors  manutactured by Sprague
Electric Co., North Adams. Mass

I'he manutacturer asserts that thesc
capacitors consists of a dime-~ized ceramic
plate of high dielectric constant with
silvered electrodes fired on both faces of
the disk. The leads are soldered to the
silvering and the capacitors are coated
with resin

Fhese components are available
ratings up 10 0.01 or 2 X 0.004.f, 500 volis
dc working,

l.ngineering
complete data

(Continued on page 39A4)
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Some of the outstanding advantages of the...

NEW LAVOIE LA-239A OSCILLOSCOPE

0 Takes the guesswork out of pulse techniques.

e Accurately measures amplitude, width, separation, repetition rate and rise
time without the need of additional equipment.

9 Accurate timing markers provide means of calibrating the linear time base.

Internal trigger generator permits pulse generator and oscilloscope to be
triggered simultaneously, while sweep delay circuit allows a small portion
of image to be expanded TEN TIMES normal size.

INCREASED PRODUCTION NOW PERMITS A REDUCTION OVER FORMER LIST PRICE
WITH SPECIAL REDUCTIONS TO TECHNICAL SCHOOLS AND NON-PROFIT ORGANIZATIONS

@ SawoieSaboralorica

RADIO ENGINEERS AND MANUFACTURERS
MORGANVILLE, N. J.

Bl Specialists in the Development and Manufacture of UHF Equipment

THI 1 194

Write for Technical Bulletin LA-239A

giving complete detailed information.




Now you can work with o
”7\ S fally vaiaoe
L for e 1SE Linge

ARNOLD can supply REMALLOY
in the form of BARS and CASTINGS
or SINTERED TO SPECIAL SHAPES

REMALLOY generally may be used
instead of 36-41% Cobalt Permanent
Magnet Steel—replacing it without
design changes, and at a cost saving.

In addition to our customary production of all types of ALNICO and
other permanent magnet materials, we now produce REMALLOY.
The various forms in which it is available -bars, castings or sintered
shapes—are all produced under the Arnold methods of 100% quality.
control; and can be supplied 1o you either in rough or semi-finished
condition, or as completely finished units ready for assembly. ® Let
us help you secure the cost-saving advantages of REMALLOY in your

of the designs. Call or write for further data, or for engineering assistance.
The first issu¢ ntains
» cO
eer . . ~ B Py . N %
“Magnel chnical infor THE ARNOLD ENGINEERING (J0MPANY
ete =
comP‘ o on Re malloy SUBSIDIARY OF ALLEGHENY LUDLUM STEEL CORPORATION
mati Oj you? copy: 147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS LSt
.ite for
write

AI‘N ‘)l I’ SPECIALISTS AND LEADERS IN THE DESIGN, ENGINEERING AND MANUFACTURE OF

20A



ENERAL ELECTRIC COMPANY pioneered the broad-
band gas switching tube for microwave appli-
cations. From G-E research laboratories and draw-
ing-boards came the original plans for these r-f
“traffic sentinels” whose instant and automatic oper-
ation makes possible modern radar for military
purposcs—for electronic navigation in fog and dark-
ness—for airway scanning, airport traffic control,
and cloud and weather study.
Now G.E. offers to equipment designers and users
a group of highly developed TR, ATR, and PRE-TR
types which reflect intensive effort to achieve still

more efficient tube-switching in microwave work.

Key ratings are given below. Complete character-
istics and performance data gladly will be supplied
at vour request, covering any or all of the tubes
listed. Announcement of still other types later, may
be expected in view of General Electric’s continuing
program in the field.

For information, prices, and the help of specialist
tube engineers who gladly will cooperate in choos-
ing the right tubes for your microwave circuits, wire
or write General Electric Company, Electronics De-
partment, Schenectady 5, New York.

RATINGS

Max peak power

Leakage power Recovery time, max

Group Type No. Freq. range
TR GL-1B63-A 8490-9578 mc
ATR GL-1B35 9000-9600 mc
GL-1B37 8500-9000 mc
GL-1B44 2680-2830 mc
GL-1B56 2783-2922 mc
PRE-TR GL.1B38 2700-2910 mc

GENERAL

FIRST AND GREATEST NAME

PROCEEDINGS OF THE I.RE.

October, 1949

250 kw 30 mw max 4 mu sec
at—3 db

Min firing power Loaded Q, typical

250 kw 5 kw 4
250 kw 5 kw 4
1000 kw 20 kw 4
1000 kw 20 kw 4
Leakage energy

1000 kw 100 kw .0002 joules

ELECTRONICS

21A
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REVERE FREE-CUTTING COPPER ROD

... INCREASES ELECTRONIC PRODUCTION

SINCE its introduction, Revere Free-Cutting
Copper has decisively proved its great
value for the precision manufacture of
copper parts. Uses include certain tube
elements requiring both great dimensional
precision, and exceptional finish. It is also
being used for switch gear, high-capacity
plug connectors and in similar applications
requiring copper to be machined with great
accuracy and smoothness. This copper may
also be cold-upset to a considerable defor-
mation, and may be hot forged.

Revere Free-Cuuing Copper is oxygen-
free, high conductivity, and contains a smal]
amount of tellurium, which, plus special
processing in the Revere mills, greatly in-
creases machining speeds, makes possible
closer tolerances and much smoother finish.

==

»_%
‘f*‘),ix.

Thus production is increased, costs are cut,
rejects lessened. The material’s one impor-
tant limitation is that it does not make a
vacuum-tight seal with glass. In all other
electronic applications this special-quality
material offers great advantages. Write
Revere for derails.

REVERE

COPPER AND BRASS INCORPORATED

Founded by Panl Revere in 1801

Executive Offices: 230 Park Avenue
New York 17, New York
Mills: Baltimore, Md.; Chicago, 1il.; Detrost, Mich.; Los
Angeles and Riverside, Calif.;, New Bedford, Mass.;

Rome, N. Y.— Sales Offices in Principal Citses,
Distributors Lveryubere.

- a

Az

CUSTOMERS REPORT:

“This material seems 10 machin
e much better than our pre-
vious lt‘urddcopper bar; it cuts off smoothly. takes a yerey
m'c.c; threa .dar;d does not clog the die.” (Eiectrical parts.)
ncreased feed from 1-1/2" 0 6" i
ﬁvesat one time instead of (wo (Swt(cgc[:a?:;?)mc S
“Spindle speed increased from 924
d, ¥ to 1161 RPM and
‘f'e.cdlfrgm 0065" 10 .0105" per spindle revolution. This
:srl: ;e in a decrease in the time required to produce the
gr rlsl;g;n’ﬁ(:ggljnteno;:’r;ct‘?s.(l)’036 ho:n;s, Material was capable
C r )\ ut machine was turnin J
inu maximum. Chips cleared tools freely. o 'eralofcﬁ:iel;r;:
ave to remove by hand.” (Disconnect sxmfs‘)




CM 15

Actual Size 9/32” x 1/2” x 3/16".
For Television, Radio and other
Electronic Applications.

2 - 420 mmf. cap. at 500v DCw.
2-525 mmf. cap. at 300v DCw.
Temp. Co-cfficient +50 parts per
million per degree C for most
capacity values.

6-dot color coded.

E Write on your
firm letterhead for
= E nc U Catalog and Samples
MOLDED MICA l ][l MICA TRIMMER

El-Menco Capacitors, mighty midgets of clectronics, are so
tiny you can hold a dozen of them in the hollow of your hand.
Yet, their capacity, strength, long life and dependable per-
formance under the most critical conditions are recognized
throughout the industry.

The next time you need capacitors,
call for El-Menco. Order the capacitors
that are small in size but mighty in
performance.

THE ELECTRC MOTIVE MFG. CO., Inc.

WILLIMANTIC CONNECTICUT

@

CAPACITORS

FOREIGN RADID AND ELECTRONIC MANUFACTURERS COMMUNICATE DIRECT WITH DUR EXPORT OEPT. AT WILLIMANTIC, CONN. FOR INFORMATION.
ARCO ELECTRONICS, INC. 135 Liberty St, New York, N. Y.—Sole Agent for Jobbers and Distributors in U.S. and Canoda

PROCLELEDINGS OF THE |.R.E, October, 1949
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FIXED RESISTORS

Bradleyunits will carry 100%
load for 1,000 hours ... at
70C ambient temperatfure
with a resistance change of
less than 5%. In standard
R.M.A. values from 10 ohms
to 22 megohms, except
l-watt unit available from
2.7 ohms to 22 megohms.

ADJUSTABLE RESISTORS

Type J Bradleyometers are rated at 2 watts
with a big safety factor. The solid-molded
resistor unit is not affected by heat, cold,
moisture, or wear. Can be furnished with
line switch. Available in single, dual, and
triple-unit designs.

For circuits that require resistors
of unsurpassed quality

... Specify Allen-Bradley

BRAD[EYUNITS are available in %, 1, and TYPE j BRAD[EYOMETERS have solid-

2-wattratings.They have high mechanical strength  molded resistor elements, They are thick rings,"

and permanent electrical characteristics. molded to provide any resistance-rotation curve.

The leads are differentially tempered to pre- After molding, heat, cold, moisture, and hard use
vent sharp bends near the resistor. The leads are do not affect the resistor.

easily formed to fit any spot. The resistor is molded as a single unit with

All Bradleyunits are packed in convenient insulation, terminals, face plate, and treaded bush-
honeycomb cartons that keep the leads straight, ing in ONE piece. There are no rivets, nor welded
Send for Allen-Bradley resistor chart, or soldered connections.

apb
ALLEN-BRADLEY

FIXED & ADJUSTABLE RADI6 RESISTORS

70 u a ll 'l v \ of rodio ond electronic equipment

24a PROCEEDINGS OF [IHE I.RE



-~

b Fon a direct-viewing 203 square-inch picture
b ‘on superlative brilliance and definition
" b Fon shorter tube length requiring smaller cabinet

b FOR exclusive bent-gun construction = sharper focus
= no ion-spots

Literature and quotations on request. *Trade-mark.

FIRST WITH THE FINEST IN T. V TUBES

ﬁ 7 7

@ Allen B. Du Mont Laboratories, Inc.

ALLEN B. DU MONT LABORATORIES. INC. e TUBE DIVISION PASSAIC, NEW JERSEY
PROCLEEDINGS OF THE ILRE October, 1949 254
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PIO\’FFR in the commercial
development of crystal diodes
Sylvania Electric is today continning
its scientific research to advance the
understanding and applications of

senii-conductors.

Ap example of this research is
taking place in the Sylvania physics
laboratory at Bayside, N. Y. In the
photo, a laboratory worker adjusts
contacts on an experimental
germanium tetrode for use as a
mixer at input frequencies far
beyond 5 me. A typical mixer
with an IF of 600 ke can show
a conversion voltage gain of 10 or
corresponding to a power gain

of 41 db. at a frequency
of 150 me.

These are only experimental
results. vet they promise that
further investigation will he
very much worthwhile. Such
research is typical of the work

Sylvania is doing and will
continue to do, to produce
new and better products.

SYLV,
ELE

IA
RIC

EXPERIMENTAL CRYSTAL TETRODE
MIXER provides good

conversion gain plus high
conversion transconductance

ELECTRONIC DEVICES; RADIO TUBES; CATHODE RAY TUBES; FLUORESCENT LAMPS, FIXTURES, WIRING DEVICES, SIGN TUBING: LIGHT BULBS; PHOTOLAMPS
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HIGH-CURRENT
TAP SWITCHES
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Listen ]‘Br the words Transcribed by AMPEX aﬁef The great shows in radio

Designed by engineers
who had your engincering
needs m mind!

Portable model

* Original program quality preserved
Use of independent reproduction facilities allows instantaneous
monitoring and makes possible the most stringent comparisons
between recordings and originals.

* Tape and playback noise non-existant
Use of special record and bias circuits has eliminated tape noise.*
Extreme care has heen exercised to eliminate hum pick-up.

» Editing madec easy
With Ampex editing is almost instantancous. Single letters have
been actually eut off the end of words. Scissors and seotch tape
are all the tools needed.

» You can depend on Ampex
Read what Frank Marx, Vice President in charge of Engineering,
American Broadcasting Company, says: “For the past two years
A.B.C. has successfully used magnetic tape for rebroadcast pur-
poses ... A.B3.C. recorded on AMPEX in Chicago .. .17 hours per
day. For 2618 hours of playback time, the air time lost was less
than 3 minutes: a truly remarkable record.”

Console Model 300* $1,573.75
Portable Model 300 $1,594.41
Rack Mounted $1,491.75

* Meter panel extra

F. 0. B. Factory, San Carlos, Calif.

SPECIFICATIONS

FREQUENCY RESPONSE:

At 157+ 2 db. 50—15,000 cycles
A17.5"% 2 db. 50— 7,500 cycles

*SIGNAL-TO-NOISE RATIO: The

overall unweighted system noise
is 70 db. below tape saturation,
and over 60 db. below 3% total
harmonic distortion at 400 cycles.

STARTING TIME: Instantaneous.
(When starting in the Normal
Play mode of operation, the tape
is up to full speed in less than
.1 second.)

FLUTTER AND WOW: At 15
inches per second, well under
0.1% r.m.s., measvring all flutter
components from 0 to 300 cycles,
using a tone of 3000 cycles. At
7.5 inches, under .2%.

Manufactured by Ampex Electric Corporation, San Carlos, Calif.

DISTRIBUTED BY

BING CROSBY ENTERPRISES  AUDIO & VIDEO  GRAYBAR ELECTRIC CO. INC.

PRODUCTS CORPORATION

1650 Broadway, New York, New York

9028 Sunset Blvd., Hollywood 46, Calif.

420 Lexington Ave., New York 17, N. Y,
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Here are some of the many reasons
why there are more Simpson 260 high
sensitivity volt-obm-milliammeters
in use today than all others combined. T be
Simpson 260 has earned world-wide
acceptance because it was the first tester

of its kind with all these “Firsts":

0o

200 sET TESTER

WORLD FAMOUS FOR ALL THESE "FARS 778"

First high sensitivity instrument to use a metal armarure frame.

First to use fully enclosed dust proof rotary switch with all contacts
molded in place accurately and firmly.

First to do away with harness wiring,
First to provide separate molded recesses for resistors, batteries, etc.

First to cover all resistors to prevent shorts and accidental damage
and to prorect against dust and dirt.

First with a sturdy movement adapted to the rugged requirements
of a wide range of service work or laboratory testing.

First to provide easy means of replacing batteries.
First to use all bakelite case and panels in volt-ohm-milliammeters.

First volt-ohm-milliammeter at 20,000 ohms per volt with large i15"
meter supplied in compact case (size 5V/,"x 7" x 314").

First and only one available with Simpson patented Roll Top Case.

First to provide convenient compartment for test leads (Roll Top
case).

First to offer choice of colors.

The Model 260 also is available in the famous patented Roll Top safety case with
built-in lead compartment. This sturdy, molded, bakelite case with Roll Top provides
Maximum protection for your 260 when used for servicing in the field or shop.

25,000 volt DC Probe for television servicing, complete, for use with 260, $12.85
SIMPSON ELECTRIC COMPANY * 5200.18 \W. Kinzie St., Chicago 44, il

RANGES
20,000 Ohms per Yolt DC, 1,000
Ohms per Yolt AC
VOLTS: AC & DC-2.5, 10, 50, 250,
1,000, 5,000
OUTPUT: 2.5, 10, 50, 250, 1000
MILLIAMPERES, DC: 10, 100, 500
MICROAMPERES, DC: 100
AMPERES, DC: 10
DECIBELS: (5 ronges)—12to -+ 55 DB
OHMS: 0-2,000 (12 ohms center),
0-200,000 (1200 ohms center), 0-20
megohms (120,000 ohms center),

Prices: 838,95 dealcrs net; Roll
Top $45.95 dealers et

+ ® In Canada: Bach-Simpson, Ltd., London, Ont.

riri. 1.R.I



Need a low-power AM transmitter?

Investigate these advantages of
Western Electric 250 watt and 1 KW transmitters

High quality

Western Electrie transmitters—designed by Bell Telephone
Laboratories—are famous for their conservative design, excellent
frequency response, and low distortion and noise level.

Low cost

These 250 watt and 1KW transmitters are low in operating and
maintenance cost as well as in initial cost. Power requirements
are moderate. Tubes give long, dependable service. Accessibility
of components simplifies maintenance.

Small size

Modern styling
is still onother
advantage of the
250 wott ond 1
KW tronsmitters.

Western ElecIric

The compactness of these attractive Western FElectric trans-
mitters permits substantial savings in floor spuce—uml henee in
building costs. In many cases, transmitter can be located in
studio building — eliminating need for separate structure to

house tranamitier.

High efficiency
amplifier circuit
is one of the
important factors
contributing to
compactness of
the 1IKW unit ot
feft, which mea-
sures only 44"
wide,
deep,by85" high.

I}PLFORE you buy a transmitter, be sure to get
lhcfull story on these low-cost, high-quality,
compact Western Electric units which are
available for immediate delivery from stock.
For complete information, call your Graybar
Broadecast Representative — or write Graybar
Electric Company, 420 Lexington Avenue, New
York 17, N. Y.

— QUALITY COUNTS -

DISTRIBUTORS; IN THE U.8. A, —
Grayhar Elecisic Co. IN CANADA
= Northoro Electrio Co, Ltd.
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The new RCA List of Preferred Receiving Tube Types fulfills the
magor engineering requivements for future receiver designs.

Most likely to succeed...
RCA preferred tube types for AM, FM, and TV recejver designs

HETHER ITS GLASS. metal or miniature—

RCA preferred receiving tube types will serve
your major requirements for a long time to come . .
and RCA preferred types are the tubes you can bank
on for your future designs

to improved quality and greater uniformity. These
benefits are shared by you and your customers.

RCA Application Engineers are ready to suggest the
best preferred tube types for your receiver design
requirements. Just contact our nearest regional office
—or write RCA, Commercial Engineering, Secuon
47)K, Harrison, New Jersey.

Thesc RCA receiving tube types are especially
recommended because their widespread application
permits production to be concentrated on fewer

types. Longer manufacturing runs reduce costs—Ilead The Fountainhead of Modern Tube Development is RCA

RADIO CORPORATION of AMERICA

ELECTRON TUBES

HARRISON. N. J.
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Donald G. Fink.

DIRECTOR-AT-1.ARG K, 1949-1951

Donald Glen Fink was born on November 8, 1911, in
Englewood, New Jersey. He was graduated in 1933 from
Massachusetts Institute of Technology with the B.Se.
degree in clectrical communications. After a year as a
rescarch assistant on the staff of the departments of
geology and electrical engineering at MIT, Mr. Fink
joined the staff of the journal Electronics, as cditorial
assistant. In 1937 he became managing editor; in 1945,
executive editor; and in 1946, editor-in-chicf. In 1943
he was awarded the degree of M.Sc. in cleetrical en-
gineering by Columbia University.

Obtaining a leave of absence from his editorial duties
in 1941, Mr. Fink became a member of the staff of the
radiation laboratory at MIT where, in 1943, he headed
the loran division. He then transferred to the Office
of the Secretary of War as an expert consultant on radio
navigation and radar. During his war service Mr. Fink
travelled over 80,000 miles from Cairo, Egypt, to Dar-

win, Australia, siting loran stations and'arr:mging for
the use of the loran svstem by the allied forces. In 1946
he participated in the atom bomb tests at Bikini, as
a civilian consultant on the staff of Admiral Blandy.

Mr. Fink is the author of numerous books, includingC
“Engineering  Electronics,” “Principles of Television §
Engineering,” “Television Standards and Practice,”
“Microwave Radar,” and “Radar Engineering.” As
editor of Proceedings of the National Television System
Committee, member of the Television Panel of the
Radio Technical Planning  Board, and currently as
chairmau of the Joint Technical Advisory Committee,
he is active in standardization work, particularly in the
held of television. In 1948 he was chairman of the IRE
Television System Committee. 1le is a member of the
Committee on Navigation of the Rescarch and Develop- 4,
ment Board. NMr. Fink is a Fellow of the Institute and a
member of Tau Beta P, Sigma Xi and Eta Kappa Nu.
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The technical and industrial potentials of a modern country are vital |
factors in its military strength. Accordingly, increasingly extensive and close
co-ordination between engineers and the Armed Forces is a timely matter, and

| one of major importance. It is ably discussed in the following guest editorial
by a radio development engineer of the Bell Telephone Laboratories, who is a
Senior Member of The Institute of Radio Engineers.—The Editor.

The Radio Enginecer and the Armed Se—rvices

W. C. TINUS

A great deal has been written during the past few years about the rapid growth of the radio
and electronic engineering profession from adolescence to mature professional standing. This
growth is particularly evident in the changed relation between radio engincers and the armed
services. Radio engineers in industrial firms merit, and receive, a great deal more confidence
than they did before the war from those in the services who are responsible for the develop-
rent of new military electronic devices.

Not many years ago the first contact a typical industrial radio engineer had with a military
clectronic problem was a detailed equipment specification telling what was wanted and what
the equipment was expected to do in its individual tests. The last contact the engineer had
with the problem was when the equipment was designed, built, and made to pass its tests. What
the military problem was and whether the specified equipment best solved it was the concern
of others.

The situation today is very different. The military problems for which electronics may provide
a solution are more complex. The engineer is on the job at a much carlier stage. His vision is
broader and his opinion more respected. He frequently has the opportunity not only to become
thoroughly acquainted with the basic military problem but also to help the military people
define it. Many equipment design contracts are now preceded by study contracts in which the
problem is defined and a solution is proposed. The solution may employ any of the multitude
of things in electronics’ bags of tricks.

These changes are all to the good. They are good for the military in getting more technical
people studying their problems, and eventually in getting better solutions to them. They are
good for radio engincers in enlarging their horizons of thought and their opportunities to apply
their specialized knowledge. They are good for all of us in getting more value received for
our money spent on national defense.
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M ecasurements

W. L. BLACK?, SENIOR MEMBER, IRE, AND H. H. SCOTTY, SENIOR MEMBER, IRE

Summary—This paper indicates the theory involved in making
measurements of gain, frequency response, distortion, and noise at
audio frequencies, with particular emphasis on such measurements
made on high-gain systems. There are also discussed techniques of
measurement and factors affecting the accuracy of results. This sub-
ject is not new art but has not previously been published in corre-
lated form, to the knowledge of the authors.

INTRODUCTION

URING the last several years the Radio Manu-
}D facturers Association has given considerable at-

tention to codifying minimum standards of
performance for the major components of radio broad-
casting systems. The engineering aspects of this subject
have been considered by committees in the Transmitter
Section of the Lngincering Department of the Associa-
tion.

Definitions and minimum standards for the audio
facilities of a radio broadcasting system considered pri-
marily as a complete clectrical system have beenissued as
an RMA standard.! (Subscripts refer to numbered Bibli-
ographyon pages1114-1115.) As defined in this standard,
audio facilities comprise “all audio facilities from the
input terminals of the microphone preamplifier to the
input terminals of the main transmitter, excluding the
studio-transmitter link which may be either wire line
or radio. No pre-emphasis is included in the audio facil-
ities.”

Subsequently the RM A undertook to outline methods
of measurement of audio facilities to insure comparable
results from measurements, made at different times and
on different apparatus, consistent with practical in-
strumentation. It is the purpose of this paper to sum-
marize the technical background which is the basis
for the RMA standardization activity and to outline
possible pitfalls in making mcasurements on complex,
high-gain audio systems. Emphasis is placed on system
measurements, as ordinarily a complex, high-gain sys-
tem presents more of a measurement problem than do
system components.

As a practical matter, the important characteristics
of audio systems for radio broadcasting which have heen
agreed upon for RMA standardization are: gain, fre-
quency response (relative gain over a frequency range),
single frequency harmonic distortion, and noise (in the
sense of noise being extrancous sound or corresponding
electrical energy tending to interfere with the proper
and casy perception of desired sounds or their equiva
lent electrical waves).

* Decimal classification: RO20XR200. Original manuscript re-
ceived by the Institute, April 11, 1949; revised manuscript received,
{\}ﬂy 28, 1949. Presented, RMA-IRE Spring Meeting, Svracuse,

. Y., April 26, 1948.

t Bell Telephone Laboratories, Murray Hill, N. J.
$ Hermon Hosmer Scott, Inc., Cambridge, Mass.

GAIN

Gain for the determination of performance character-
istics is measured between resistances equal to the rated
source and load impedances. For the purpose of measur-
ing such gain (or loss) the concept of the ideal trans-
former*5:913 for impedance translation for optimum
power transfer in the reference condition is uscful, This
is shown in Fig. 1. Then the gain is the ratio of the
power in the load with the equipment under test in the
circuit to the power delivered to the same load without
the cquipment under test, but including an ideal trans-
former. It is obvious that any further discussion of gain
will refer with equal validity to frequency response, as
the latter is relative gain over the specified frequency
range.

Measurements using resistance terminations for the -

measurcment of the component parts of a system may
not agree in total with the results of over-all measure-
ment of the system between resistances. Ordinarily the
disagreement is, however, of relatively small magnitude

(a) (8}
AA——— IDEA - VA — -_—
Ry TRANS 1 Re EQUIPMENT o
(." 1, v ronusnc > . UNDER € Sa,
MATCHING | : TEST 4
- g AND 8, 2 T ] ' ‘g
€ "
Fig. 1—Gain
E,
Is = .
Rs+ R,

Rs is the resistance equal to the rated source impedance of the
equipment under test.

KL is the resistance equal to the rated load impedance of the
equipment under test.

But R, =R, (by definition), so

) I
|
2
and
V2 2
po= o B
K, 1R
By definition
Pyp=1r

where Ifu.is the power available in the load when the ideal trans
former is in the circuit,

0
1’,_. _ IZ]
1K
Where Pz is the power in the load with the equipment under test
nserted
X
. P, = &t
R
o Pr. 1E K s
Gain (db) = 10 logye — = 10 logye > dl
10 P E10 FiRL db
2FE, /R E: /Rs
= 2010 ~~V»—~dl = 64+ 20 log ’1/—5 '
g1o E, L ) + 20 logie F L db

J
*

Cat d . X . |
If the gain is negative then the equipment under test introduces

a loss.

-
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when the interrelations of the impedances of the com-
ponents have been considered in conjunction with the
system design. For large variations from rated imped-
ances, distortion of gain-versus-frequency characteris-
tics may be sufficient to require consideration of the
coupling factors? involved and may indicate corrective
equalization.

PracTtical TEsT CIRCUIT

For practical tests, Fig. 2 presents an essentially com-
plete diagram showing all circuit elements which would

R . /
-y — st L. foo— o,
Ay

I g P s il e
| "7 |eavisrateo)| | 7 Facnity CALIBRATED v
osc

‘ &
| Ay
sosusTasLe| (Wl | owoen four| /gy [sosusTaeLE| Smy | J“Z

| ATTENUATOR

M1 |ATTENUATOR| x 8l TEST =

f_f—", IR o W | 2 .___}_{ 5 j _ll
[

a [

DISTORTION
MEASURING
EQUIPMENT |

-

NOISE
MEASURING |
EQUIPMENT

Fig. 2—Typical measuring system for audio facilities;
(B and (C) are impedance matching networks at the input and
the output, respectively.
Rg and R. are resistances equal to the rated source and load
impedances respectively, or facility under test.
X—for gain and response measurements.
Connections{ ¥—for distortion measurements (single frequency).
Z —for noise measurements.

Gain for facility under test

4 2
— A(db) + B(db) + C(db) + D(db) + 10 logio S eMD"Ka,
(Esn)*Rp
ordinarily be required for audio-frequency measure-
ments. In many cases, several of the units may be com-
bined in one physical instrument. Separate considera-
tion of each of the various elements follows.

OSCILLATOR

The source of power for gain testing is ordinarily an
audio-frequency oscillator. This oscillator should cover
the range of frequencies involved in the tests. Ordinar-
ily absolute frequency accuracy and stability with time
are not practical limitations, ¢xcept in the measurement
of frequency selective devices such as filters, and in the
use of some types of distortion measuring instruments
containing sharply tuned rejection circuits. lHowever,
freedom from drift of output voltage with time and with
variation in oscillator power supply voltage are of prac-
tical convenience. Except when distortion measure-
ments are made, distortion and noise components or-
dinarily contributed by present-day oscillators are not
limiting unless the equipment under test includes fil-
ters having sharp cutoff characteristics.

Some oscillators may be critical as to load impedance.

~ Load impedance correction is ordinarily accomplished
by a shunt or a scrics resistance, depending upon
whether the optimum load for the oscillator is lower or
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higher respectively than that offered by the measuring
circuit. It will also often be necessary to include a trans-
former having an electrostatic shield between wind-
ings between the oscillator output and the input of the
testing circuit to control ground connections and para-
sitic coupling between the oscillator and the remainder
of the testing system.

In any event, once the circuit at the output of the
oscillator has been determined, the oscillator output
circuit does not affect the measurements of gain or of
response as a constant output voltage is maintained and
the oscillator is then the equivalent of a zero internal
impedance generator.

TERMINATIONS

The desired objective of comparable results indicates
the use of pure resistances for terminations. Such ter-
minations include that for the output of the equipment
under test, as well as any used for input termination in-
cluding that used for equivalent generator internal im-
pedance. The impedance of the resistors used for such
terminations may therefore warrant consideration.
Other factors in this connection include the absolute
value of output terminating resistors and the stability
of such resistors with temperature, particularly when
the output distortion of a power amplifier is being
measured.

METERS

The input voltmeter may be of the vacuum tube,
rectifier, or thermocouple type, or may be a standard
volume indicator. This meter may be rms, average, or
peak reading, except as noted in specific instances later.
The stability of this meter must be such that its read-
ings are not influenced by extraneous factors, such as
power supply to a vacuum tube.

If a rectifier meter is used, its possible introduction
of extraneous modulation products, particularly when
making distortion measurements, as well as its possible
variation in impedance with change in input are limit-
ing factors. The loss introduced in the transmission cir-
cuit by the ordinary meters of this type (of which the
“standard volume indicator”® is a special form) must
be taken into account, particularly if the meter is al-
ternately connected and disconnected during a test.

A thermocouple meter may be used, provided it is
appropriately connected to the circuit so that its in-
ternal resistance is taken into account. Suitably cali-
brated thermocouple meters have good scale spread,
practical frecedom from frequency discrimination at
audio frequencies, freedom from modulation, and ade-
quate accuracy. The disadvantages are relatively slow
speed of operation and danger of damage due to ex-
cessive current.

In this general connection, the indication of a recti-
fier type meter, typified by one using a copper oxidc
rectifier, approximates the average value of a sine wave
while a thermocouple meter indicates the effective or



1110

rms value. However, if the former is calibrated in terms
of rms values no practical difhculty will be experienced
on this score in making gain (and frequency response)
measurements, cven though one type is used at the in-
put and the other type at the output, provided that the
testing frequency has a sine wave form within the
limits already mentioned. In the determination of har-
monic distortion, wave-form errors due to the type of
meter used may lHmit the accuracy of measurement.!?

The output meter may be similar to the input meter
or may actually he the same meter alternately con-
nected at the input and at the output. If the other com-
ponents of the measuring system are so arranged that
the input and output voltages are the same, the meas-
urements are expedited and errors due to absolute cali-
bration of the meter and to its variation in indication
with frequency are eliminated in making response meas-
urements. However, convenient switching on this basis
involves bringing wires from the input and the output of
the system in close proximity and may cause undesir-
able coupling, particularly when a high-gain system s
being measured. This may cause an error in absolute
gain indication or an error changing with frequency
during response measurements, or both. This pro-
cedure is, of course, impractical if the input and output
of the equipment under test are not in approximateh
the same vicinity. IFor example, the input of the svstem
heing tested might be in a studio control booth and its
output in a master control room,

Other factors to consider are the frequency response
of the meter, accuracy of reading possible due to instru-
ment scale spread and pointer structoere and the sensi-
tivity of the output meter in the case of loss measure-
ments. Finally, the factors such as pivot friction and
uniformity of magnetic field ordinarily affecting the
accuracy of clectrical instruments should be considered
in conjunction with the absolute accuracy desired.

ADJUSTABLE ATTENUATORS

As a practical matter, greatest convenience of meas-
urement is achieved if the meters used are held at con-
stant readings, and the variations in gain are deter-
mined by calibrated adjustable attenuators at the input
and at the output of the equipment under test as shown
in Fig. 2. This mecthod has several advantages. The
meter scale range, absolute sensitivity, and possible
variation in accuracy with indication are not factors in
the choice of meters used. Possible observational errors
due to the use of meter range switches are eliminated.
The amount of calculation to obtain the desired result
from obscrved readings is minimized. Further this ar-
rangement has the merit that known input and output
levels over a wide range of values can readily be pro-
vided. This is of particular practical importance if the
same testing equipment is to be used to measure a wide
range of gains and losses and various power levels.
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The increments of attenuation available and the ac-
curacy of their calibration, together with the scale
svn.sil-i\'i(\' and accuracy of the meters used, govern the
;u:(‘ur:u'\'-\vilh which absolute gain can be determined,
Rvs[um;c (relative gain) measurements require abso-
lute accuracy such that relative gains are indicated
within the desired limits of precision. .\ total measuring
error of 0.2 db from all causes is the order of precision
required for frequency response (relative gain) measure-
ments on equipment for hroadeasting transmission. This
limit includes frequency response crrors in the at-
tenuators. These mav ordinarily be avoided by careful
attenuator design. Failing this, recourse to calibration
is possible, In some instances, particularly in attenuator-
network arms of low resistance values, contact resist
ance in switches may introduce errors. Careful design
and proper maintenance of the switches will minimize
this difficutty. The adjustable attenuators preferably
should be mounted in a shielded enclosure. This precau-
tion minimizes the possiblity of errors due to parasitic
capacities to external surroundings which become in-
creasingly troublesome with incrceasing frequency.,

IMPEDANCE MATCHING NETWORKS

The ealibrated adjustable attenuators will have fined
input and output impedances determined during de-
sign. If the impedances from and into which it is desired
to measure the equipment under test are other than
those of the attenuators, it is necessary to add im-
pedance matehing networks. These ordinarily can be
fixed pads. The addition of such pads to the testing cir-
cuit is shown in Iig. 3. The determination of the values
of such pads is well covered in extant literature.!o !

) A 8 < o

r [ ]—”
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Ra  |aTTENUATOR i EQUIPMENT TTENUATOR )
OSCILLATOR } INPUT B Ty SRy wnoer [T os Diweur m |7
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J - J

Ry > Ry L < @
Fig. 3—Matching pads;

(B) and (C) are minimum loss “L” pads matching Ry to Rs and
R to Ry, respectively,

If Zis the larger and z is the smaller of the two impedances being
matched by cach matching pad, then

loss (db) = 20 1.,,:,,,( ‘/Z +‘ /7

)

The power handling capacity of the resistors used in
pads may: also require consideration on occasion. FFor
(‘.\'.’ln]])l'('. when measurements are made on an amplifier
for a high-powered sound system, an output pad might
well be used (o reduce the power to normal measuring
level, but the difference hetween the power out of the
amplifier and that in the meter
pated in the pad.

circuit would be dissi-

c

— e .
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Ordinarily, one per cent accuracy will be adequate
for the values of the resistors used for pads. However,
the required accuracy (or alternative calibration of
actual loss) will be governed by the accuracy desired in
absolute gain indication. In addition, freedom from
change of attenuation with frequency or calibration for
such change of loss is also a necessary consideration.

In connection with the use of both adjustable at-
tenuators and fixed pads, whether for impedance match-
ing or to supplement limited range adjustable attenu-
ators, it should be noted that Thevenin's theorem may
be applied to reduce the input and the output networks
to the equivalent of a generator in series with a re-
sistance.

BALANCE AND GROUNDING

For measured results comparable to actual perform-
ance conditions, the equipment under test should be
grounded in the same way for measurement as it is in
actual use. In particular, the grounding or freedom from
grounding of the input or output or both should be
maintained. Among the practical problems which this
introduces are: first, the balance of attenuators (both
fixed and adjustable), and second, the control of oscil-
lator grounding.

The attenuators, including those for impedance
matching, should be of the “unbalanced” type for con-
nection to a grounded circuit, and of the balanced type
for connection to circuits intended for operation un-
grounded or with a “center tap” ground. When using
an unbalanced measuring circuit one side should always
be grounded. The term “ground” is here used as mean-
ing that zero potential plane used for reference. The
impedance to ground for all points on the grounded
side should be as low as possible, the interconnecting
leads should be as short as possible, and no series re-
sistors included in the ground circuits. For example,
matching pads should have their series resistors in the
ungrounded side of the circuit. A properly balanced at-
tenuator requires both resistance balance between the
two sides of the attenuator and capacity balance to
ground on the two sides. The latter is ordinarily pro-

g vided by the proper design of the calibrated adjustable
attenuator switches. A ground at the center point of
the shunt resistance element of the attenuator is usually
necessary to insure balance in actual use. Tests to deter-
mine the adequacy of the balance (assuming freedom
from parasitic coupling) may be made by reversing the
connections cither to the input or to the output of the
attenuator in question and observing whether the out-
put is affected due to such reversal, particularly at the
higher audio frequencies. An alternative arrangement
to the use of balanced attenuators is the use of an elec-
trostatically shielded and balanced transformer be-

“tween the attenuators and the equipment under test as
shown in Iig. 4. This necessitates taking into account
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the loss and the possible frequency discrimination in-
troduced by such a coil.

One practical check of the stability of the measuring
circuit is to make a known change in the output level
from the oscillator with a corresponding compensating
change in the input attenuator setting. For example, a
10-db increase in test signal level and a 10-db increase
in the input attenuator should result in the same input
level to the equipment under test, and consequently no
change in observed output level. This check should
preferably be made at a frequency in the higher range
of the frequencies to be used for testing.

The oscillator output circuit may be grounded, or
cven though not grounded, may have sufficient ca-
pacitance to ground to introduce errors (the usual
practical case). Therefore, this circuit must also be con-
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Fig. 4—Balance and grounding—input circuits.

sidered in conjunction with the input ground. This
condition can often be provided for by the use of an
electrostatically shielded transformer at the oscillator
output as shown in Fig. 4. As the refcrence input voltage
is measured beyond this coil, its frequency response
characteristic does not affect frequency response meas-
urements. However, when making harmonic measure-
ments, it should be borne in mind that such a coil may
contribute undue harmonic distortion unless it is chosen
to handle the desired oscillator output power ade-
quately. The cfficacy of an electrostatically shielded
transformer is a function of the reduction of effective
interwinding capacitance brought about by the shicld
which is a function of the transformer design.

In addition to the transmission circuit grounds, the
shields ordinarily required on the interconnecting wiring
must he grounded as shown in Fig. 4.
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BRIDGING GAIN

A special condition of gain measurement occurs when
it is desired to determine bridging gain which has been
defined as “the ratio, expressed in db, of the power
delivered to the bridging amplifier load to the power in
the load across which the input of the amplifier is
bridged.” For this measurement the output of the input
attenuator is terminated by a resistance equal to the
reference load, and the input of the equipment under
test is connected in parallel with this load. Equipment
intended for bridging operation will ordinarily have an
input impedance high relative to that of the circuit on
which it is bridged. However, it will still be necessary to
take into account the reduction in power in the refer-
ence load due to the bridged input for accurate results.
Otherwise, the measurement technique does not differ
from that previously discussed.

ILLUSTRATIVE EXAMPLE

A specific arrangement for measuring the gain and
frequency response of a hypothetical system is shown in
Fig. 5. When both meters are indicating 0.001 watt, no
meter correction need be added. However, using thermo-
couple meters, it is probable that greater accuracy of in-
dication can ordinarily be obtained by reading small
variations on the thermocouple meter scales than by the
use of 0.1-db steps on attenuators.

In this same connection if the desired input level is
equivalent to —50 dbm (2.45 millivolts, rms, in scries
with 150 ohms), this level is achieved in the illustrative
example with 0.001 watt indicated by A/, and 39.5
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Fig. 5—Illustrative example:

(A) is adjustable attenuator for 500 ohms input and output im-
pedances.

R +-TC =500 ohms total +1 per cent.

Ry+TCy=600 ohms total +1 per cent.

R4 =each 500 ohms +1 per cent.

All other resistors, +1 per cent.

Loss in decibels due to matching network (B)

—

db = 201og,,(4/£+ 4/ ")
3 2
= 10.5 db.

Loss in db of (D)=18 db (for +18 dbm from equipment under
test and 0.001 watt in Re+TC»).
Source impedance of equipment under test =150 ohms (Rg).
Load impedance of equipment under test =600 ohms (R.).
Meters M, and M, calibrated with reference to 0.001 watt in
500 ohms and 600 ohms, respectively.
Then, if 0.001 watt level is maintained in R,+TC;,
for equipment under test:

Gain (db) = A4(db)+10.5 db+4-18 db=A4(db) +28.5 db.
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db in the adjustable attenuator. This 39.5 db plus the
10.5 db of the matching network provides the desired
cquivalent of —50 db referred to 0.001 watt.

The illustrative example of Mg, 5 is essentially similar
to the general basic circuit of Fig. 2. However, it will be
noted that the arrangement of the input meter circuit
of Fig. §is such that the same input voltage appears
across the input terminals of the input adjustable at-
tenuator as that indicated by Ay, thus avoiding a 6-db
correction required in the case in Fig. 2. With the ar-
rangement of Fig. § the relative values of the series input
resistances are, of course, factors in the accuracy of

measurement.

DISTORTION MEASUREMENT
Distortion Measurements Using a Wave Analyzer

Wave analyzer determination of harmonic distortion
at the output of the equipment under test involves sep-
arate measurement of the individual harmonics and the
calculation of the square root of the sum of their squares.
The wave analvzer is connected as shown in Fig. 2. The
wave analyzer can he used to check the signal source for
harmonic content by connecting it directly to the out-
put of the oscillator circuit. Such a check should be
made to insure that measurements are being made of
harmonics generated in the equipment under test.

For such tests on balanced equipment the same pre-
cautions must be observed as outlined in the section on
response and gain measurements. In the case of wave
analyzer measurements, it probably will not be possible
to connect dircctly to the output terminals of the
equipment under test without producing unbalance as
the usual wave analvzer has one terminal at ground
potential, unless ai isolating transformer is inserted in
the input leads to the wave analvzer.

The measurement of distortion with a wave analyzer
tends to be more precise than measurements with a
noise and distortion meter under some conditions, as
discussed later. owever, it has the disadvantages that
the actual observations are more time consuming, and
that calculations are necessary to determine the total
distortion percentages.

In making distortion measurements, the same abso-
lute gain as well as the same relative distribution of
gains and losses in the cquipment under test as were
used for the gain and frequency response measure-
ments must be used to insure correlation of results.

It is also advisable to make a check at the output of
the Fquipmcnt under test with the signal removed to
‘see.nf actual components of the signal are causing the
m(h.cation; or if it is duc to noise or hum generated in the
cquipment. If noise causes a reading approaching the
same order of magnitude of the expected distortion
rcad‘ings, the sclective method of measuring the har-
monics with a wave analyzer will ordinarily result in

more accurate determination of distortion than a non-
selective method.

-~ N ' S—
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Distortion Measurements Using a Distortion Factor Meter

A distortion factor meter,'s when used for distortion
measurements, attenuates the fundamental of the test
signal output of the equipment under test and passes
the remaining signal, which is composed of harmonics
and noise. The rejection of the fundamental is achieved
either by the use of a high-pass filter or by the use of a
sharply selective circuit. Comparative measurements
may thus be difficult to correlate, particularly if the
amplitude of the remaining noise approximates that of
the harmonics being measured. Such meters are some-
times so arranged that the frequency-selective circuits
may be disconnected for use in measuring noise as dis-
cussed later. Such a device is ordinarily termed a dis-
tortion and noise meter.

A distortion factor meter may be substituted for the
output meter as shown in Fig. 2. It will be necessary to
preserve the desired grounding condition of the circuit
under test and to terminate the output attenuator
properly. This termination can be in part or in whole
the input of the distortion and noise meter.

In addition to the errors caused by noise as already
mentioned, this method of distortion measurement may
be subject to other errors. The readings may be ac-
centuated or reduced by phase relationships between
different harmonics or between the same harmonics
introduced by each of several elements in the equip-
ment under test. Furthermore, when the magnitude of
the harmonics exceeds a few per cent there is a metering
error as the distortion factor meter indicates the ratio
of the harmonics to the fundamental plus the harmonics
rather than to the fundamental only.

Intermodulation Distortion

By substituting two signal sources at the input, two
signals can be simultancously applied to the equipment
under test and, by means of an analyzer connected at
the output, the intermodulation between the two sig-
nals can be measured. Different methods of making such
measurements have been discussed in the litera-
ture.'8.1718 However, the Committee on Audio Facilities
of the Transmitter Section of RMA has taken the posi-
tion that “there is not sufficient data available at this
time based on subjective observation to establish re-
commended conditions for test for intermodulation
measurement.”!

NoOISE
General

The measurement of electrical noise in a complex
audio system such as the complete audio facilities for
an eleborate broadcasting studio is very simple in
theory. The reference output power at the reference
frequency is first determined. The signal is then re-
moved, the input is terminated with a resistance equal
to the rated source impedance, and the residual output
level is measured. The ratio of the two levels expressed
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in decibels is then the signal-to-noise ratio. In actuality
there are two major complications in measuring the
noise. These complications are the nature of the noise
and the characteristics of the noise meter.

The nature of the noise is important basically because
even though it is measured as electrical energy, in the
actual application of the equipment under test it is ul-
timately converted to acoustical energy, and as suchisa
disturbance on a subjective basis to the listener. The
noise energy present in audio facilities for radio broad-
casting is ordinarily composed mainly of two types.
The first is random energy distributed substantially
uniformly over the frequency spectrum and of relatively
uniform amplitude such as that caused by thermal
noise in resistors. The second is energy concentrated at
one or more frequencies. A typical cause of such noise is
operation of equipment from an alternating-current
power source. In addition to these two types ordinarily
present, peaks of relatively high amplitude but of short
duration may be experienced. Such peaks may occur at
random intervals or may recur at repetitive time inter-
vals.

The characteristics of the noise meter become a prob-
lem because of the possible variations in the nature of
the noise energy. If all noises had the same wave shape,
then any meter capable of indicating steady-state elec-
trical energy and having the requisite sensitivity could
be used. However, when noises have different frequency
makeups, either due to various mixtures of single fre-
quency and random noise or due to various mixtures of
different single frequencies, then if the noise meter is to
give equal readings on noises which are equally disturb-
ing to a listener, the frequency response characteristic
of the noise meter is important and should not be flat.
Finally, the possible presence of random pulses empha-
sizes the time of integration of the meter and the ballis-
tic properties of the indicating instrument.

As a temporary arrangement for measuring the noise
on audio facilities for radio broadcasting (not including
studio-transmitter links), the Committee on Audio
Facilities has agreed upon making noise measurements
with a device having a frequency response flat within
plus or minus two decibels from 50 to 15,000 cps and
having the ballistic characteristics of the “standard VU
meter” but reading (responsive to) the rms value of a
complex wave approximating a steady-state condition.!
The Committce also notes that measurement of pulse
noise conditions has not been included because of lack
of definition and equipment.

The results of the measurement of noise with a meter
having a substantially flat frequency response are or-
dinarily reasonably adequate for comparative use in the
field outlined herein, particularly on like equipment.
For example, in audio facilities for radio broadcasting,
the noise problem frequently simplifies to that of the
control of hum from power supply when power is sup-
plied as alternating current to the heaters of indirectly
heated cathodes and as rectified and filtered alternating
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current for the other clements. Where a diversity of
conditions cxists, it may be nccessary to qualify the
results of noise measurements to insure proper interpre-
tation; this results largely from employing flat response
measurement of electrical noise, as generally the ul-
timate criterion is disturbance on an acoustical basis.
For this reason, frequency weighting in the meter has
been generally resorted to in noise tests on telephone
svstems and in acoustical measurements, to simulate
human cars at representative listening levels. Examples
of this are the Bell System program noise measuring
cquipment and the American Standard Sound Level
Meter.?%:24.22 There are incorporated in the latter de-
vice two frequency weightings, corresponding to car
characteristics for 40 db and 70 db acoustical levels.
Results of acoustical measurements with such a meter
would of necessity require supplementary data for co-
ordination with previous results of flat response meas-
urements of the clectrical noise in amplifiers intended as
components of an clectro-acoustical system. However,
generally available data correlated with weighted clec-
trical measurements made on amplifying systems do
not appear to exist in sufficient volume to warrant
abandonment at the present time of the existing use of
flat weighting for clectrical noise measurements on the
audin systems under discussion. This decision is an ex-
pedient and is subject to review in the light of more ade-
quate information which may become available later.

As noted above, the Committee on Audio Facilities
has specified that the noise measuring device have the
ballistic characteristics of a standard VU meter but that
it read the rms value of a steady complex wave. The
standard VU meter does not read this rms value as the
exponent applying to the instantancous value of voltage
for it® is 1.240.2, while the corresponding cexponent
is 2.0 for an rms device. However, it scems likely that
on ordinary steady noises found in audio systems the
difference between a VU meter reading and an rms
reading would not exceed about 1 db. For noises of
markedly peaked wave shapes, the difference would be
greater'’?; but these are not ordinarily originated in
audio facilities.

The Committee on Audio Facilities has not specified
the frequency response of the noise measuring equip-
ment above 15,000 cycles. It would seem desirable that
this response cut off frequencies above 15,000 cycles,
since the broadcast receiver and listener would ordinar-
ily be insensitive to them. If measuring instruments of
differing frequency response above 15,000 cycles are
used to measure a noise having components above
15,000 cycles, different readings will be obtained, par-
ticularly if the equipment under test has a substantial
frequency response above 15,000 cps. llowever, the
difference between the readings of a standard volume
indicator and an ordinary noise and distortion meter,
contributed by the differences between their frequency
response characteristics, will usually amount to only a
few tenths of a decibel, though in particular cases
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(¢.g., where the apparatus under test picks up the ficld
from a long-wave radio-telegraph station) larger dif-

ferences may be found.

Noise Measurement Using o Distortion and Noise Meter

To make noise measurements with the distortion and
noise meter of the general type already describyed, its
calibration is first adjusted so that it indicates zero with
a test signal at a medium frequency such as 1,000 ¢ps
after the input level is established at the normal or
operating level. The gain and control settings of the
cquipment under test should again be the same as for
previous measurements. The output of the equipment
under test should be terminated by resistance equal to
the rated load impedance. Noise measurement is then
made by removing the test circuit from the input to the
cquipment under test and substituting a resistor equal
to the rated input source impedance. The resistor
should he noninductive and of a type, such as a wire-
wound resistor, which will not in itself generate appreci-
able noise. In high-impedanee, low-level circuits it may
be necessary to shicld it carefully to avoid hum pickup
trouble.
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Error-Actuated Power Filters”
GORDON NE\\'STEAI)T aNxp D. L. H. GIBBINGST

Summary—A filter is described which is capable of handling
large amounts of power using components rated at a small fraction
of that power. The filter employs negative feedback to cancel out
unwanted frequencies. Design equations are given and the operation
of a typical filter circuit is examined.

I. INTRODUCTION

PASSIVE filter achieves its results by presenting
a frequency variable impedance to the supply

which is to be filtered. An alternative method of
filtering is to generate voltages to opposc and cancel
those which it is desired to remove. In this paper we
describe filters operating on this principle which may be
likened to error-actuated servomechanisms, the error
being the residual voltage at the unwanted frequencies.
We have named such filters “error-actuated filters.”

Error-actuated filters have distinct advantages over
classical types of filter in respect to power-handling
capacity, and their filtering action is not significantiy
affected by large variations in load impedance. In one
stage of such a filter, the error can be reduced to a value
fixed only by stability requirements, and, if necessary,
a number of stages can be used in cascade. The lower
limit to which harmonics can be reduced in this way is
fixed by the production of harmonics in the filter itself.

In this paper we are mainly concerned with the puri-
fication of a fundamental frequency, by the removal of
unwanted harmonic frequencies. However, there ap-
pears to be no fundamental limitations on the method
which would prevent its being extended to apply to a
given set or band of frequencics, and we intend, subse-
quently, to investigate error-actuated flters with wider
pass bands.

Although the power to be filtered does not pass
through the amplifiers used in the filter, it is necessary,
as discussed below, for it to have a power rating.
However, in the case where the unwanted frequencies
are a small fraction of the wanted frequencies, this
rating is only a fraction of the power handled by the

. * Decimal classification: R143.2 X R 386.2. Original manuscript re-
ceived by the Institute, December 27, 1948.
1 The University of Tasmania, Hobart, I'asmania, Australia.

filter. For example, with receiving tubes and small
transmitting tubes, we have found it possible to remove
the harmonics from about 1 kw of alternating current
containing 5 per cent harmonics. Larger powers could
be handled using larger transmitting tubes.

[1. NOTATION AND SYMBOLS

The subscripts 7 and o are used to denote input and
output quantities, and the subscripts w and u are used
to denote wanted and unwanted quantities, respec-
tively. The symbols I and V are used for current and
voltage, respectively; for example, Vi, means the
wanted component of the voltage present in the input.
The subscript 1 is used to denote the difference between
input and output quantities, thus

Vy = Vi — V..

In general, the V and [ are complex numbers to take
account of phase shifts, the modulus symbol being

used for the rms value of their magnitudes. In the case

where there is more than one wanted or unwanted com-
ponent, symbols suchas V.are to be interpreted as apply-
ing to typical components, but I V.»ul is to be interpreted
as the rms value of all the # components. We also use:

D =the maximum allowable dissipation in the anode
of the final amplifier tube. With the suffix u,
D means the actual power supplied by or to the
tube at the unwanted frequencies.

T'=the turns ratio of the output transformer of the
amplifier (see Fig. 2).

G =the gain of the amplifier.

B=a factor to take account of the attenuation of
the network.

I,=the steady dc current in the anode of the final

amplifier tube.

E,=the steady dc voltage on the anode of the final

amplifier tube.

E.=the grid bias voltage on the final amplifier tube.
ro=the plate resistance of the final amplifier tube.
n=|Vuw|/| Vis| =ratio of unwanted to wanted

voltages present in the input.
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III. THEORY OF THE ERROR-ACTUATED FILTER

The general arrangement of this type of filter is
shown in Fig. 1. The unwanted frequencies are taken

L oaa

Supply C‘D v. Vo

V.ru

Amﬁ//ﬁer

Y

Network Sfo/ﬁug
Woanled fr-yuenc/es

Fig. 1-—General arrangement of error-actuated filter.

through a feedback path of gain GB and reinserted
further back in the circuit, the connection being such
that the feedback is negative. The voltage gain GB is
defined as the ratio Vy/V, and is a function of fre-
quency. It is convenient to take the gain as the product
of two factors, G depending on the amplificatioh of the
amplifier, and § depending on the passive network. This
method and notation will be familiar to those ac-
customed to servomechanisms and inverse feedback
amplifiers, although so far as the authors are aware this
method of filtering has not been described before. Ter-
man' and others have described amplifiers whose gain
versus frequency characteristics are controlled in a
manner similar to that of Fig. 1. However, if such de-
vices were to be used as filters, the whole of the power
would have to pass through, and be delivered by, the
amplifier.

In an arrangement such as in Fig. 1, it is easy to
show that

Vo = Vi/(1 +GB). (1)

By using a null network in the feedback path, 8 can be
made zero at the wanted frequencies, and we have

Vow = Viw. (2)

The wanted frequencies are thus transmitted without
attenuation. At the unwanted frequencies, however, 8
is different from zero and we have

Vou = Viu/(1 + GB), (3)

where the factor 1+G@ can be made as large as stability
considerations will allow. This aspect will be dis-
cussed later.

1E. E. Terman, R. R. Buss, W, R. Hewlett, and F. C, Cahill,
“Some applications of negative feedback with particular reference to
laboratory equipment,” Proc. I.R.E., vol. 27, pp. 649-655; October,
1939.
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An important matter is the power-handling capaci-
tance required of the amplifier. The volt-amperes to be
supplied by the amplifier at the unwanted frequencies

arc equal to
’ Vllu’ ‘ l Voul/lZLI)

which, on substituting for l le and | V,..l and taking
|1+GB|:|GB|, reduce to

| vile/l2.] -G8l

The volt-amperes being supplied to the load at the
wanted frequency are

| Vio|¥/ | Z1].
Thus the volt-amperes rating of the filter is
D.- | GB| /n®. (4)

Taking IGﬂI =50 (a value typical of those we have
achieved) and #=1/20, e.g., 5§ per cent unwanted
voltages in the supply, we see that the amplifier is
required to deliver only 1/20,000 of the volt-amperes
supplicd to the load. In practice the power-handling
capacity of the amplifier at the unwanted frequencies
is not a limiting factor on the power-handling ca-
pacity of the filter where the percentage of unwanted
frequencics is not too large.

The load current I, flows through the output ter-
minals of the amplificr and because of the impedance
presented by these terminals, a voltage drop at the
wanted frequencies occurs. Besides impairing the regu-
lation of the supply, this voltage drop is impressed on
the amplificr which must be capable of handling the
requisite volt-ampcres. The magnitude of the voltage
drop is | 1,| - | Z.|, where Z, is the impedance looking
into the amplifier terminals from the line side at the
wanted frequency, and |7,|?-|Z,| volt-amperes are
handled by the amplifier. If voltages at the wanted
frequency are present or introduced further back in the
amplifier, then Z, is not entirely a passive impedance
and it can be controlled by controlling the magnitude
and phase of these voltages. It has been found, for
example, that by unbalancing the null network, the
voltage drop at the wanted frequency can be reduced to
zero. However, the amplifier is now supplying volt-
amperes at the wanted frequency, and each case can
only be examined in detail when its arrangement is com-
pletely known,

A typical arrangement is shown in Fig. 2. The final
tube of the amplifier is shown there as a single-ended
st.age, whereas, in order to reduce the effect of the
direct current through the transformer, push-pull ar-
rangements are preferred in practice. However, the
cl.mngc in the analysis required is trivial, and Fig, 2 is
discussed as having no irrelevant aspects which may
.tend to obscure the fundamental facts. In passing, it is
important to note that any harmonics introduced by the
amplifier or other components in the circuit are them-
selves divided by |14-Gg|.
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In order to select a tube which will be capable of
filtering a given power and to fix its operating conditions
at their optimum values, we require an analysis that
will give the power-handling capacity of the filter in

Fig. 2—Arrangement of power amplifier tube.

terms of the power-handling capacity of the tube. We
will consider a tube restricted to operate class A on the
linear portion of its characteristic and without voltages
at the wanted frequencies applied to its grid. This last
restriction can be removed, if desired, but as we have
found that the voltage which can be applied to the grid
is a limiting factor, it is not generally desirable to
increase it by applying voltages at the wanted frequen-
cies. There are four conditions to be fulfilled:

(i) The grid drive must be limited so that grid current
does not flow during the positive half of the cycle, and
plate current is not cut off during the negative half of
the cycle. So far as the harmonics are concerned, the
tube is working into a very large impedance, so that
the load line is nearly horizontal and there is little possi-
bility of driving the grid-to-plate current to cutoff. It
E, is the grid bias voltage, the grid drive must not
exceed Ec/\/Z-, and, since the gain of the stage from
tube grid to transformer secondary is u/T, we have

T-| Viul -/ S E/V?2
or

T < uk/V2 | Viul. (5)

(ii) The plate voltage must not exceed the rated value
§ on the positive half of the cycle or become negative on
the negative half cycle. If the dc voltage E, is adjusted
halfway between these limits, we have

| Viel| T + 1o | 1] /T S Eo/V/2. (6)

(iii) Similar considerations as under (ii) above apply
to the plate current I,, and we have
| Ie| /T = 1,- /N2
or
| To| S T-10-/V/2. (7)

(iv) The dissipation in the tube at the wanted fre-
quency must not be exceeded, and we have

Newstead and Gibbings: Error-Actuated Power Filters
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| I,|2-7a = THD — Do) (8)

With most tubes it is generally found that the restric-
tions due to (i) and (iii) are first reached and so the
transformer ratio is chosen by making (5) an equation
and limiting the load current in accordance with in-
equality (7). A check is then carried out to see that
(6) and (8) are satisfied. In order to prevent distortion
and to limit the dissipation it is necessary that these
last inequalities are rather strongly fulfilled.

The following considerations show how to fix the op-
erating conditions. Using (5) and (7) as equations, we ob-
tain

T-1,/v2
= wE /2| V..

| Tu] =

Multiplying through by I V.,I we have for the volt-am-
peres rating of the filter

| Tu| | V| = nEdo/2n.

We therefore desire to maximize uE.J,. Assuming linear
characteristics, we have

1
—(Ey = 1Tr.)
i

E.

1
Ilwl ' I le =—IO(E0_ Iuru)
2n

1
= (Do - In2rn)- (())
n

Thus the greatest power can be handled when I, is made
as small as possible. In the limit, the volt-amperes that
can be handled are given by

| 1| - | V| = Do/2n. (10)
A suitable design procedure is, then, as follows:

(i) Select a tube or decide on the number of tubes in
parallel required, using (10). It has been our experience
that a factor of safety of about 2 should be allowed at
this stage.

(ii) Select I, as small as possible on the reasonably
linear portion of the characteristics.

(iii) Work out E, from E.J,=D,.

(iv) Find E. from E, and I,.

(v) Find T from equation (5).

(vi) Work out I, from equation (7).

(vii) Check inequality (6). If it does not hold it can
generally be fulfilled by reducing T and repeating (vi)
and (vii).

It should be stressed that no great accuracy is claimed
for the above analysis, but i does provide order of mag-
nitude calculations useful for design purposes.

Investigations using the above methods show that in
the receiving tube class the most suitable output tubes
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are high-powered triodes such as the 2A3. The 807, as a
triode with a small resistor in its screen to limit screen
dissipation, has also proved very suitable. With two of
these tubes in push-pull circuits, it is possible to filter
about } kw of alternating current containing 5 per cent
harmonics, actual circuits and performances being given
in section V. Greater power-handling capacity may be
obtained by going to transmitting tubes or by using
tubes in parallel; m tubes in parallel increasing the ca-
pacity m times. In the transmitting tube class it is found
that two 833A’s in push-pull would be able to filter a
power of about 3} kw.

The alternating-current supply voltage at
filtering is carried out does not affect the power-hin-
dling capacitance of the filter, but as | 1".,] increases
with an increase of | Vi|, a smaller value of 7" will he
necessary (see (5)). Provided that the filter remains sta-
ble, the filtering action will be improved by the increase
in gain brought about by the reduced value of 77 If the
value of T found is such that it is not possible to ohtain
sufficient gain from a conventional voltage amplifier
(because of the loss in the output tube), and as it is not
desirable to increase the number of stages of voltage
amplification for stability reasons (sec scction 1V), a
circuit of the type described by Jeffrey? can be em-
ployed. This circuit uses the high input resistance of the
cathode follower as the load resistance of thevoltage
amplifier. A dc coupling is used between the output of
the cathode follower and the grid of the power tubes, to
avoid the introduction of further phase shifts.

which

IV. STABILITY

In the theory given above there is no reason why ¢
should not be indefinitely increased, but in practice (3
is function of frequency and at some frequency the
phase shift may be sufficient to cause the feedback to be
positive. The requirements on (8 as a function of fre-
quency for the system to be stable were discovered by
Nyquist® and have been discussed in some detail by
Bode# In devices of this type it is not desirable to use
conditionally stable arrangements, so the requirements
reduce to ensuring that whenever the phase shifts be-
come equal to odd multiples of =, [Gﬁl <1. We have
confined ourselves to the cases in which phase shift is
always less than F in the working range and arranged
that the gain of the amplifier has dropped below the
critical value before appreciable phase shift occurs. This
limits us to the case of not more than two stages of re-
sistance-coupled amplification, and, as discussed above,
the last tube is essentially a power amplifier with no
voltage gain: it often has a gain of about one-half. Un-
der these conditions values of the order of 30 can casily
be obtained. This means that unwanted voltages can be

tE. Jefirey, “Push-pull phase-splitter,” Wireless World, vol.
LI, p. 274; August, 1947.

2 H. Nyquist, “Regeneration theory,” Bell Sys. Tech. Jour., vol,
11, pp. 126-148; January, 1932,

¢ H. W. Bode, “Network Analysis and Feedback Amplifier De-

sign,” 2nd Printing, D. Van Nostrand Company, Inc., New York,
N. Y., 1946.
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reduced in the ratio 1:50 (34 db) in a single stage.

Stability requirements also limit the types of passive
network which can be inserted in the feedback path.
Ladder type networks, because of their large phase
shifts, are not suitable, in spite of their desirable attenu-
ation characteristics. Parallel-7" null networks are very
suitable as their phase shift does not exceed +7/2, and
the greater part of it occurs within a relatively limited
region near the null frequencev. Tt is thus possible to de-
sign the amplifier to have relatively little phase shift
where the parallel-7 has its greatest shift and viee versa,
and so ensure that the phase shift of the network and
amplificr do not greatly reinforee cach other.

Bridged-7" networks are capable of greater selectivity
than the parallel- 7', and in applications where frequen-
cies very close to the desired one are to be removed,
their use is indicated. However, they were abandoned at
50~ because nonlinearity in the iron-cored inductances
causcd the balanee point to vary with load.

V. SOME EXPERIMENTAL RESULTS

IFig. 3 shows a circuit using 807 tubes which has been
used for filtering a 250-volt, 50 ~ supply with 5 per cent
harmonics.

5&?5‘}
250V so~ .

Fig. 3—Circuit of experimental filter.

I'he tube conditions are as follows:

{tz 8 7= 1600 Q
12, =450 volts .= 10 volts
1,= 10 ma D,= 18 watts.

Equations (5) and (7) give T'=18 and 1, (for 2 tubes) as
l.()? amperes, and a check shows that inequality (6) 1s
fulfilled. '

' 'I:hc m.casur(-(l performance of this circuit with 7’=15
1s given in"Table T (b). It will be seen that /,1s 1.1 am-
peres so that the tubes must be operating with their
anode current cut off over a small part of the cycle. This
would explain the appearance of even harmonics in the
output, but fortunately, as noted carlier, the harmonics
produced by the device are also divided by the factor

14+Gg.
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Table 1 (a) gives the measured performance with
T =8, and as would be expected shows better filtering,
since the gain of the amplifier is greater.

As the rated maximum dissipation of an 807 is 25
watts, equation (10) would lead us to expect a volt-am-
pere capacity for the filter of 500. The actual value
achieved was 240. The discrepancy may be accounted
for by 3 factors:

(1) The tubes were run at 18 watts dissipation.

(2) I2r,=2.5 and is not negligible.

(3) It was assumed that two tubes in push-pull would
give twice the current-handling capacity, which is not
true with the phase splitting device used.

If we take account of the first two factors, (9) gives us
a theoretical volt-ampere capacity of 310, which is thus
not greatly in excess of the achieved value.

The relative amounts of the individual harmonics can
be adjusted by slightly unbalancing the parallel-T net-
work. We have found that the best procedure is to bal-
ance the parallel-T), as indicated by the vanishing of the
fundamental frequency on an oscillograph connected
across the grid of the 807, and then slightly unbalance it
to increase the fundamental component or reduce any of
the harmonics to a minimum. Failure of the filter shows
itself in the presence of discontinuities of the wave form
on the grid. The results given above represent the sort
of typical compromise that can be obtained in practice.

TABLE 1
(a)
T=8 R =3500
Input Output
Frequency
cps o7, Funda- F -
. 7 Funda . 7% Funda
Volts mental Volts mental
50 250 230
100 018 0 07 0.08 0.03
150 1 K3 0.74 0.15 0.07
200 011 0.04 0.02 0.01
250 7 65 3.06 0.20 0.09
300) 0 40 0.16 .04 0.02
350 1 48 0 59 0 0K 0.03
(b)
T=15 Ry = 20012
Input Output
Frequency
e 7 Funda . % Funda-
Volts mental A ‘monlnl
50 250 220 o
100 012 0 05 0O 0OR 0.04
150 215 O RO 014 0.06
20¥1) () 08 003 0.16 0.07
250 K 20 3 28 0 42 0.19
300) 0 07 003 016 0 07
350 170 () O8 .06 0.0}

VI, COMPENSATING FILTERS

It is possible to rearrange the circuit of Fig. 1 into the
form of Fig. 4, where, with negative fecdback connec-
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tions, we have
I, = V.(1 = GB).
By making 8 =0 at the wanted frequencies we have
Vow = Viw

as before. If, at the unwanted frequencies, we make
GB=1, we have -

Vou = 0.

It appears that this device would have advantages over
the regulating type of filter previously described, and in

o
< —

o =

Y]

Fig. 4—General arrangement of compensating filter.

special applications this might conceivably he so. How-
ever, in general, it is not possible to maintain the adjust-
ment GB =1 over a frequency band or a period of time,
and the regulating type of filter is to be preferred.

\V'II. CoNCLUSION

The method described above enables filters to be con-
structed which are capable of handling powers up to sev-
eral kilowatts without requiring a large number of
power-rated components. It appears that these devices
are the most satisfactory means yet described for the
production of a very pure wave form from an ac source
and should have a number of applications, particularly
in the ficld of electrical measurements. A further appli-
cation that appears promising is the inclusion of a filter
of this type between an ac voltage regulator that makes
use of saturable reactors and a stabilized dc power sup-
ply. This should result in an improvement in the stabil-
ity of the system, because if a filter is not used, changes
in harmonic content, as the ac regulator operates, result
in «hanges in average value of the ac voltage, even though
its rms value remains constant. The over-all stability of
the aystem, without the filter, is thus not as great as
might be expected at first.

The actual filters deacribed in this paper are of a
rather apecialized type, but it is felt that the principle of
error-actuated filtering is capable of very wide exten-
sions.
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Signal—to—Noise Ratios of l.inear Detectors

R. H.

Summary—A method is presented for obtaining the output
signal and noise from a linear detector, including the output signal
wave form and both the signal and the noise spectra. The method Is
applicable to any type of amplitude-modulated input signal at any
signal-to-noise ratio, provided only that the bandwidth is small
compared with the center-band frequency, and requires that certain
steps be performed graphically rather than analytically. A comparison
is made with square-law detection for a few useful cases. It is
demonstrated that the linear detector gives a higher output signai-to-
noise ratio than the square-law detector for some types of signal.

[. INTRODUCTION

YHE METHOD presented here is a restatement
?I[ and extension of principles discussed in the litera-
“" ture to the problem of the signal and noise output
of a linear detector when the input signal is a general
amplitude-modulated wave. As i rule, only amplitude-
modulated waves, including any type of pulse-modu-
lated signals, are detected by a single diode. The noise
and signal output of a discriminator using linear de-
tectors can also be derived by this same general method.
The general problem is to obtain the signal and noise
spectrum of the output of a linear detector, given the
input signal and the input noise power spectrul. From
a mathematical standpoint this general problem is not
solved until an analytic solution is obtained for the out-
put signal and noise for any input signal (and noize)
whatever. The method presented here is not such a solu-
tion. First of all, some graphical Fourier analvses have
to be performed since the corresponding analvtic ex-
pressions are much too cumbersome to handle. Sec.
ondly, the ratio of input bandwidth to the center fre-
quency of the band is assumed to be small, and tfinally
the input signal is subjected to more restrictive condi-
tions than merely the one of having its components in
the appropriate frequency band. If it is an amplitude-
modulated wave, this fact is recognized, and use is madc
of the necessary relation between the phases of side-
bands symmetrical around the carrier frequency. The
type of input noise considered is normally distributed
random noise. Several analvtic ~olutions, both approxi
mate and exact, have been given in the literature for
certain less general problems connected with linear
detection of signal and noise.!~*
The basic philosophy involved in the method js
simple, and is commonly referred to as the adiabatic

* Decimal classification: R302XR301.211. Original manuscript
received by the Institute, November 22, 1948; revised manuscript re-
ceived, March 21, 1949. Presented, 1948 West Coast Convention, Los
Angeles, Calif., October 1, 1948.

t Hughes Aircraft Company, Culver City, Calif.

'W. R. Bennett, “Response of linear rectifier to signal and
gg‘iase," 1(3e11) Sys. Tech. Jour., vol. 23, pp. 97-113: January, 1944,
8 . (11). '

’ea'. R. Bennett, “The biased ideal rectifier,” Beil Sys. Tech.
Jour., vol. 26, pp. 139-169; January, 1047, See eqs. (1.23) and
(1.24).
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assumption. For the ANM signal, for example, it is
merely recognized that the signal may be factored into
two parts, a slowly varying envelope and a carrier-fre-
quency sine wave. The output signal for an unmodu-
lated carrier is merely the dc output. Similarly, the out-
put signal with modulation is this same dc, now varying
slowly with time as a function of the amplitude of the
input sine wave, and hence, of the envelope. Thus as a
prerequisite, the solution for the de output with noise
and sine-wave signal input is required. Similarly, the
output noise spectrum with AN signal can be modified
from this simple case of a sine-wave signal at the
input.

[I. THE OurPuT S1GNAL WiTH AM SIGNAL INPUT

Consider first the de output, which is the mean or
average value of the output, when a sine-wave and
noise are applied to the input of a nonlinear device. In
general, this solution is given by

I =FV,, V.2 (1)

where
T=mean or dc output current (output voltage
for and envelope detector)
I's=peak amplitude of the input sine-wave (peak
carrier amplitude)
Va(f) =input noise voltage
? =Mmean square input noise voltage.

For normally distributed random noise, whose prol-
ability distribution is not a function of its spectrum, it
is easily demonstrated that the dc output is not a func-
tion of the spectral distribution of the input noise, hut
depends only on its mean square amplitude. Given the
general detector characteristic

I =Fu V) ' (2)

i =input voltage to the nonlincar device
I'=output current (or voltage) from the nonlinecar
device.
I'he probability densityv of the output, prior to filtering,

1R

Po(I)dI = P(1)dV (3)
where
Po(I) = probability density of /, the output current,
P = probability density of the input voltage.

’S. O. Rice, “Mathematical anal sis of rand ise,”
. 5 : Bell Sys.
Tech. Jour., vol. 23, pp. 282-332- f 1941 Aleo ol ; ¢
156‘; TR PP. 282-332; July, 1944. Also, vol. 24, pp. 46~
- R. Ragazzini, “The effect of fl tuation v i
deuictor," Proc. I.LR.E,, vol. 30, pp.u37u7a-l2“8)g;‘j)lljt:eg,e?:&.the e
. D. l’}l}n)ddleton. “Rectification of sinusoidally modulated carrier
noise,” Proc. L.R.E., vol. 36, Pp. 1467-1477; December, 1948.
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and the mean value of the output is then
1= f IP|(I)dI = f P(V)F4(V)dV. (4)

There is clearly no dependence on the input spectrum
in this relation; in other words, the mean or dc output is
a function only of the total input noise power. Further-
more, filtering of ac components of the output can have
no effect on the dc value of the output, so this relation
is always applicable.

For normally distributed random noise, the function
F(V,, V,2) is uniquely determined by the detector char-
acteristic Fi(V). For the ideal linear detector whose
transfer characteristic is

FiV) = aV for
=0 for

V>0
V<o

The corresponding dc output has already been derived

by Bennett!
. F ( 1.1 W‘> (5)
21r 141 2 y IV" [

I=a

Where
Wa=V,2
W,=1V.2=input power envelope
\Fi(a; ¢; z) =corifluent hypergeometric function®

_1+a z a(a+1) z’+
T 1) 2! '

Furthermore, Bennett has shown that the output of
an ideal envelope detector differs only by the constant
factor 7w from the low-frequency output of an ideal
linear detector.? Since constant factors do not affect
signal-to-noise ratios, this solution for the ideal linear
detector is applicable to either case.

Since the frequency components of the envelope differ
by at least one order of magnitude from the carrier
frequency, the time variation of the actual envelope
V,(t) may be introduced into this expression. The result
is the output signal as a function of time, although, to
he more exact, the contribution to the output due to
noise must first be subtracted out, giving

I.(t)=a4/—g?[lF,<—é: I —*ﬁi”)—m:(—;; 1;(»]
)
—a‘/l;: [ul"x(—%: 1 —3y9)—1| (6)

where

Ll DN 'l'._\\'hitlaker and G. N. Watson, “Modern Analysis,” Cam-
bridge University Press, 1940; Chap. XVI.
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1.(8) = output signal as a function of time
V. signal voltage envelope (peak)
w2 ’

I

y . q
rms input noise voltage

The frequency components of the signal must be ob-
tained by a graphical Fourier analysis of 7,(¢). From a
practical standpoint, such a procedure is much more
effective than attempting to derive analytic expressions
for the Fourier components of I, for any arbitrary
V.(t). This process may be carried out with the help of
Fig. 1 where I, is given as a function of y. To use a

.
T

[
T

RCindyDa

L ] |

{ | |

T ] —
| T O I
L] L2 4 . L8 2

v

Fig. 1—Hypergeometric function used to obtain I,.
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simile, the signal output of an ideal linear detector with
noise present is the same as the signal output of a
hypergeometric function detector with no noise. Note
that the output signal is not always proportional to the
input envelope; therefore, the output signal contains
distortion. This distortion is a function of three factors;
(a) the average signal-noise ratio, (b) the per cent modu-
lation, and (c) the relative phase of the modulation side-
bands, in other words, the exact wave form of the
envelope. Under these circumstances, a graphical ap-

proach is clearly the most practical one.

111. OutpuT NOISE SPECTRA WITH AM SIGNAL INTPUT

The modification of the output noise spectrum from
the solution when the input is an unmodulated sine-
wave is entirely analogous, but a little more compli-
cated. The mechanism whereby the output noise
spectrum is obtained must first be reviewed to some
extent. First, the normally distributed random noise
input may be represented in the form of a Fourier
series

Vat) = 2 Cn cos (wat + ¢n) (7)
ne=1

wao=2w(n/T)=27f,

T =the time over which the expansion holds (since
noise is not periodic, we allow T to approach
infinity)

¢.=random phase angle (uniform probability
density from 0 to 2w).

The amplitude of the noise components Ca is related
to the noise power spectrum by the relation
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16t = w(f)AS = w(f.) T
w(f) = noise power spectrum-mean square volts per cycle.

The input noise spectrum is determined by the band-

pass characteristics of the narrow-band clements of the

input circuits, since prior to narrow banding, the spec-
trum is uniform over all frequencies.

FFor a general nonlinear device, it has been demon-
strated that the output noise can be represented as the
sum of intermodulation products of all orders.! Since
only the spectrum and statistical properties of the input
noise are known, a direct Fourier integral of the output
cannot be formulated, and this representation is the
most convenient one. For a square-law detector the
only nonzero intermodulation products are the second
order ones, signal-noise and noise-noise intermodula
tion. These products give difference frequency beats
in the audio or video region. Since the phases of these
difference frequency beats are also random for the case
of noise, the mean square amplitudes or the “power”
spectra of the two kinds of intermodulation add lincarly
in the output. It turns out conveniently that these
second-order intermodulation products are the onl
significant contributors to the output of an ideal linear
detector also.

For a sine-wave signal and noise, the difference fre-
quency beat between signal and noise gives an output
component whose amplitude is proportional to the
product of the sine-wave amplitude and the noise-com-
ponent amplitude. The proportionality constant is a
function of the input signal-to-noise ratio (a constant
for constant 1¥,). Thus, the shape of the signal-to-noise
output spectrum is the same as that of the input noise,
only shifted towards dc by the carrier or signal fre-
quency. Of course, this shift leaves the lower half of the
spectrum at negative frequencies. In the actual output
it is necessary to reflect these portions back onto posi-
tive frequencies, and add the power spectra. Suppose,
for the moment, that the spectrum is left as it is, with
both positive and negative frequency components, and
modified to take into account variations in signal ampli-
tude with time.

As the input signal envelope varies, the amplitude of
each of the beat-frequency output components varies in
a related manner determined by the functional de-
pendence of the proportionality constant on instantane-
ous signal-to-noise ratio. If the amplitude of a sine-
wave, whatever its frequency or phase, varies periodi-
cally, the wave itself may be expanded into a carrier at
the sine-wave frequercy plus symmetrical modulation
sidebands, even if some of the sidebands fall at nega-
tive frequencies and later have to be reflected back onto
the positive half of the scale. Thus, the above spectrum
becomes a function of time and the actual steady-state
frequency spectrum is obtained by summing a series of
power spectra corresponding to the carrier and side-
band amplitudes in the above Fourier analysis of a single
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component.  NMathematically - this procedure s de-

veloped as follows
The amplitude ot the signal-to noise beat at the dif-

1 e . oft!
ference frequency f,—f, is given by Bennett

C., W, i,
to= S (4 - )
.2 7|'”’" ” n
alyy .
9035 2 — 4y, (8)
\ 87

Plotting .., over a eycle of the input modulation and
performing a graphical Fourier analysis gives the ex-

pansion
aC’, -
da() = [rlo + X a, cos (nwal + 0,,)] (9)
\ 8w nel
2rf,, = w,, =27 times the fundamental envelope modu-

lation frequency.
A is plotted versus vin Fig. 2.

|
20,
:-)"‘ o e
~
~ o /
ol /
|
>l/
— ! e " L sl |
) 4 E] E] - []
=30
Yiann

Fig. 2—Iypergeometric function used to obtain Aun.

The ao coefficient gives the carrier amplitude of cach
heat component and the modulation sidebands are of
amplitude a,/2. The ao term gives an output spectrum
equal to a’ao?/8 times the shifted input spectrum and
the a. terms give similar spectra shifted in frequency
by nfn relative to the ao spectrum, Thus, the output
noise power spectrum due to signal-to-noise inter-
modulation is :

2

wo(f) = g; [uozu.,(f)

+ Y

ne=1

uTn(w,(f = nfn) + w.(f + nf,,.))] (10)

where

w,(f) =w(f,+f) with f both positive and negative
fo=input carrier frequency.
If the input noise power spectrum w( f) is symmetrical
around the signal carrier frequency,

G20 this expression
simplifies to

W, (f) = ::[aoﬁw.(f) + > -a—;; w,(f — nf...)]. (11)

n=1

At the conclusion of this summation process, all por-

tions of the noise power spectrum at negative frequen-
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sies mmay be reflected onto the positive side, and added
to any portions already there.

The procedure for noise-to-noise intermodulation is
identical, except that the output spectrum for an un-
varying sine-wave signal is different. This spectrum is
proportional to!

1 o
wif) = = [ w0t + i (12)
nv 0

with f both positive and negative, and it is always sym-
metrical around zero frequency or dc. The expression
for the amplitude of a single beat frequency component
at the frequency f,—f. is
et F1<%; 1; — —IY—'>

Aan

N T W.
oC,C. :
= '\— e Wil — 3yh). (13)

A, is plotted versus y in Fig. 3.

A graphical Fourier analysis of A,. plotted versus
time over a period of the input modulation gives the
expansion

aC.C. T d
A fA—~:Lbo+ Zb,. cos (nw,.t—{-(),.)]. (14)

n=1

" V/8xll,

yese

wn 2

Fig. 3—Hypergeometric function used to obtain 4aa.

The corresponding noise spectrum, allowing both posi-
tive and negative frequencies, is’
b

wrm(f) = g’;[bﬂzwl(f) + i ;2 wl(f+ nf"l)]' (15)

nw=l
After summation, any portions of this spectrum at

negative frequencies may be reflected onto the positive

7 In cvaluating

1 o
wl) = - [ wyu( +Ndf
u/n 0
it must be noted that this expression gives only the low-frequency
output components. In treating square-law detection where double

frequency output terms occur, S. 0. Rice has used the convention
w(—f) =w(f) and evaluated the noise-to-noise output spectrum as

a? fuu(x)w(f— x)dx.

This convention is not used here,
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scale and added to any already at positive frequencies.
Similarly, the total output noise spectrum is the sum of
the spectra due to noise-to-noise and signal-to-noise
intermodulation.

wa(f) = win(f) + wan(f)- (16)

IV. Tue ToTaL OUTPUT SIGNAL AND NOISE

The preceding calculations, including the graphical
Fourier analyses, are only necessary if the spectral dis-
tribution of the signal and noise in the output is desired.
The total output signal and noise power for a sine-wave
signal input are functions of the ratio of total input
signal power to total input noise power only, provided
none of the output components are removed by filtering.
The total mean signal and noise power may be obtained
by taking the average of these expressions over a period
of the modulation for AN signal inputs. For signal,
this mean power output is

atW,

Ti=

[Fi—3; 1: — 3y — 1= (17)

T

‘The total output noise power due to signal-to-noise inter-
modulation is

a1V, .
IVan = y2 lFlz(%; 1; - %}'2), (18)
T
and due to noise-to-noise intermodulation is
atWy
Wan = 1F12(%; 1; — %yz)
87
ale,. IV:
= Wil Wa] 2 <——-> (19)
8 2,

In general, the mean power for the signal is not too
meaningful, since information is derived from the ac
components of the signal. For the noise, however, the
shape of the spectrum can be roughly estimated, and
the total noise power is a useful quantity.

V. SQUARE-LAW DETECTION

The same techniques are, of course, applicable to
square-law detection except that the analytic olution
is already known.® Given the square-law characteristic,

I= (20)

CYdVin2

aq = detector coefficient.

‘The output signal and noise can be expressed directly
in terms of the input signal and noise. Suppose the in-
put signal is given by

E;= V. [co + D ¢n cos (nwmt + 0,.)] cos wit,  (21)

ne=l

’ See Section 4.5 of footnote reference 3.
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and the input noisc power spectrum by w(f) again, then
the low-frequency output signal is simply,

V(1)

) 2
al,? [co + Z Cn COS (Nwmt + 0,.)] cos? w.!

nel

«© 2
jalV? [Co + D ¢ cos (nwmt + 0,.)]. (22)

ne1

‘The signal-to-noise intermodulation output spectrum is
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2. Either the output spectra or the total output noise
power, or both, may be derived.

3. The restrictions on the input signal and noise are
as follows:

(a) The signal is an AM wave.

(b) The ratio of input bandwidth to center frequency
is small.

(c¢) The noise is random.

w,.(f) = a?l’f[co"w(_f. +f)+ 2 ‘4 tulfe + 1+ nfa) + wiy + 1 — n_/',,,))]

nesl

g, G°
ol I:c(,"'w.(f) + Z 4- (w, () + ufa) + w.t!f

where f is both positive and negative.
If w(f) is symmetrical around the signal carrier fre.
quency, this expression is simply

o an
wln(f) = a2Vc2 l:cozwl(f) + Z _2_ w.(f+ nf,,.):l. (24)

ne=1l

Reflection onto the positive frequency scale is again
applicable after this summation. The noise-to-noise
power spectrum is also ’

wan(J) = a? f " w0 + f)an, (25)

—at

where f is both positive and negative, or w,,(f) is twice
as big as the above if f is positive only. The total output
noise power of both kinds is clearly

u'.,.=f ool f)df = 2a*W,1V, (26)

ll/’l n

- f wanl [)df

-oC

v x 2
a2[ / w()\)d)\J = a?ll’,?
Jo

where W, =average input signal power.

These expressions will be used to obtain a simplified
comparison of signal-to-noise ratios of gated, pulse-
modulated signals for square-law and linear detectors
in the next section. Let us, however, state the basic
conclusions of the preceding theoretical development at
this point.

Conclusions:

1. A general method has been presented for deter-
mining the output signal and noise of any nonlinear de-
vice, and in particular of an ideal linear detector, given
the solution when the input signal is a constant sine
wave.

a'-’f :/;nw()\)w()\ + f)d\df

(27)

]

(23)

”,m)):l

VI. A SimpLieD COMPARISON OF SQUARE-LAW AND
LINEAR DETECTORS FOR SIGNAL-TO-NoOISE RATIO

The preceding method for obtaining the total output
noise power for a linear or envelope detector and for a
square-law detector offers a simple basis for comparison
of these two types of detectors. The shape of the output
noise spectra for the two cases is different, but usually
not sufficiently different to produce any very large error
if the shapes are assumed to be the same. In this case
the total noise power output is the only possible vari-
able. For small amounts of sinusoidal modulation either
of a continuous carrier or of rectangular pulse signals,
the ratio of total signal power to total noise power in
the output for lincar and squarc-law detectors can be cal-
culated. The ratio of the output signal-to-noise ratios so
obtained is a good brasis for comparing the relative merits
of the two detectors for a variety of applications. This
calculation is made as follows:

A. Square-Law Detector

Let us consider cither an uninterrupted carrier or

rectangular pulses of the carrier frequency. The input
signal is then

I’:,‘ =

V. sin w,t during the pulses

= 0 otherwise. (28)

Let the pulses have a duty cvcle k£ =f,7 where
fr=pulse repetition frequency
T =pulselength
k=1 for the uninterrupted carrier,

and the pulses be surrounded by a gate ¢, in length
ky=fu,2k
k, =1 for the uninterrupted carrier.

The output signal is given by

Vo= aE? = 3aV,? during the pulses

0 otherwise. (29)
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Referring to (26) and (27), the total output noise power
s seen to be the sum of the following two quantities
W (30)

Wrm (31)

The ratio of total output signal-to-noise power may be
defined as

a®V2W .k
a’Watk,.

(%ay.z)zk

Wk, + WaVik] |k
a [ ¢ + ] _k_a + D

Ao?

A = (32)

where Ao is defined as No=3V.,2/ W,

peak input signal power

average input noise power before gating

If the pulses or the carrier is modulated sinusoidally at
a small percentage modulation the output signal is

Vo = 2aV,2(1 + a cos wat)? = 3aV.*(1 + 2a cos wid); (33)
the modulation frequency component of which is

Vom = aV,2a cos w,i

1a?V 402

V()m2

(34)
(35)

Hence, as far as the modulation frequency output is
concerned, the output signal-to-noise ratio (in power) is
2)\0202

ky
-;'i" 220

240t = (36)

No attempt is made here to evaluate the psycho-
logical phases of such problems as visual detection of
pulsed signals in the presence of noise. Signal-to-noise
intermodulation is lumped in as noise, which it most
assuredly is if any narrow-band filtering is used on the
output signal and noise.

B. Linear or Envelope Detector

The analogous expressions for the linear detector are
simply

V /‘/ B [ F ( 31 0 1| duri h
= ——— —_— ; . - — t
0 o | 2t 2 n) I uring the

pulses
(37)
V.t
2,
.2

a? %4
Wnn=_[kwn lF12<5; 1; —
8 2w

=0 otherwise.

az
Woe o RV, (;: 2 — (38)
87

)+(k,-—k)W..:| (39)

AL= 4[Fi(—3:1; =ng)—1]?

. - (40)
(—;ﬂ— 1) 42 F2(3; 15 —No)+ 2001 F12(35 25 — o)
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However, when a small sinusoidal modulation is applied,

the signal-to-noise ratio for the output modulation
component is not 2\ a%. In general, the output signal is

di,
ay (T) COS w,l,
Y

and the appropriate factor by which to multiply the
ratio /N, is

N 2[ dI,:r 1
a —_——— ——
2 Yy dy] Vo
y d
— [WF1(—%:

-1 [
WFi(—%: 1 —3y)—14dy

2(1

1; —%yz)]]2
=%az<y -;—ylog [Fi(—%: 1 —%yz)—ll)2

=l122)\02 [i— lOg l]Fl('—l' 1; —)\o)'—1]:|2
'dxo 2 * :

=20?P, (41)

By definition

P2

d 2
)\02[5;' lOg, (1F1('— %; 1; — )\o) - 1)] . (42)

For some applications where the total energy in the pulse
is of most importance, the ratio Az/\, itself is the most
accurate basis of comparison for the two detectors. How-
ever, when the modulation frequency component is the
desired or useful output, the ratio AN/, P? gives a better
measure of the relative merits of square-law and linear
detection. In Fig. 4 Ap/\, is plotted versus Ao, and in

. _y -eATEuoTH |
i* 2 E;' i TR0

g o TEAN BIPUT BICKAL POWER
0 “AVERAGE IMPUT NHOISE FOWTR zunal GATING

4—Ratio of S/N ratio obtained from a linear and from a

Fig.
ideal rectangular pulses at the input

square-law detector }Vith
versus input S/N ratio.

Fig. 5 the ratio No/NJFP? is plotted versus No. In both
cases v =1 corresponds to the uninterrupted but modu-
lated carrier. Several somewhat startling and very im-
portant conclusions are to be derived from these results.
Note that in both cases the linear detector always gives
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a higher output signal-to-noise ratio than the square-
law detector for equal pulse and gate widths, or for the
uninterrupted carrier. This result is in direct contrast
to many well-known proofs that the square-law detector
is optimum, regarding signal-to-noise ratio. The reason
for this discrepancy is easily explained, however. First
of all the series expansions for the hypergeometric func-
tions show clearly that at very low signal-to-noise ratios

o " ]
T o o B . =)
|
Tt
et e /\ o
Ro e ———"
e e e NI
| \JV“
V:!! =g - care motn
¢ KT Teulst cewaTn
V21 POA AN UNINTEARUPTEO CARRIEA I
o
| Te——vzio
= 02 [ o 0 20
w PEAM INPUT  SICNAL POWER
N 2ean_InpuT $1C , . -
o° W{' AVERAGE 1N PUT NOISE POWLA (BEFORE GATING J
o . —

Fig. S—Ratio of output S/N ratios from a linear and from a square
Jaw detector for modulated pulses or carrier when the useful
signal is the output at the modulation frequency only.

the output of the linear detector is the same as the out-
put of a square-law detector in signal-to-noise ratio,
for at very low signal-to-noise ratios

W, 1w,
I, — I+ = +---—1]
a1/ Ir [ 2 W,
W, %
NG =1
"W il (44
nn d
87 )
I, W,
W, M2 - W, . (43)

This result is identical to that obtained for a square-
law detector. Naturally, signal-to-noise intermodulation
is ignored at very low signal-to-noise ratios since noise-
to-noise intermodulation is much larger. It is preciselv
because signal-to-noise intermodulation is ignored in
these general proofs alluded to above that the results
shown here are in contrast to them.

The reason for better signal-to-noise ratios from the
linear detector is that the signal-to-noise intermodula-
tion is of greater magnitude in the square-law detector
than in the linear detector near unity signal-to-noise
ratio, where it is beginning ta be of importance. At very
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high signal-to-noise ratios also the two detectors give
the same output modulation frequency signal-to-noise

ratio, for at very high signal-to-noise ratios the linear

detector gives,

2W, aV,
/.——>a\ =— (46)
T T
oV,
W, —— (47)
T
/ W,
D (48
", ‘ 210, )

whereas the square-law detector gives \/1¥,/21¥, as (22)
and (26) show. However, when small percentage modu-
lations about the mean value of input are considered,
the square-law detector doubles the percentage modula-
tion in the output, whercas the linear detector is linear
at high signal-to-noise ratios in this respect. Thus, the
factor of two above is cancelled out, and the two de-
tectors give identical output signal-to-noise ratios for
the output modulation.

Finally, let us note the serious decrease in per-
formance of the linear detector in the case of modu-
lated pulses with very large gates regarding the output
modulation frequency signal-to-noise ratio. The ex-
planation of this result is likewise simple. As Fig. 3
shows, the signal suppresses the noise when it is large
relative to the noise in the linear detector. During a wide
gate, the signal is on only a small fraction of the time
and most of the noise is not suppresscd—the noise-to-
noise intermodulation noise, that is. For these cases the
linear detector is definitely inferior to the square-law
detector. Experimental work in the Electronics De-
partment of the Hughes Aircraft Company has shown
excellent agreement with the theory presented here, and
has clearly demonstrated the inaccuracies resulting from
applying square-law theory to many calculations on
circuits using linear detectors.

APPENDIX I
RELATIONS BETWEEN THE CONFLUENT 11YPERGEO-
METRIC FUNCTIONS AND BEssiL FUNCTIONS

I'he expansions of the three confluent hypergeometric
functions used in this paper in terms of imaginary
Bessel functions are given below:

WFi(— 3515 — x)

s x X 3
sl rnG)ralD)]
11"1(%;22 —-")’—“C’?[lo(;)‘*‘ll(;)] (50)
Fa(ii 1 — ) = 8"'”’0( ;) (51)
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A Video-Frequency Noise-Spectrum Analyzer®
PHILIP S. JASTRAMTY, MEMBER, IRE, AND GORDON P. McCOUCH], ASSOCIATE, IRE

Summary—A wave analyzer capable of measuring noise spectra
in the video-frequency range is described. Part I of the paper dis-
cusses requirements in noise-analyzer design. Part II is a de-
tailed description of a practical instrument.

A frequency range of 50 kc to 10 Mc is covered, without band-
switching, at virtually constant sensitivity. The width of the ana-
lyzing pass band, 33 kc, remains constant over the measuring range.
The lowest spectral level that can be measured is 7 microvolts per
root kilocycle.

INTRODUCTION

( i\ER'I‘AlN PROPERTIES of noise which have a
direct bearing on the design of a noise-spectrum
analyzer are found to differ eonsiderably from

those of periodic signals.*~" The first section of the

present paper is devoted to a discussion of some of
these properties and the requirements which the
analyzer must fulfill. The relative advantages, in noise
applications, of the tuned-circuit and the heterodyne
methods of frequency analysis are compared; the
heterodyne proves to be preferable. In Part 11, a prac-
tical instrument is described. 4

) PART I
\EASUREMENT OF NOISE SPECTRA
1. Basic Considerations

A wave analyzer should meet the following general
conditions:

1. Adequate frequency coverage with maximum
simplicity of tuning and stability.

2. Adequate sensitivity, approximately the same at
all frequencies to be measured, with good gain stability.

3. Definition and identification of the measured fre-
quency band.

4. Wide dynamic operating range.

* Decimal classification: R273.1. Original manuscript received by
the Institute October 5, 1948; revised manuscript received, March 15,
1949. This paper is based on work done for the Office of Scientific
Research and Development under Contract OFEMsr-411 with the
President and Fellows of Harvard College.

t Formerly, Radio Research Laboratory, Harvard University,
Cambridge, Mass.; now, Washingion University, St. Louis, Mo.

t Formerly, Radio Research Laporatory, Harvard University,
Cambridge, Mass.; now, Aircraft Radio Corp., Boonton, N. J.

1 J. B. Johnson, “The Schottky effect in low-frequency circuits,”
Phys. Rev., vol. 26, July, 1925.

2 §, B. Johnson, “Thermal agitation of electricity in conductors,”
Phys. Rev., vol. 32, pp. 97-109; July, 1928.

3 F. B. Llewellyn, “A study of noise in vacuum tubes and at-
ﬁ:;(\:}l(\)ed circuits,” Proc. L.LR.E., vol. 18, pp. 243-265; February,

¢ G. L. Pearson, “Fluctuation noise in vacuum tubes,” Bell Sys.
Tech. Jour., vol. 13, pp. 634-653; October, 1934,

s V. D. Landon, “A study of the characteristics of noise,” Proc.
I.R.E., vol. 24, pp. 1514-1521; November, 1936.

¢ C. J. Jansky, “An experimental investigation of the characteris-
tics of certain types of noise,” Proc. I.R.E., vol. 27, pp. 763-768;
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7V. P, Landon, “Distribution of amplitude with time in fluctua-
tion noise,” Proc. I.R.E., vol. 29, pp. 50-55; February, 1941.

5. Suppression, or at least accurate evaluation, of
errors.

The frequency distribution of a given signal is experi-
mentally determined by passing the signal through a
circuit whose response is confined to a narrow band of
frequencies, and then examining the result. The band
must be movable over the frequency range to be meas-
ured. A periodic signal yields a set of sinusoidal com-
ponents, harmonically related in frequency, each having
definite amplitude and phase.

For a nonperiodic function, such as random noise, no
single sinusoidal component can be isolated. The output
of the filter retains the erratic behavior of noise, no
matter how narrow the pass band is made. While, for
the periodic case, the mean-square amplitude of an iso-
lated component is independent of the bandwidth of the
filter, for noise the mean-square value of the filter output
approaches, as the bandwidth is decreased, direct pro-
portionality to the bandwidth.

11. Analytical Representation of Noise Spectra

These experimental facts imply that it is possible to
express the time-average frequency distribution of a
noise signal by a continuous function y(f), which can
be so chosen that the mean-square value associated
with that part of the spectrum lying between any two
frequencies a and b is given by

[E*(a, B) o = f Y(1)df. (1)

The time over which the average is taken is required
to be large compared to a~! and (b —a)~'. The definition

of ¥*(f) is

lim (B, 8 v (2)
aJ—0 Af

yif) =
where [EX(f, Af)Jav is the mean-square value of those
components lying in a band of width Af and of center
frequency f. Again the time over which the average is
taken must be large compared with f~! and (Af)~'. The
function y*(f) is the mean-square spectrum (or power
spectrum) of the noise signal e; it is a continuous func-
tion of frequency. If the noise signal consists of a volt-
age-time function, then y2(f) has the units volts-squared-
per-unit-frequency. In studying the frequency distribu-
tion of various noise sources, the rms spectrum y(f)
(referred to as the spectral level at frequency f) is of
interest. Its measurement at a single, sharply defined
frequency is an unattainable idealization, since the
measuring bandwidth is necessarily finite.
The spectrum defined contains no quantity com-
parable to phase in the periodic case; our representation
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is analogous to the power spectrum, consisting of the
squares of the amplitudes.

I11. Integrated Response of Circuits to Noise?

We shall consider below a parameter called the “inte-
grated response” of a circuit to noise. We proceed as
follows: The mean-square value of the output of a cir-
cuit of amplitude response m(f) to which noise having
spectral level y(f) is applied is, from (1),

L O 3)
<0

Suppose that m has an appreciable value only within
a certain range of frequencies. If the input spectrum is
of constant’ level y. over this range,

[mh=nﬁ'wmﬁ @)

0

The integrated response M of the circuit is defined as

M=Vq?;6; (s)

This quantity relates the rms value of the output noise
to the input spectral level, provided the latter is con-
stant over the pass band of the circuit:

E=My. ) (6)

M may be calculated from (5). The integral may be
computed when the analytic form of m(f) is known, or
it may be evaluated graphically from sine-wave de-
terminations of m(f). The value of Af, together with
a measurement of E, permits calculation of y.. This is
the basis for design of a noise-spectrum analyzer.

IV. Errors Due to Finite Bandwidth of Filter

If noise is applied to a narrow-band-pass filter, then
the rms output of the filter, together with the integrated
response of the filter, gives approximately the spectral
level at the center frequency of the filter

_ E
Yo = A_{. + 6(}’, m) (7)

The error € is a function of the filter characteristic and
that part of the spectral distribution which lies within
the pass band of the filter. Two theorems concerning this
error, which have some practical importance, are as
follows:

1. For a filter amplitude response that is symmetric
about a frequency fo, only the even derivatives of y(f)
computed at f, contribute to the error.

2. The error may be attributed to an error in the fre-
quency at which the spectral level is measured; this er-
ror in frequency is always smaller than the filter pass
band, and, for a symmetric characteristic, is smaller
than half the pass band:

E
y(f) = v [ /1 = fo| < pass band. (8)
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These theorems depend on the continuity of the noise
spectrum; they fail, for example, if a periodic com-
ponent lies within the pass band.

The narrower the pass band, the more accurate the
measurement of the spectrum. The width of the pass
band has a lower limit, set by one or the other of two
considerations: sensitivity, and meter fluctuations. The
effective noise sensitivity of a filter is proportional to
the square root of its bandwidth. More restrictive are
fluctuations in the filter output. We may represent the
noise output of a narrow filter as a sine wave, the
amplitude of which varies in a random manner with

time:

e = R(!) sin 2 fyl. (9)

The frequency fo is the center frequency of the filter,
and the envelope R(!) consists of noise having frequency
components between zero and one-half the bandwidth
of the filter. These low-frequency components cause ob-
jectionable fluctuations in the final measuring circuit.
The narrower the filter, the more prominent are the
lower frequencies in the spectrum of R(¢), and the
greater the corresponding time required to obtain a
measurement of prescribed accuracy.

The problem of measuring noise spectra is seen to
reduce essentially to the design of a band-pass filter of
variable center frequency, with band pass narrow
enough to yield accurate measurements, but wide
enough to satisfy practical requirements of sensitivity
and reasonable time constants.

V. Basic Circuits

Three fundamental circuits are available to meet the
problem: the resonant inductance-capacitance-resist-
ance circuit,® the selective feedback-amplifier circuit
employing a bridged-T or twin 7,2 and the heterodyne
circuit.'2-18

A high-selectivity inductance-capacitance resonant
circuit satisfies conditions 3, 4, and 5. The measured
frequency band is uniquely determined, the dynamic
range of the input is restricted only to amplitudes for
which the circuit components remain linear, and the
response of the circuit to noise can be accurately calcu-

* C. R. Moore and R. L. \We el, “An electrical frequency an-

alyz’er.” Bell Sys. Tech. Jour., volg 3. pp. 299-323; Oclo(l])er, 1924,
. I:. H. Scott, “A new type of seleciive circuit and some applica-
tlonli, Proc. L.R.E., vol. 26, Pp. 226-235; February, 1938.

H. H. Scott, “An analvzer for noise measurement,” Gen. Rad.
Exj:ler., vol. 13, pp. 6-12; February, 1939,

H. H. Scott, “The noise primer: Part VI—Analysis of noise,”
Genl.2 Rad. Exper., vol. 17, pp. 1-4; April, 1943,

C. R. Mq,ore and A. S. Curtis, “An analyzer for the voice-fre-
(llgg;\cy range,” Bell Sys. Tech. Jour., vol, 6, pp. 217-229; April,

13 “ .
S i T . S i vovs” Bl
L R
featll.nr‘gs,")’e?:rns.0 nRa‘:i'I.‘ hl:;a;p(;er;.;‘ vol. 13, pp.a;,—e‘?;a ‘Seééf,rt;soﬁgs? its
Gen. Rad. Exper., vol. 18, pp. 1-4; January 1654 > “2Ve analyzer.”
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ated from sine-wave calibration. For either series or
yarallel circuits, however, conditions 1 and 2 are ex-
rremely difficult to satisfy simultaneously.

The bridged-T circuit, being a null-transmission ar-
-angement, must be employed as a feedback element in
1 high-gain amplifier. For the frequency range under
-onsideration, this method is difficult to apply.

‘The heterodyne circuit shown in Fig. 1 can easily be
made to satisfy conditions 1 and 2 over very wide fre-

i

o a m b cda-d
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I —_—
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124

FREQUENCY

Fig. 1—Arrangement of frequencies in heterodvne circuit. The range
to be investigated is ab. The measured band m consists of the
input frequencies which, combining with the local oscillator, form

difference frequency-modulation products lying in the inter-
mediate-frequency band. .

quency ranges. By suitable care in design, adequate per-
formance with regard to conditions 3, 4, and 5 may be
secured. The heterodyne system has the advantage that
the width and character of the measured band are not
functions of the center frequency. The ultimate meas-
uring bandwidth is determined at audio frequency,
where characteristics are readily controlled. Variations
of the integrated noise gain with frequency depend
only on the frequency response of the first modulator
and the input filter.”

V1. Considerations Pertinent to the Ileterodyne Circuil

(a) Frequency Identification. The identification of the
measured band is evident from consideration of Fig. 1.
The intermediate-frequency band is placed between the
range to be measured and the local oscillator funda-
mental, and certain of the input signal components, as
shown, lie within the intermediate-frequency band. To
insure that only frequencies below the intermediate
frequency are measured, a low-pass filter designed to
cut off slightly below the intermediate frequency is in-
serted ahead of the first modulator. The measured
components are then uniquely determined, and all other
possible primary modulation components are sup-
pressed. Under certain conditions, secondary products
due to frequency components outside the band under
scrutiny may cause errors in measurement. This
method, using simple difference-frequency components,
permits mecasurement of the entire range from near zero
frequency up to the intermediate-frequency band by
tuning the local oscillator over a frequency ratio of only
2to 1.

(b) Effect of Internal Interference on Sensitivity. The
maximum sensitivity that may be obtained is intimately
connected with the interference that originates within
the instrument. This interference may be periodic, or
random, or both.

~ The effectiveness of the interference in obscuring the
signal depends considerably on the output-circuit de-
sign. The choice of the final meter circuit lics essentially
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between the linear rectifier and the quadratic recti-
fier.”-19 When the signal is smaller than the interfer-
ence, it is more completely obscured in the response of
the linear rectifier than in the quadratic rectifier; also,
the relation between the signal and the indication is
more complicated. In the square-law circuit, the average
output is just the sum of the mean-square values of the
signal and interference. By use of a suitable bridge cir-
cuit, it is possible to cancel out the average effect of the
interference, and leave a response due entirely to the
signal. This cannot be done conveniently with a linear
rectifier when the signal is smaller than the interference.
Partially, in consequence of these considerations, the
quadratic bridge circuit was adopted in the practical
design.

There is a limit to the canceling-out process because
of the fact that all amplifier stages must handle the
entire interference-plus-signal amplitude, prior to can-
cellation, with linearity. As the signal becomes smaller
this amplitude becomes larger, to produce sufficient
output from the signal to actuate the meter circuit.
Eventually, some stage will be overdriven because of
the amplitude of the interference alone. If the signal and
interference are both noise, then the least measurable
signal level is independent of the analyzer bandwidth.
When the minimum measurable output voltage & is
small compared with the overdrive voltage a, then the
least measurable level is proportional to b/a.

A second limitation is associated with fluctuations of
the output indicator due to interference of the random
variety and to the random nature of the noise signal
under observation. Such fluctuation may be reduced by
use of a large time constant in the meter circuit. A
compromise is necessary, however, as the time constant
is limited by the practical consideration of the time re-
quired to obtain a reading, and ultimately by the rate
at which the over-all sensitivity of the analyzer drifts.
In the instrument as constructed, signals 6 db below
the interference level could be accurately measured.

(c) Errors Due to Nonlinearity. The entire spectrum of
the input signal which falls within the frequency range
to be investigated is applied to the input of the first
modulator. Thus the total signal at the first modulator
may be many times larger than that portion of it which
is effective in giving a measurement of the spectral
level at any specific center frequency. In some cases, the
resulting signal may be large enough to produce ap-
preciable secondary modulation products in addition to
the desired primary ones. In extreme cases, the signal
may be large enough to cause overload of the modu-
lator, with consequent reduction of the over-all gain of
the analyzer. Simple broad filters of low attenuation

1, R. Ragazzini, “The effect of fluctuation voltages on the
linear detector,” Proc. I.R.E., vol. 30, pp. 277-288; June, 1942,

18 W. R. Bennett, “Response of a linear rectifier to signal and
noise,” Bell Svs. Tech. Jour., vol. 23, pp. 97-113; January, 1944,

19'N, Middleton, “The response of biased saturated linear and
quadratic rectifiers to random noise,” Jour. Appl. Phys., vol. 17,
pp. 778-801; October, 1946.
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placed ahead of the first modulator!® will minimize this
by restricting the signal to the frequency band of inter-
est at the moment. An important measure to reduce the
significance of these effects is the introduction of at-
tenuation ahecad of the first modulator.'? It is preferable
to insert all attenuation at this point and operate subse-
quent amplifiers at full gain.

The error in measurement introduced by the pres-
ence of sccondary modulation products is significant
when dealing with portions of a spectrum which are
considerably lower than the rest, such as narrow, deep
holes, and the cutoff region of a sharp-cutoff filter. It is
frequently found that the hole, as measured, appears
narrower and less deep for noise than for sine waves. This
effect is explained by the fact that, along with the pri-
mary modulation products, there is always a set of sec-
ondary products, consisting of noisc components heating
with each other and somectimes also subsequently with
the local oscillator. These secondary products arise from
frequencies outside the band nominally under measure-
ment; they lie within the intermediate-frequency pass
band and are indistinguishable from the primary ones.
When the frequency region being measured has about
the same amplitude as the rest of the spectrum, the
secondary products are always drowned out by the
primary ones; however, at a hole in the spectrum, the
primary products may be so reduced as to be smdll com-
pared with the secondary products. The reading then
will be too large, and the hole will appear to be filled
in; the deeper and narrower the hole, the smaller the
primary components, and the larger the region which
contributes secondary components. This same effect
at the edge of a band-pass filter makes the noise appear
to spill over outside the filter sine-wave characteristic.
This type of error, caused by signal components outside
the nominal measurement band, can be completely
climinated only by suppressing the extrancous frequen-
cies with a band-pass filter preceding the first modula-
tor. It can be minimized by careful choice of circuit and
operating conditions. Furthermore, it can readily be de-
tected by introducing additional attenuation ahcad of
the first modulator. If second- and higher-order prod-
ucts are of significant magnitude, the output of the ana-
lyzer will fall off more rapidly than the added attenua-
tion would justify.

A somewhat different type of error is introduced when
overload conditions occur. The over-all analvzer gain
having been reduced by the overloading, peaks in the
spectrum will be flattened out, and will appear to be of
smaller amplitude than they really are. Actually, all
parts of the spectrum would appear to be of lower than
true amplitude, but, except at the peaks, there is an ex-
cellent chance that the extrancous secondary products
discussed above will contribute so much energy to the
band under measurement that the effect of gain reduc-
tion due to overload will not be very marked. Overload
occurs only for larger amplitudes than those which pro-
duce objectionable secondary products. Hence, the net
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result of overload is to flatten out a spectrum containing
peaks and holes. Overload can easily be detected, since
it results in a nonlincar relationship between the input
attenuator setting and the output reading. In this case,
the output will decrease less rapidly than added attenua-
tion at the input would justify.

If the signal mean-square voltage /22 is greater than
the maximum allowable mean-square voltage En?2 which
may be applied to the modulator, then only the fraction
En/E, of the signal amplitude /2, can be applied to the
first modulator. The expression for the minimum meas-
urable signal amplitude is higher than before by the fac-
tor £,/E.. 1t should be noted that L, is dependent on
the noise spectrum of the signal.

(d) Dynamic Range. The dynamic range of an instru-
ment refers to the range of input amplitudes over which
it may be used. The dynamic range may be extended
indefinitely in the direction of large amplitudes by in-
creasing the available attenuation ahead of the first
modulator; in the other direction, little increase of sen-
sitivity is gained by the use of untuned preamplifiers:
The noise in the first modulator, which is the principal
source of interference originating within the instrument,
is only slightly above that of an amplifier stage, pro-
vided the modulator has been carefully designed. As we
have seen, the range of spectral levels which can be
measured in any particular case depends greatly on the
nature of the signal. If large variations in level over the
spectrum are present, removal of suthcient attenuation
to permit measurement of the low-level portions may
result in overdrive of the first modulator. A high peak-to
to-rms ratio leads to overdrive at lower spectral levels
than a low ratio. \Whenever the level of the secondary
products that lie in the intermediate-frequency - pass
band becomes comparable to that due to the primary
components, scrious errors will occur in the measure-
ment. The significant quantity remains the minimum
accurately measurable level, which can be computed
from the effective peak-to-rms ratio of the signal, the
maximum allowable input to the first modulator, and
the maximum analyzer gain.

V1L Summary

The foregoing comparison bhetween the heterodyne
and tuned-circuit methods of noise-spectrum analysis
may be summarized as follows: the heterodyne method
is greatly superior for obtaining wide frequency cover-
age at constant sensitivity and with simplicity of tun-
ing. It is inferior in dynamic operating range and in the
suppression of errors, but design procedures giving satis-
factory performance with respect to these qualities can
be worked out. The tuned circuit has the disadvantage
that the entire amplifying and measuring svstem must
be designed to operate at all frequencies in the range to
be measured. In the heterodyne system, all circuits after
the first modulator operate over fixed, narrow frequency
bands. For the present purpose, the heterodyne circuit
is decidedly preferable. '
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Fig. 2 Front-panel view of the video-frequency noise-spectrum
analyzer.

PART 11
CircuIT 1)ESIGN

In this section the circuits of the practical instrument
shown in Fig. 2 are discussed in the order of their ap-
pearance on the block diagram, Fig. 3.

AUDI0 a0 | o 0TER| | pereq |

g FILTERS AMPLFIER BADGE |

Fig. 3—Block diagram of the video-frequency noise-spectrum
analyzer.

1. Cathode- Follower Input Probe

A cathode-follower input probe is used to provide a
high input impedance to the analyzer while giving the
wide-band (100 kc to 10 Mc) impedance transformation
necessary to drive the input circuit. The input circuit
includes a transmission line from the probe, an attenua-
tor, and a filter, all of which are necessarily of low char-

~ acteristic impedance in view of the frequency range.

All circuits ahead of the first modulator must handle
the voltage which corresponds to the entire spectrum of

the source, at least up to 10 Mc. A noise signal 10 Mc
wide of uniform level 0.1 volt per root kc has an rms
value of 10 volts, and may have an effective peak value
of 20 or 25 volts in the case of Gaussian noise.” In Part 1
it was shown that, given optimum design at subsequent
circuits, the larger the nonoverdriving voltage which can
be applied to the modulator, the lower the minimum
measurable spectral level. The input probe should ac-
cordingly be designed not to overload at a lower voltage
than the first modulator. In the instrument developed,
the 6Y6G cathode follower handles 6 volts peak-to-peak
at the input, driving a 100-ohm load with a voltage am-
plification of 0.3. The input capacitance is about 11
uuf, and the input resistance is greater than 0.1 megohm.
‘The cathode follower is built into a probe unit which
may be brought into close physical proximity of the
source of signal being measured.

11. IHigh-Frequency Attenuator

The high-frequency attenuator is an integral part of
the measuring system of the analyzer. Readings are
taken by setting this attenuator so that the output
meter indicates some standard value. The analyzer gain
may be so adjusted that the loss introduced by the at-
tenuator gives the input spectral level directly in deci-
bels above a suitable arbitrary level. Location of the
attenuator ahcad of the first modulator provides the
greatest possible dynamic operating range, but involves
the difficulty of covering a wide band of frequencies. The
attenuator is designed to provide a range of 70-db in 1-
db steps at an impedance level of 100 ohms; there is
negligible frequency discrimination up to 10 Mec.

The scveral sections consist of pi networks, individu-
ally shielded, each being controlled by a toggle switch.
By connecting composition resistors directly to the lugs
of the switches and soldering the returns securely to a
heavy copper base plate, inductance and common-path
effects were readily overcome.

111. Balanced Modulator

A balanced modulator (Fig. 4) is used as a mixer in
order to permit measurement at such low frequencies
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Fig. +—Balanced-modulator schematic diagram.

that the local oscillator falls within the pass band of the
intermediate-frequency amplifier. The balanced modu-
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lator prevents the carrier of the local oscillator from ap-
pearing in the modulator output and overloading the
intermediate-frequency amplifier.

Before being applied to the balanced modulator, the
signal must be passed through a low-pass filter to pre-
vent components at frequencies in the intermediate-
frequency band or at image frequencies from contribut-
ing to the output of the modulator. The integrated
response of the filter in the intermediate-frequency band
of frequencies is about 100 db below the pass band. The
filter response is flat within 1 db up to 9.3 Mc.

A signal balanced to ground for application to the
balanced modulator is obtained by passing the output of
the low-pass filter through a phase splitter (V, of Fig.
4). The difference in output impedance of the plate and
cathode circuits (the latter, effectively a cathode fol-
lower, has a much lower impedance) results in difficult
and critical balance of the modulator input circuits if
the phase splitter is coupled directly to the modulator.
The difficulties appear to be due to space-charge cou-
pling?® between the No. 1 and No. 3 grids of the 6SA7
converter tubes. The addition of an extra cathode fol-
lower (V, of Fig. 4), between the plate circuit of the
phase splitter and the appropriate modulator grid,
eliminates the nced for necutralization of the space-
charge coupling, and gives satisfactory operation.

In the design of the modulator circuit, 6SA7 penta-
grid converter tubes (V5 and V, in Fig. 4) are used to
facilitate isolation of the signal circuits from the local
oscillator. Mcans are provided for balancing both phase
and amplitude. Amplitude balance is accomplished by
means of a capacitance voltage divider which controls
the relative proportion of the local-oscillator carrier fed
to each converter tube. The phasing is done by means
of a balancing capacitor across the output tank circuit.
Both coarse and fine controls are provided for both am-
plitude and phase balancing.

Although exact settings of the balancing controls for
optimum suppression of the carrier depend slightly on
the frequency of the local oscillator, usually the balance
obtained at some frequency in the neighborhood of 50
kc holds adequately over the entire range. Balancing is
not required at all for rearings at frequencies ahove 500
ke.

Provided the local-oscillator output remains reasona-
bly constant over the tuning range, the modulator con-
version gain is not dependent on frequency. The com-
plete balanced modulator circuit is found to have a con-
stant conversion gain from 10 cps to 10 Mc. Thus, with
input circuits flat over the range to be measured, it is
possible to recalize essentially constant sensitivity.

IV. Variable-Frequency Local Oscillator
The chief requirements in the design of the local os-

cillator (Fig. 5) are frequency stability and constancy

® F. L. Smith, “The Radiotron Designer's Handbook,” The
Wireless Press, Sydney, Australia, 3rd edition, 1941; chap. 15, pp.
103-104.
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of output over the tuning range. Stability is particularly
important at the low-frequency end, since a small drift
in oscillator frequency produces a large fractional chang-
in the frequency of the band being measured.
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Fig. 5—Variable-frequency local oscillator schematic diagram.

Constancy of output over the tuning range is needed *
because, even with optimal choice of oscillator drive for
the mixer tubes, the conversion transconductance of the
latter varies with oscillator voltage. It was found that-a
typical grounded-plate Hartley oscillator operating be-
tween 10 and 20 Mc delivered approximately twice the
voltage output at the high-frequency as at the low-fre-
quency limit. A frequency-sensitive degenerative feed-
hack network (Cy, Cs, and R, of Fig. 5) is added to make
the output substantially constant over the band. By ad-
justment of C,, the outputs can be made equal at any
sclected pair of high and low frequencies. By this means,
a deviation of less than 1 db can be procured over the
entire tuning range. The resistor R, acts both as part of
the feedback circuit and also as the bias resistor for the
oscillator.

It is necessary to shield the oscillator unit carefully
and by-pass all power leads, including the heaters, thor-
oughly, in order to prevent undesired coupling with the
rest of the instrument.

V. Intermediate- Frequency Circuits

The intermediate-frequency amplifier employs two
transformer-coupled stages giving a gain of 60 db at the
center frequency of 9,875 ke.

The second modulator employs a 6SA7 pentagrid €
converter tube, with capacitance necutralization of the
space-charge coupling between the oscillator and signal
grids to prevent crystal oscillator voltage from appear-
ing on the signal grid. A voltmeter may be switched to
measure the bias on cither grid. The bias on the oscilla-
tor grid is a measure of the drive secured from the crys-
tal oscillator. The direct voltage developed by the signal
grid is a useful preliminary indication of unbalance in
the first modulator.

The crystal oscillator operates at 9,875 kc, the center
of the intermediate-frequcncy-ampliﬁer pass band. Thus
frequencies both above and below this are converted to
audio frequency in the mixer.

—
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V1. Audio Circuit

The audio circuit comprises a set of low-pass filters,
an attenuator, an amplifier, and a square-law meter
circuit.

The width of the sample of the input-signal spectrum
which is measured is determined by the low-pass filter
between the second modulator and the audio-frequency
amplifier. The sample is just twice the bandwidth of the
filter. Provision of a choice of several filters having dif-
ferent cutoff frequencies. specifically, 5 and 15 ke, per-
mits the sample bandwidth to be varied.

A conventional amplifier employing two 6S]J7 pen-
todes in cascade to feed a 6]5 triode output stage pro-
vides the necessary audio-frequency amplification.

An attenuator providing up to 30 db loss in three 10-
db steps is used as an auxiliary to the main video-fre-
quency attenuator. A continuous gain control permits
adjustment of the over-all sensitivity of the instrument
to a predetermined standard calibration value.

The output indicator circuit consists of a thermistor
bridge.?* This has several advantages. It exhibits an
accurately quadratic characteristic, high sensitivity,
and tolerance of severe overload, and it maintains con-
stant sensitivity over extended periods of use. Further,
the bridge circuit can be rebalanced without affecting
the sensitivity, so that the average effects of interference
arising within the analyzer are suppressed. The ther-
mistor arms of the bridge circuit are mounted within a
temperature-controlled box in order to eliminate the ef-
fects of changes in the ambient temperature. The use of
two thermistors permits cancellation of the effect of the
small temperature changes which occur in the box due
to lag in the thermostat response. Only one thermistor
receives the signal to be measured.

A useful range of 10 db may be covered by the indicat-
ing scale. An input power of about 2 milliwatts will pro-
vide full-scale deflection of the meter. This power is
readily supplied by the 6]5 final audio-amplifier tube
with an excellent reserve capability for handling peaks.
It is evident that any interference voltage present,
whether originating internally or externally, may be
combined with the direct current in the measuring ther-
mistor to obtain the original bridge balauce. The addi-
tion of signal, even if considerably weaker than the in-
terference, then produces a reading. The effect of in-
terference evidently cannot be suppressed if, at an ear-
lier point in the analyzer, it and the desired signal inter-
modulate.

n [ A, Becker, C. B. Green, and G. L. Pearson, “Properties and
uses of thermistors,” Bell Sys. Tech. Jour., vol. 26, pp. 170-212:
January, 1947.
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VI11. Conclusion

The experience gained with two models of the video-
frequency spectrum analyzer has shown that the instru-
ment has a maximum sensitivity of 7 microvolts per root
kilocycle with high impedance input. The sensitivity is
constant to +0.5 db over the range 50 kc to 9.3 Mc. The
internal noise level, referred to the modulator input, is
5 microvolts per root kilocycle, or 15 microvolts per root
kilocycle referred to the cathode-follower input.

The attenuators permit measurements over a wide
range of signal-input levels, while the probe input per-
mits these to be made with little disturbance of the sig-
nal source under investigation. The range of levels which
the instrument will measure has a minimum set by the
sensitivity, and a maximum determined by the voltage
at which intermodulation begins. The maximum tolera-
ble input is determined in terms of the effective peak
voltage applied to the input circuit. Hence, the wave
form and frequency distribution will affect the spectral
level at which intermodulation occurs. It may occur that
components in a remote part of the spectrum will over-
drive the input before those under consideration can be
measured, even though the latter be above the thresh-
old level. If a noise signal is connected of which the
effective peak value is four times its rms value and the
spectrum is flat out to and negligible above 10 Mc, the
greatest measurable spectral level is 7.5 millivolts per
root kilocycle.

As long as the principal modulation products of the
balanced modulator are the result of the signal noise
components beating with the local oscillator, and not
with each other, holes in the spectrum will be accurately
measured: if a hole is narrow and deep, however, sec-
ondary-modulation products, consisting of difference
frequencies between noise components beating with the
local oscillator or of sum frequencies, may be sufficient
to make the hole appear considerably filled in. No cor-
responding difficulty appears with peaks, for which sec-
ond-order effects are always negligible. The presence of
peaks may, however, interfere with measurements else-
where in the spectrum.

The analyzer is not designed to measure signals with
wave forms having large peak-to-rms ratios, such as ra-
dar pulses.

The exceptional tuning range without bandswitching
and with constant sensitivity simplifies the use of the
analyzer markedly. The method of determining band-
width gives an almost ideal square-topped characteristic
whose width is accurately known. If desired, sclection be-
tween several such widths is possible. The output meas-
uring circuit is simple, reliable, and rugged.
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Terminal Impedance and Generahized
“ y o . 1 ¥
Two-Wire-1.ine Theory

RONOLD KINGY, sENIOR MEMBER, 1RE, AND K. TOMIVASUT, MiMBER, 1RL

Summary—Conventional transmission-line theory takes no ac-
count of variations in the parameters of the line and of coupling near a
terminating impedor, or near any other change in its uniform proper-
ties. A theory is derived which substitutes for these effects a simple
terminal-zone network of lumped series and shunt elements which
may be evaluated for each type of termination or discontinuity. The
apparent terminal impedance 7., (which is the impedance actually
measured on a lossless line at a distance \/2 from the termination)
consists of this network in combination with the theoretical, isolated
impedance, Z,, of the load. Z,, for a fixed termination with a given 7,
may vary greatly with the nature of the connection to the line, the
relative orientation of line and load, and the type of line and its

dimensions.
T[ tions involves fundamental assumptions that are
often overlooked. Among them is the requirement
that alt elements of length Az of a two-wire line he identi-
cal. Since this is not true near the ends of the lineat
z=0and z=s where it joins the generator and load, the
conventional differential equations and the currents,
voltages, and impedances derived from them are not ae-
curate in terminal zones at ecach end. The lcnglh'rlnf cach
cone depends on the termination; it is of the order of
magnitude 105, where b is the spacing of the two-wire
line, provided the terminations are completely outside
the region bounded by the planes z=0 and z=5. In cach
terminal zone the parameters of the iine vary, and the
line may be coupled to adjacent parts of the termina
tion, A physically significant impedance mav be defined
only outside the terminal zones; (i.c., at such distances
from the load that the scalar potential difference between
opposite points on the two conductors is equal to the line
integral of the clectric field from one point to the other),
The apparent terminal impedance of a particular im-
pedor may be studied using Fig. 1 without specializing
the formulation to this particular circuit. The load in this
figure is to the right of the plane containing the line-load
junction,
An essential postulate implied in the conventional
equations is that the line must be balanced. Electrically,
this means

INTRODUCTION
HIE DERIVATION of the transmission-line equi-

(1

where gi4(20”) [gzr(w’) ] is the charge per unit length on
conductor 1[2] of the line at a distance 0’ from the load-
line junction. Tyo(w’)[I2..(w’)] is the total current in
conductor 1[2] at the same cross section. Distributions

qa(w') = — qu(w'); ln(w') = — T (w'),

* Decimal classification: R117.12. Original manuscript received
by the Institute, January 17, 1949; revised manuscript received,
April 25, 1949,

t Formerly, Cruft Laboratory, Harvard University, Cambridge
38, Mass.; now, Sperry Gyroscope Co., Great Neek, 10 1., N. Y.

in the hine that satisty (1) involve restrictions on the
charges and currents in the termination and, henee, on
the clectomagnetic eld associated with all charges
and currents in the entive crcuit. Similar restrictions
apply to the scalar and vector potentials as follows: All
parts of the line, load, generator, and associated crcuits
must be so constructed that the scalar potential 4 and
the axial component A, of the vector potential, at cor-
responding points on the surfaces of the conductors of

the line, satisfyv the following conditions:

b (w) Dylw); 1o (w) — A lw). (2)
- : P ://
- ]
- , A
P./ K ) |
)
u'/ /// / \
e //
0Y AQP I Ro /-"~ =/, (’ )’11
: N «
o 0 w ’ v - 04D ~ = b day
] { e RN /
' - =5 ~ A C )//
¥ ~ EERS N~
\ 7
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\'\‘V ‘“ ' [
N Q
= w =
= " -

Fig. 1—"Transmi<<ion line with load.,

The potential differences are then given l),\.':
V(w) = i(w) — dy(w) = 2y(w);
Waw) = 1,,(w) — Au,(20) 24, (w).

3

I'he total potentials and potential differences are the
sums of components due to charges and currents on the
line (subseript L) and on the terminations (subscript
T). IFor example,

V(w) = V() + Vr(ae);
W) = 1,0 (w) + 1 (w). (4)
Fherefore, (2) and (3) are true if a subseript Loor 77 1s
added to each potential,
I'he conditions (2) with added subscript 7 imply that
the load (or generator) consists of identical halves 1 and

2 of which #1 is attached or coupled to conductor 1 of
the line, #2 to conductor 2 of the line. The following con-
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litions must obtain at equal distances %’ from the junc-
sions with the line along the axes of the conductors of
sach half of the termination:

qr) = — qr();  La(w) = — La();
Iz,q'(u’) = Il/r(u'); 12,1(14’) = Ih/r(u,).

(f the halves are geometrical images in the plane y=0,
sut with signs of charges and directions of currents oppo-
site to those of mirror images, all conditions (1)—(8) are
satisfied. However, there are configurations in which the
halves are not geometrical images in the plane y =0, that
also satisfy conditions (1)=(5).

GENERALIZED POTENTIAL DIFFERENCES

Referring to Fig. 1, the potential differences between
points Py, and Praon the surfaces of the conductors of
the line are given by (4) with!

1 s
W, = »—f I (w)PL(w, w')dw';
2mv J o
(6)
1 T
Woar(w) = — I.7(1¢') Pr(w, o')du’
21I'l/ 0
] s
Vi(w) == <—f qr(w')PLlw, w')dw';
21I'£ 0 N
(7)
1 T
Ve(w) = »f gr(") Pr(w, u')dw’,
2rgJ o
where
e 1BR, e"lanb
Pu(w, w') = l: k. ];
R, R,
e~ BIT ¢~ 1BRar (X)
Pr(w, v') = [ — - v—~——:|
. Rir Rar
£ .
ﬂ=wV' ; E=¢, — jo./w (9)
14

and where v=vg,, vo=107/47 mcters/henry; e.=e., €,
€, =8.85X 1012 farads/meters; v,=1/p, is the relative
reluctivity, €, is the real effective diclectric constant;
and @, is the real effective conductivity in mhos/meter
of the medium in which the entire circuit is immersed.
The distances Ro=+/ (w—w')*+a, Ry=V (w—w')*+0?,
Ryr and Rop are in Fig. 1; s in the length of the line, sris
half the distance around the contour of the termination.

In order to evaluate (6) and (7), the charges and cur-
rents at w’ in the line and at #’ in the termination are
expanded in series. Currents and charges are continuous
at the line-load junction so that

-

gu(w’ —0) = gr(’ = 0);
T(w —0) = Fa(u' —0).

(10)

Using the cquation of continuity, d/./ds+jwq=0, the
~following expansions may be written:

1R, W. P. King, “Electromagnetic Engineering,” vol. I., p. 472,
McGraw-Hill Book Co., New York, N. Y., 1945.
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, , 1 aI%.(w)
gr(w) = qr(w) + (v’ — w) P (11a)
w
Ti(w') = Li(w) + (@ — w)jegr(w) (11b)
, 1 a’I,L(w)
(5) gr(u') = qu(w) — (v + w)'}.—'——— (11¢)
w
L) = I(w) — (0 + w)-jugr(w). (11d)
Note that
Tax(') = Ta(w') cos (') (12)

where I.r(%') is the total axial current at u' in the termi-
nation, and ¥(u’) is the angle between the direction of
the current at %’ and the z axis.

Substitution of (11) and (12) in (6) and (7), and sub-
sequent substitution of the resulting integrals in (4),
gives:

1
W.(w) = -2—7; {IzL(w)[kO(w) + kor(w)]

+ jugu(e) [ka(w) + ka(w)}/8) (13)

Viw) = 2—:r—£{qL(w>[ko(w) + kor' ()]

16el.(w) (k) + ,mf(w)]/ﬁl

. ( (14)
Jw dw’

where

s L] 1 ]
ko(w Ef Pr(w, w)dw éf ( - — )dw'
o(w) ) o( ) Ar Tk

- w 3 w - z
= sinh-1 — — sinh~! — + sinh™! —
a b a

(15a)

— sinh™!

b

T
kor(w) = f Pr(w, w') cos y(u')dw
(YA

j' T < 1 1 ) oy
= - cos Y (1 )dw
LY RIT RZT

D Lhp
ko' (w) = j Pr(ao, )’
)]

T 1 1
= f < - ) du
0 RIT RZT

ku(w) = 3f'(w' — wPu(w, w)dw
0

af o)
= ow w)~R" R;,(w

= B[Vt + b — Vr + @
— 2T F B4 2P A+ a?

(15b)

(15¢)

(15d)

krr('w) = = ﬁf N (u' + 'w)l’.r(w, u’) cos J/(u’)du/
0
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v op l l
é—ﬁj (u’+w)(R—-—-k—)
0 17 2T

~cos Y(u')du' (15¢)

ky'(w) = — Bf N (v + w)Pr(w, 1 )d'
0

. J"r(’+ )(l l)d'
&= - w4+ w|— — — )du'.
0 Rir  Ror

The approximate integrals in (15) differ negligibly from
the exact integrals if b satisfies the following inequality:

[Bb| K 1. (16)

The terms neglected on the right in (15) contribute to
radiation from the line; (16) makes this negligible. Let

I(w) = lo*(w) + Ir*(w) = [ko(w) + kor(w)]/27v (17a)
wy ™ (w) = julye(w) + 37 (w)]

(15f)

= [ko(w) + kor'(w)]/27¢ (17b)

y(w) = g(w) + jwe(w) (17¢)

p(w) = [ki(w) + kir(w) ]/ [ko(w) + kor(w)]  (17d)

p(w) = [ka(w) + kur'(w) ]/ [Ro(w) + kor'(w)|  (17¢)

po(w) = ky(w)/ ko(w). (171)
Note that ,

Br=wt/v=—jwls*(w)y(w) [ko(w)+ kor' (w) |/ ko(w). ~ (18)

With (17) substituted in (13) and (14), the following ex
pressions are valid at all points along the line:

Wi(w) = le(w) [T..(w) + jwgu(w)p(w)/8) (19)
1 0%, (w) p’(w)] (20)

[QL(w) + T
Jw

)
y(w)
IFor some purposes, the ratio functions a,(w) and ¢,(w)
are useful.

ar(w) = lo(w)/lo*(w) = W.(w)/W..(w);

¢1(w) = c(w)/co(w) = Vo(w)/V(w). (21)
When a,(w) =1, there is no inductive coupling; when
¢1(w), there is no capacitive coupling between line and
termination.

At points outside the terminal zones, where conven-
tional line theory is adequate, these relations reduce to

Vi) = Jw? ¢}

We(w) = Lol (w): V(w) = jwgr(w)/ye (22a)
lo* = ko(w — ©)/2x = [In b/a]/2mv (22b)

Yo = go+ jwco = jWZWE/ko(w — )
= jwrt/[In b/a). (22¢)

The functions ko(w), ki(w)/Bob, and po(w)/Beb which
characterize the transmission-line-end cffect for a line in
air where =4, (but do not include coupling to the ter-
mination) are shown in Fig. 2. The corresponding values
of lo*'(w), co(w), and Re(w) = [l4*(w)/co(w) ]/ are in Fig.
3.
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Fig. 2—The functions ky(w), ki(w), po(w)/Beb, at the load end
of a long line in air which is not coupled to the load.
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Fig. 3—The ex t.ernal'induct.'mce and capacitance per unit length and
charagtensllc resistance at the Ioa({-):nd of a line in air with no
coupling to the load, fj(w)=2X10~7 ko(w) henry/m; co(w) =2»
X8.85X107/ko(w) farads/m; Ru(w) = \/ly(w) [co(w).

GENERALIZED D)IFFERENTIAL EQuATIONS FOR VOLTAGE
AND CURRENT

‘The generalized differential equations for current and

voltage may be derived from the equations defining the
—_—

scalar and vector potentials, namely, E= —grad &
—ij"l; div. 44j(B/w)P=0; and the relation, E,
=2:'l,1, where 2,f is the internal impedance? per unit
length of conductor 1 and E., is the tangential electric
field at its surface. Noting that 2 =2,'=12//2, where 2}

! See page 348 of footnote reference 1.
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s the internal impedance per loop unit length of the line,
nd using (1), (3), and w=s5—32, the following equations
.re obtained:

aV(w) . .
= 2, (w) + julW.(w) (23)
Jw
Welw) B (24)
Jw w

3y eliminating W.(w) from (19), using (23), and ¢r(w)
1sing (20),

Jol(w) p(w)p'(w) 8°L.1(w)

) ) =T -
_ V) _ B ) (a3)
Jw B
where
z2(w) = 2 + jwl(w). (26)
Since p(w) and p’(w) are small,
p(w) p'w) K 1; (27)
and since, in order of magnitude,
a2l (w)/dw? = — B .(w); (28)

it follows subject to (27), that (25) with (18) reduces to,

1 [()V('w)' ku('w)-f—kir('w)

o(w) |

I..(w)=
i) ko(w) + kor' ()

BP(w)V(w)]. (29)

Jw

\When there is no inductive coupling between load and
line, kor(w) =0 and the factor before B reduces to o (w).
Outside the terminal zone (29) assumes the conventional
form. namely,

1 ol (w)

[o(w) = — —
20 Jw

20 = 2' + jwlo‘. (30)

Differentiation of (23) with respect to w, using (4) gives

92V (w)
——— B (w) =

Jw? dw

[z7.0(w) + jolW r(w)]. (31)

This equation may be simplified by replacing the correc-
tion term W.r(w) by its principal part obtained from
§ (13). Thus, with (26) and (17a).

2l u(w) + joWalw) = [(w) [z + julrt(w)]
= Li(w)[z(w) — jol(w)]. (32)

' With the leading term in (29), the derivative of (32) is
given by

J
— |zl (w) + jolt r(w) |
Jw

i’) [z(w) — jwly*(w) oV(w)
e 2
zlw) — julo"(w) 02V(w)

Jw?

7z(w) Aw

2(w) &

King and Tomiyasu: Terminal Impedance and Two-Wire-Line Theory

1137

Since the leading part of z(w) is jwle*(w) and this varies
slowly with w even in the terminal zone, the principal
part in (33) is that given on the right. For terminations
in which there is no z component of current near the
line load junction, Iz¢(w) is zero, and (33) is exact. Sub-
stitution of (33) in (31), rearrangement of terms noting
that Vi(w)/V(w) = ko(w) / [ko(w) +kor'(w) ], and use of
(17a), gives the following final equation for V(w):

92V (w)/ow? — v (w)V(w) = 0, (34)

where
y2(w) = z(w)y(w) = [¢* + jol(w)]|[g(w) + joc(w) ]. (35)

Since a small error in the small quantity z°in the termi-
nal zone is of no consequence,

yiw) = yvia(w)gi(w). (36a)

where
vt = y(w — %) = zoy0 = (z' + jwle?)(go + jweo). (36b)

The parameter v, which is independent of w, is the con-
ventional complex propagation constant.

The scalar potential difference at any cross section of
the line is obtained by solving (34); the current is then
given by (29).

APPROXIMATE SOLUTIONS OF THE EQUATIONS—APPAR-
ENT TERMINAL IMPEDANCE

Transmission-line measurements usually depend on
distribution curves or resonance curves obtained on
parts of the line quite far from the terminations. The
data so obtained are then interpreted using conventional
formulas that are valid only outside the terminal zones.
This procedure is correct only if sufficiently long sections
of line are included as a part of the termination, so that
2 =5 is not the actual end of the smooth line. If conven-
tional formulas are assumed to apply to the actual end
of the line, the impedance apparently terminating it in-
cludes the effect of errors made in using incorrect line
parameters and formulas in the terminal zone. This ap-
parent terminal impedance Z.a at 2=5 is not the ratio of
the actual scalar potential difference to current. Since
Z.s involves the properties of the transmission line, the
same geometrical structure may have very different ap-
parent terminal impedances when connected as load to
different transmission lines. Merely varying the spacing
of a line, for example, may change the apparent terminal
impedance of a given load by a large amount.

For reasons similar to those which niake it impossible
to have the uniform properties of a long transmission
line continue to its junction with an arbitrary impedor,
it is also impossible to define for an arbitrary circuit ele-
ment an impedance that is independent of the circuit to
which it is connected. The degree of coupling of such an
clement to the adjacent parts of the circuit varies with
the configuration of conductors; it may be large or small,
but never zero. As explained in the literature,? it is for-

1 See pages 419 and 461 of footnote reference 1.
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mally possible to separate the coupling between two
parts of a complete circuit into two self-impedances and
a mutual impedance. Except when the distribution of
current is greatly affected by the mutual term, the self-
term of the load differs negligibly from the self-imped-
ances when isolated with an cqual potential difference
maintained at its terminals by a fictitious “concentrated”
source. This is true of the coupling between a transmis-
sion line and its load. Accordingly, the transmission-line
may be analyzed as if it had a physically dimensionless
load, and the load as if it were isolated and driven by a
fictitious, dimensionless source that maintains the re-
quired potential difference V(s) = ®,(s) —P2(s) at its
terminals (Fig. 4), provided account is taken of the

01—

I(8) —

Vio) = ¢ (o) = yla)

'Ez(‘) : _I_I(A) —--

$la

Fig. 4—“Isolated” load of Fig. 1

coupling between them. This may be done approxi-
mately by means of a suitable equivalent network that
represents the coupling as if lumped at the junction in-
stead of distributed over short distances near it. By
concentrating end effects and coupling effects in the
network of lumped elements, the terminal zone may be
replaced by a fictitious section of conventional line that
has as its termination the apparent terminal impedance
Zw. This is composed of the fictitious impedance Z, of
the load (treated as if isolated and given by Z,= 1'(s)
/1(s) as shown in Fig. 4) in conjunction with the appro-
priate terminal-zone network that includes a series ele-
ment Zr and a shunt element Y7 defined as follows:

d d
zr = [ latw) = sl = o | ltetw) = el

d
'y f [l (w)ar(w) — bt [dw = jwlz (38)
d d
Ve = [l = soldw = jo [ fetw) = colt
- f [co(w)i(w) — coldw = juCr. (39)

The integrals (38) and (39) may be evaluated either in
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closed form or by numerical methods for a particulag
termination.

If Zpis assumed connected in series with the load and!
Yr in parallel with it, ¥ may be substituted for y*(w)
in (34), 2o for z(w), and zcro for p(w); also the factor
before B in (29) may be replaced by unity. It is now
possible to obtain solutions in conventional form,
namely,

V(w) = V(s)[cosh yw + V.. Z: sinh yw] (40a)

I
I(w) - ~'(S) [sinh yw + ¥..Z. cosh yw], (40b)]

where Z. is the conventional characteristic impedance
of the line and where V,q consists of the impedance

Z, = V(s)/I(s) (41)

in series with Zr and in parallel with Yr. Lr and Cr are
positive or negative depending on the termination,
Thus, an approximately equivalent circuit of an actual
two-wire line of length s with a terminal zone (extending
from z=s5—d to z=s where the linc joins the load) is a

COMVENTICHNAL L NE

TEAM "AL ZONE a

- J (COUPLING TO LInE)
- .

| VARIABLE PARAMETERS

| 2te), 7 (=) COUPLING TO

‘n lao

S — I
CONSTANT PARAMETER z,, 7,

| LOAD
-— N2 ——

jL
CONVENTIONAL LINE Hoo A

T [}

. 1 (NO COUPL NG
LR g 2 Cvj— 2.2 10 UNE)

CONSTANT PARAMETERS 7,7, 8

0
NO COUPUNG TO LOAD g=a

Fig. 5—Actual line and equivalent circuit with terminal zone net-
work to take account of end-effects on the line and coupling of
line to load. ‘

fictitious line of length s without terminal zone, but with

the network of lumped elements shown in Fig. 5 serving |

as connection between the line and the “isolated” im-

pedance Z, of the load. Note that the impedances appar-

ently terminating both actual and fictitious lines are

Zia. Neglecting line losses, this is the impedance looking

toward the load at a distance A/2 from it. Z,, is a direct |

measurable quantity, Z, is not; Z,, varies with the type
of line and the nature of the connection, Z, is by defini-
tion independent of the line.

CONCLUSION

A theory has been developed that is an essential sup-
plement to conventional transmission-line analysis. It
has been applied to determine the apparent impedance
of an open end, of a bridged end, and of antennas con-
nected (1) as end loads*7 in the plane and perpendicular '
.. *R. King, “Theory of antennas driven from a two-wire line,” r
l‘echmcal.Repert No. 41, Cruft Laboratory, 1948,

¢ R. King, “Antennas and open wire lines,” Part I, Jour. Appl.
Phys.,’Se tember or October, 1949,

‘.k' Tomiyasu, “Prqblems of measurement on two-wire lines with
ap{))hcauon to antenna impedances,” Technical Report No. 48, Cruft
Laboratory, 1948,

? K. Tomiyasu, “Antennas and two-wire lines,”

Part 11 5
Appl. Phys., October or November, 1949, art 11, Jour
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to the plane of the line, and (2) as center loads®® on a
ine driven from both ends. For these three connections
the values of Z.. for a given antenna with a single value
of Z, differ greatly from one another, but corresponding
theoretical and experimental values of Z,, are in good
agreement. Differences in the apparent terminal im-
pedance of the same antenna exceeding 50 per cent have
been observed merely by changing the line spacing from

* P. Conley, “Impedance measurements with open-wire lines,”
Technical Report No. 35, Cruft Laboratory, 1948.

s P, Conley, “Antennas and two-wire lines,” Part 111, Jour. Appl.
Phys., November or December, 1949.
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b/A=0.01 to b/A=0.1. The theory is being applied to
bends and other discontinuities on a two-wire line and,
with some generalization, to coupled antennas driven or
tuned by two-wire lines in a variety of arrangements.

In general principle, the analysis outlined in this pa-
per resembles that of a corresponding problem in wave-
guides, but the mathematical method is different. The
dominant mode on the line is that described by the con-
ventional line equations. The effect on nonpropagating
higher modes at junctions is represented by the termi-
nal-zone network of lumped elements.

On the Energy-Spectrum of An Almost Periodic
Succession of Pulses”
G. G. MACFARLANET, ASSOCIATE, IRE

Summary—An analysis is presented of the effect of (i) irregulari-
ties in the amplitude of pulses, and (ii) jitter in the repetition rate
on the energy-spectrum of a succession of pulses.

In both cases the spectrum bas two components: (a) a line spec-
trum, and (b) a continuous spectrum. In case (i), the envelope of
both spectra is proportional to the envelope of the energy-spectrum
of a single pulse and the lines in the line spectrum are spaced by the
repetition frequency (see Figs. 1 and 2). In case (ii), the envelopes
of the spectra are not the same as the envelope of a single pulge, and
the lines are spaced by the mean repetition frequency (see Figs. 3
and 4).

I. INTRODUCTION

N THE FREQUENCY analysis of a succession of
]:[ pulses it is generally assumed that the spacing and
amplitude of pulses are perfectly constant. This
allows the spectrum to be calculated by straightforward
Fourier analysis. However, in practice owing to causes
which may be systematic or random, all pulses are not
equally spaced and/or do not have exactly the same
amplitude. This paper is devoted to the description of a
method for calculating the encrgy-frequency spectrum
of such an almost periodic succession of pulses in which
the irregularity occurs in a random way.
The method is illustrated in two cases of special in-
§ terest. In the first, the pulses have all the same shape
and are regularly spaced, but they vary in amplitude in
a random manner about a mean value. The output from
a superregenerative receiver operated in the linear mode
is like this. In the second, the pulses are identically the
same, but their spacing varies in a random manner
about a mecan spacing. Barkhausen noise in a magnetic
amplifier is thought to be like this. The first case con-
sidered is PAM (pulse amplitude modulation) and the
second is PPM (pulse position modulation), each
using fluctuation noise as the modulation wave.
€ Decimal classification: R148.6. Original manuscript received
by the Institute, December 9, 1948.

t Ministry of Supply, Telecommunications Rescarch Establish-
ment, Great Malvern, England.

II. TuE ENERGY SPECTRUM OF A REGULAR
SUCCESSION OF PULSES ALL OF THE SAME
SHAPE, BUT oF DIFFERENT AMPLITUDES

We shall firstly derive an expression for the spectral
energy-density of 2N +1 pulses in terms of the ampli-
tudes a, of the pulses.

Let the spectrum of a single pulse of unit amplitude
occurring at zero time be G(w). The spectrum of the
same pulse occurring at time ¢ is

G(w) exp (iwt). (1)
The spectrum of 2N+1 pulses spaced T apart and

a 2, a

N W N N
| L | i

-3y _zl, I, l l;mi_", ar

Fig. 1—A regular succession of similar pulses of
different amplitudes.

with amplitudes a,, as shown in Fig. 1, is the sum of
the spectra of the individual pulses, and is therefore

N
S(w) = G(w) Y an exp (inwT)., (2)
N

The spectral energy density, which is the mean value
of the square of the modulus of S(w) per unit time, is

Ty
ey T
(2N + )T
@ Ty 1 N . 2
R . ‘274—_—{ -zn:ra" exp (inwT) }h.
B '| (le)‘lz j 1 N 2
— - l——-——ZN T 1[ §a,. cos (an)]
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’r 1 1
s—of Wt o(e70)

-cos Y(u')du' (15e)

ky'(w) = — Bf'r (v + w)Pr(w, u)dw

- f.r (v + w) (-—1— - —l—>du'.
0 Rir  Ror

The approximate integrals in (15) differ negligibly from

the exact integrals if b satisfies the following inequality:

|Bb] K 1. (16)

The terms neglected on the right in (15) contribute to
radiation from the line; (16) makes this negligible. Let

I(w) = lo(w) + lr*(w) = [ko(w) + kor(w)]/27v (17a)
wy ™ (w) = jo[y(w) + yr~(w)]

(15f)

= [ko(w) + kor'(w)]/2xt (17b)

y(w) = g(w) + jwc(w) (17¢)

p(w) = [ki(w) + kir(w)]/[ko(w) + kor(w)]  (17d)

p'(w) = [ki(w) + kar'(w) ]/ [ke(w) + kor'(w)]|  (17¢)

po(w) = ki(w)/ko(w). (17f)
Note that '

B2=w/v=— julo*(w)y(w) [ko(w)+ ker' (w) ]/ ko(w).  (18)

With (17) substituted in (13) and (14), the following ex-
pressions are valid at all points along the line:

Wi(w) = 1¢(w) [T.(w) + jwgu(w)p(w)/B] (19)

jw 1 9%..(w) p'(w)
Viw) = 2 [qb(w) +o- S ] (20)
y(w) Jw  dw?
For some purposes, the ratio functions a,(w) and ¢,(w)
are useful.

ar(w) = l5(w)/le*(w) = W (w)/W..(w):
¢1(w) = c(w)/co(w) = Vi(w)/V(w). (21)

When a,(w) =1, there is no inductive coupling; when
¢1(w), there is no capacitive coupling between line and
termination.

At points outside the terminal zones, where conven-
tional line theory is adequate, these relations reduce to

Wo(w) = Ll (w); V(w) = jug(w)/yo (22a)
lo* = ko(w — )/2r = [In b/a]/2xv (22b)

Yo = go + jweo = jw21r£/ko('w — ©)
= jwrt/[In b/a). (22¢)

The functions ko(w), ki(w)/Bob, and po(w)/Bed which
characterize the transmission-line-end effect for a line in
air where 8=0, (but do not include coupling to the ter-
mination) are shown in Fig. 2. The corresponding values
of 1,*(w), co(w), and R.(w) = [lo*(w)/co(w)]"/? are in Fig.
3.
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Fig. 2—The functions ko(w), ki(w), po(w)/Bob, at the load end
of a long line in air which is not coupled to the load.
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Fig. 3—The external inductance and capacitance per unit length and
characteristic resistance at the load-end of a line in air with no
coupling to the load, /§(w) =2X10"7 ke(w) henry/m; colw)=2=
X8.85X101/ko(w) farads/m; R.(w) = \/is(w)/co(w).

GENERALIZED DIFFERENTIAL EQUATIONS FOR VOLTAGE
AND CURRENT
The generalized differential equations for current and
voltage may be derived from the equations defining the
—
scalar and -vector potentials, namely, E= —grad ¢
—jwd; div. A+j(8%/w)®=0; and the relation, E,
=21'L.1, where z,% is the internal impedance? per unit

length o.f conductor 1 and E,, is the tangential electric
field at its surface. Noting that 2)'=2,"=2%/2, where 2

* See page 348 of footnote reference 1.
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s the internal impedance per loop unit length of the line,
und using (1), (3), and w=s—3, the following equations
wre obtained:

oV(w) .
= 2zl (w) + jwlV.(w) (23)
Jw
. s
a_”'_"(_wl — :1?_ Vi(w). (24)
Jow w

By eliminating V.(w) from (19), using (23), and qr(w)
using (20),

Jole(w)p(w)p'(w) 8°L.lw)

() aw) =T —
- a‘;(:) _ DYy (25)
where
z(w) = z* + jl<(w). (26)
Since p(w) and p'(w) are small,
p(w)p'dw) L 1; (27)
and since, in order of magnitude,
a1, (w)/dw? = — B .1(w); (28)

it follows subject to (27), that (25) with (18) reduces to,

1 vV (wy ku(w)+kor(w)
”L(W)_?Tw—)[ 2w hw) ke (@) (w)V(w)]' (29)

When there is no inductive coupling between load and
line, kor(w) =0 and the factor before B reduces to é1(w).
Outside the terminal zone (29) assumes the conventional
form. namely,

1 al"(w)

20 ow

I..(w) 30 = 2t + jwlo®. (30)

Differentiation of (23) with respect to w, using (4) gives

V(w) + B2V 1(w) ’
Jw? mwre dw

[2i71(w) + jolWa(w)]. (31)

This equation may be simplified by replacing the correc-
tion term W,r(w) by its principal part obtained from
¢ (13). Thus, with (26) and (17a),

2l (w) + jolWalw) = I.(w)[s5 + julr(w)]
= I.(w)[z(w) — jolo(w)]. (32)

With the leading term in (29), the derivative of (32) is
given by

a
— [z n(w) + joll a(w)]
Jw

_éj_[z(w) — jwlo*(w) aV(w)
dw - - ]

z(w) dw?

z(w) dw

(33)
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Since the leading part of z(w) is jwle*(w) and this varies
slowly with w even in the terminal zone, the principal
part in (33) is that given on the right. For terminations
in which there is no z component of current near the
line load junction, Iz¢(w) is zero, and (33) is exact. Sub-
stitution of (33) in (31), rearrangement of terms noting
that Vi(w)/ V(w) = ko(w)/ [ke(w) +kor’'(w)], and use of
(17a), gives the following final equation for V(w):

2V (w)/dw? — vy (w)V(w) = 0, (34)

where
y2(w) = a(w)y(w) = [¢F + jol<(w)]|[g(w) + joc(w) |- (33)

Since a small error in the small quantity z° in the termi-
nal zone is of no consequence,

vy w) = ya(w)ei(w). (36a)

where
v = v (w — %) = z9)Vp = (z8 + jwlo°)(go + jwco). (36b)

The parameter v, which is independent of w, is the con-
ventional complex propagation constant.

The scalar potential difference at any cross section of
the line is obtained by solving (34); the current is then
given by (29).

APPROXIMATE SOLUTIONS OF THE EQUATIONS—APPAR-
ENT TERMINAL IMPEDANCE

Transmission-line measurements usually depend on
distribution curves or resonance curves obtained on
parts of the line quite far from the terminations. The
data so obtained are then interpreted using conventional
formulas that are valid only outside the terminal zones.
This procedure is correct only if sufficiently long sections
of line are included as a part of the termination, so that
2=sis not the actual end of the smooth line. If conven-
tional formulas are assumed to apply to the actual end
of the line, the impedance apparently terminating it in-
cludes the effect of errors made in using incorrect line
parameters and formulas in the terminal zone. This ap-
parent terminal impedance Zia at 2=5 is not the ratio of
the actual scalar potential difference to current. Since
Z.. involves the properties of the transmission line, the
same geometrical structure may have very different ap-
parent terminal impedances when connected as load to
different transmission lines. Merely varying the spacing
of a line, for example, may change the apparent terminal
impedance of a given load by a large amount.

For reasons similar to those which make it impossible
to have the uniform properties of a long transmission
line continue to its junction with an arbitrary impedor,
it is also impossible to define for an arbitrary circuit ele-
ment an impedance that is independent of the circuit to
which it is connected. The degree of coupling of such an
element to the adjacent parts of the circuit varies with
the configuration of conductors; it may be large or small,
but never zero. As explained in the literature,? it is for-

3 See pages 419 and 461 of footnote reference 1.
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mally possible to separate the coupling between two
parts of a complete circuit into two self-impedances and
a mutual impedance. Except when the distribution of
current is greatly affected by the mutual term, the self-
term of the load differs negligibly from the self-imped-
ances when isolated with an equal potential difference
maintained at its terminals by a fictitious “concentrated”
source. This is true of the coupling between a transmis-
sion line and its load. Accordingly, the transmission-line
may be analyzed as if it had a physically dimensionless
load, and the load as if it were isolated and driven by a
fictitious, dimensionless source that maintains the re

quired potential difference V(s) = ®(s) —Pa(s) at its
terminals (Fig. 4), provided account is taken of the

b

.

Vi) = & o) - )

1,00} = 1,(0) =

e

Fig. 4—*“Isolated” load of Fig. 1

coupling between them. This may be done approxi-
mately by means of a suitable equivalent network that
represents the coupling as if lumped at the junction in-
stead of distributed over short distances near it. By
concentrating end effects and coupling effects in the
network of lumped elements, the terminal zone may be
replaced by a fictitious section of conventional line that
has as its termination the apparent terminal impedance
Zsa. This is composed of the fictitious impedance Z, of
the load (treated as if isolated and given by Z,= V(s)
/I(s) as shown in Fig. 4) in conjunction with the appro-
priate terminal-zone network that includes a series ele-
ment Zr and a shunt element V7 defined as follows:

Zr= [ latu) = sobdw = o [ i) ~ b

= jwf‘ [lo*(w)a(w) — lot)dw = jwl.r (38)
Vr= [ Iy = ldw = o [ lew) - cold
- ]wf [Co(?l))d)l(W) - Co]dw = ijT. (39)

The integrals (38) and (39) may be evaluated either in
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closed form or by numerical methods for a particular
termination.

If Zr is assumed connected in series with the load and
Yr in parallel with it, y¥* may be substituted for y*(w)
in (34), 2o for z(w), and zcro for p(w); also the factor
before B in (29) may be replaced by unity. It is now
possible to obtain solutions in conventional form,

namely,

1 (w) (40a)

V(s) [cosh yw + ¥..Zc sinh yw]

V(s) .
I(w) 3 [sinh yw + ¥..Z. cosh yw], (40b)
where Z. is the conventional characteristic impedance
of the line and where Y,, consists of the impedance

Z, = V(s)/1(s) (41)

in series with Zr and in parallel with Y7. Ly and Cr are
positive or negative depending on the termination,
Thus, an approximately equivalent circuit of an actual
two-wire line of length s with a terminal zone (extending
from z=s5—d to z=s where the line joins the load) is a

CoNEnT

TERMINAL ZONE

ONaL L NE a
ATl <y .
2 y
n 40 § N
ST e b’ e
CONSTANT PARAMETER 5, vARIABLE PARAMETERS
Z(«), ¥ (w) COUPLING TO

1 LOAD
-— /2 -

13
CONVENTIONAL LINE 2y
ol sls!
e & — o
bd . j _I. 7 (N ING
D=0 - - 10 LIN
== 3 { =1l b
CONSTANT PARAMETERS 2z, 7, bl
are

NO COUPUNG T0 LOAD

Fig. 5—Actual line and equivalent circuit with terminal zone net-
work to take account of end-effects on the line and coupling of
line to load.

fictitious line of length s without terminal zone, but with
the network of lumped elements shown in Fig. 5 serving
as connection between the line and the “isolated” im-
pedance Z, of the load. Note that the impedances appar-
ently terminating both actual and fictitious lines are |
Z.a- Neglecting line losses, this is the impedance looking |
toward the load at a distance A/2 from it. Z,q is a direct
measurable quantity, Z, is not; Z,, varies with the type !
of line and the nature of the connection, Z, is by defini-
tion independent of the line.

¢

CONCLUSION

A theory has been developed that is an essential sup- |
plement to conventional transmission-line analysis. It
has been applied to determine the apparent impedance |
of an open end, of a bridged end, and of antennas con-
nected (1) as end loads*~7 in the plane and perpendicular

. *R. King, “Thveory of antennas driven from a two-wire line,” |
I‘ecbhﬁncalé.RepoX No. 41, Cruft Laboratory, 1948.

- King, “Antennas and open wire lines,” Part I, Jour. Appl.
Phys., Se tember or October, 1953. ' o ‘
. e ?lrrznyasléé“Prqblenzjs of me’z,i§ll‘1remem on two-wire lines with l

ion to antenna impeda i y !
Lag_’o;?tory, v pedances,” Technical Report No. 48, Cruft |

. Tomiyasu, “Antennas and two-wire lines,” Part 11, Jour. T

Appl. Phys., October or November, 1949. ! '



1949

.o the plane of the line, and (2) as center loads®® on a
ine driven from both ends. For these three connections
‘he values of Z,, for a given antenna with a single value
»f Z, differ greatly from one another, but corresponding
‘heoretical and experimental values of Z,s are in good
igreement. Differences in the apparent terminal im-
sedance of the same antenna exceeding 50 per cent have
seen observed merely by changing the line spacing from

¢ P. Conley, “Impedance measurements with open-wire lines,”
Technical Report No. 35, Cruft Laboratory, 1948.

9 P. Conley, “Antennas and two-wire lines,” Part 111, Jour. Appl.
Phys., November or December, 1949.
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b/A=0.01 to b/A=0.1. The theory is being applied to
bends and other discontinuities on a two-wire line and,
with some generalization, to coupled antennas driven or
tuned by two-wire lines in a variety of arrangements.

In general principle, the analysis outlined in this pa-
per resembles that of a corresponding problem in wave-
guides, but the mathematical method is different. The
dominant mode on the line is that described by the con-
ventional line equations. The effect on nonpropagating
higher modes at junctions is represented by the termi-
nal-zone network of lumped elements.

On the Energy-Spectrum of An Almost Periodic
Succession of Pulses”
G. G. MACFARLANET, ASSOCIATE, IRE

Summary—An analysis is presented of the effect of (i) irregulari-
ties in the amplitude of pulses, and (ii) jitter in the repetition rate
on the energy-spectrum of a succession of pulses.

In both cases the spectrum bas two components: (a) a line spec-
trum, and (b) a continuous spectrum. In case (i), the envelope of
both spectra is proportional to the envelope of the energy-spectrum
of a single pulse and the lines in the line spectrum are spaced by the
repetition frequency (see Figs. 1 and 2). In case (ii), the envelopes
of the spectra are not the same as the envelope of a single pulse, and
the lines are spaced by the mean repetition frequency (see Figs. 3
and 4).

I. INTRODUCTION

N THE FREQUENCY analysis of a succession of
I[ pulses it is generally assumed that the spacing and

amplitude of pulses are perfectly constant. This
allows the spectrum to be calculated by straightforward
Fourier analysis. However, in practice owing to causes
which may be systematic or random, all pulses are not
equally spaced and/or do not have exactly the same
amplitude. This paper is devoted to the description of a
method for calculating the energy-frequency spectrum
of such an almost periodic succession of pulses in which
the irregularity occurs in a random way.

The method is illustrated in two cases of special in-
terest. In the first, the pulses have all the same shape
and are regularly spaced, but they vary in amplitude in
a random manner about a mean value. The output from
a superregenerative receiver operated in the linear mode
is like this. In the second, the pulses are identically the
same, but their spacing varies in a random manner
about a mean spacing. Barkhausen noise in a magnetic
amplifier is thought to be like this. The first case con-
sidered is PAM (pulse amplitude modulation) and the
second is PPM (pulse position modulation), each
using fluctuation noise as the modulation wave.

* Decimal classification: R148.6. Original manuscript received
By the Institute, December 9, 1948.

t Ministry of Supply, Telecommunications Rescarch Establish-
ment, Great Malvern, England.

II. TuE ENERGY SPECTRUM OF A REGULAR
SUCCESSION OF PULSES ALL OF THE SAME
SHAPE, BUT OF DIFFERENT AMPLITUDES

We shall firstly derive an expression for the spectral
energy-density of 2N 41 pulses in terms of the ampli-
tudes a, of the pulses.

Let the spectrum of a single pulse of unit amplitude
occurring at zero time be G(w). The spectrum of the
same pulse occurring at time / is

G(w) exp (iwt). (1)
The spectrum of 2N+1 pulses spaced 1" apart and

a 2y
a, i) a, 2, i;t\
b d o ng ]
T
-3|, -zlr l, . _Tmas 2] a7

Fig. 1—A regular succession of similar pulses of
different amplitudes.

with amplitudes a,, as shown in Fig. 1, is the sum of
the spectra of the individual pulses, and is thercfore

S(w) = G(w) i a, exp (inwT).. (2)
N

The spectral energy density, which is the mean value
of the square of the modulus of S(w) per unit time, 1S

RN(w) = _15;( )|___
(2N + DT
RSO . : -
ma— ]éN_ﬁ ga,. exp (inwT) }h'
OO0 OO 5 ’
= {2N - 1[ § a, COS (an):l
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| (18

o l }_} d, Sin (nwl')] }M 3)

I‘or an infinite succession of pulses the spectral energy
densitv is
R(w) = lim Ry(w)
Now

(4)

l.ct us now assume that the amphitudes @, are ran
domly distributed, and that the probability of the
amplitude a, having a value between x and x+dx is
q.(x)dx. The function g.(x) is called the probability
function. In order to evatuate the spectral energy
density, equation (4), we require to know
square values of the sums

the mean

N

D an cos (nwT)
\

> a, sin (nwl) 5
N

I'heyv are readily obtained when we know the prob
ability functions Py of these sums. We can find the
functions Py in the following way.

Suppose the probability function of the random vari
able x is q(x), then the probability function p.(y) of an
arbitrary function v=f,(x) is obtained from g(x) by
substituting

o= F.(v), 0)
where F,(v) is the inverse of f.(x) '
Fhus
Sfu(x) i
I'his gives
. l/l’n y)
Pul¥) = g{Fu(y) : &)
dv

Furthermore, there is a theorem in the theory of prob
ability! which states that the mean and the mean-square
deviation of the sum of any number of probability
distributions is the sum of the means and the mean
squarc deviations respectively of the component dis.
tributions. By the sum of the probability distributions,
pn(x), is meant the probability distribution of the sum
of a number of functions f.(x) of the random variable x
Thus the sum of two probability distributions p,(x) and
pa2(x) is not pi(x)+ po(x), but
+4 e

Pilx — v)pa(y)dy. Y
for
value x,? of the sum

T'his theorem is directly applicable to our case,
we seck to find the mean-square

Zf,.(.x) of 2N+1 functions of the random variable x
nn(l this is equal to the sum of the square of the “mean,
(dx)? and the mecan-square deviation, px?, of Zf (x).

Or
tn? = pa? + ()% (10)

1 §. Chandrasekhar, “Stochastic problems in phyvsics and astron
omy,” Rev. Mod. Phys., vol. 15, pp. 2-89: January, 1943.
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while the theorem above states that

(7N Z\,
: (11)

and
12)

5y
2 2:”
N

where X, is the mean and a.,° the mean-square deviation
of the distiibution p.(x) of the function f.(x). Fhat is,

\ ' vpala)da ’ ‘ fu(x)g(x)dx (13)
and
" ' (v — Xo)palx)dx
{ [f.(x) — X.]*q(x)dx. 14

.

Flerein use is made of (8) to express X, and ¢,% in terms
of the probability function g(x) of the random variable

Having established these general formulas, let us
return to the discussion of (3) for the spectral energy

density. Consider the series
N
32 A8 > a. sin (nwT) 15
\ L
Here

f,0x) x sin (nwT).

Therefore, from (13) and (14),

\ sin (nwT) " Jtrq(r)rh sin (nwT)A. sav, 16
ined

sin’ (nwl’) ’ ! (v — D)2q(x)dx

sin® (nwT)(.1 — )%, say 17

Substitute X, and ¢,2 from (16) and (17) into (10) to
(12). This gives the mean-square value of the sum (15)

:l: D a. sin (an)-’ :

A\

A
(4 — 1) sin? (nwT)
N

)

18)

N
Z sin (an)]

Similarly,

{I: i\: a, COoS (an)]

Av
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N
= (1 =D cos? (nwT)
\
_ N 2
+MV[Z®MWH]. (19)
N
Therefore,
1 A 2
{2‘\7 o Z\: a, exp (inwT) }Av
)2 N 2
- (4 — A)*+ 21\(, -)i— 1 [ z\: sin (an)]
Z 2 N 2
+§%:[§wﬂwﬂl(%)

Now let the number of pulses increase indefinitely,
so that we can let N—=.
But

1 N 2
lim [Zﬁﬂmﬂ]=u

Vo= 2N + 1L

for all values of w7 and

i 1 [ i ( T)] : Ar 6( 2m7r>
mm - CosS (nw = = —— )
Nz 2N 41 v T ¢ T

where 8(x) is the unit impulse function of Dirac which is
infinite at x =0 but zero everywhere else, although the
integral of 8(x) over any range including the point x=0
is unitv. The spectral energy-density of an infinite suc-
cession of pulses of equal spacing, T, and similar shape
but with amplitudes which are randomly distributed ac-
cording to the probability function g(x) is therefore

R(w)= lim Ry(w)

N—o=
2 2ma\7 | G(w) |?
[(A—A)’-{—(A)’——é(w— >] — . (21)
T T T
where
— +
A =f xq(x)dx (22)
and

+o0
(A —A) = f (x — A)2q(x)dx (23)
The energy spectrum consists of two distinct com-
ponent spectra (i) a continuous distribution of density
(A —A)?| G(w)|?/T with intensity proportional to the
spectral density of a single pulse (Fig. 2a), and (ii) a
line spectrum with separation of lines in frequency by
1/7T, the recurrence frequency of the pulses. The power
in the line of frequency m/T is

5 2r (A)? (.(me ks
T | r)

Macfarlane: Energy Spectrum of Pulses
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If the power in the lines is plotted against frequency,
the power spectrum of Fig. 2(b) is obtained. The en-
velope of the lines is proportional to the spectral
density of a single pulse.

SmprcTRUM OF SINGLE
pPuse 1Gw))?

ENVELOPE OF LINE
SPECTRUM_PROPORT:
10 [G(wW)[?

. . COoMPONENT LINE
onTiNvous NoisE SPECTRUM.

COMPONENT.

_Enzmay DENSITY

FREQUENECY "| FREQUENCY.
b Puise REPETITION
FREQUENCY.

(a) (b)

Figs. 2—Spectrum of pulses of Fig. 1 has two parts: (i) Continuous
energy-density spectrum shown in Fig. 2a. (ii) Line spectrum
with power distributed as shown in Fig. 2b.

It is also of interest to know how the total power is di-
vided between the continuous and the line spectra. The
ratio is

Power in continuous part

Power in lines

+x
R i f | G(w) |2dw

(1)? 4= 2mw 2721r
Z((« )

- T T

The following example from the theory of the super-
regenerative receiver? under certain operating conditions
will illustrate the use of these formulas. The output from
the oscillator circuit of a superregenerative receiver is a
regular succession of similar pulses with amplitudes
which depend on the voltage of the incoming signal and
on the noise present in the input circuit. It may be
shown that these pulses have amplitudes x which are
distributed according to the probability function

V4 x’] (Vx
(),
20 I

where V is the peak amplitude to which oscillations
would build up from the incoming cw signal alone in
the absence of any noise, and ¢ is the root-mean-square
noise voltage at the peak of the pulse, and I, is the
modifica Bessel function of order zero. V?/2¢? is there-
fore the signal-to-noise power ratio before rectification
of the pulses. V/o is the peak signal to root-mecan-
square noise voltage before rectification.

Substituting g(x) from (25) into (21) we get, after
some rearrangement,

o)
v

%
g(x) = , exp [— (25)
g

)] (26)

>
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and

=D =2(14+ )@y, @)
where r=V/o.

The energy spectrum is then obtained from (21). The
ratio of power in the continuous part of the spectrum
to power in the lines is thus determined. For a discussion
of these results, reference should be made to the paper
by Macfarlane and Whitehead.?

In the next section, we shall apply the method to
another interesting example.

ITI. THE ENERGY SPECTRUM OF A SUCCESSION OF
IDENTICAL PULSES oF UNEVEN SPACING

Let the spectrum of a single pulse occurring at time
t=0 be G(w) and let the average periodicity be T. The
spectrum of 2N 41 pulses, as shown in Fig. 3, is there-
fore

PROCEEDINGS OF THE LRI

S(w) = G(w) 2 exp |iw(nT + a,)]. (28)
% 5% & L T2 5
1 s jN i il
-3r -27 ) T A}r T f\
Time =

Fig. 3—Succession of identical pulses of uneven spacing.

Let the values a,., which are the time intervals bv
which the pulses are delayed beyond their mean posi-
tions, be subject to a Gaussian probability distribution
with mean of value zero and with root-mean-square
deviation ¢. Thus

— exp (— a.%/20?) (29)
T

q(a.) /2
We shall further assume that the deviation of a,
from the mean value zero is small compared with T,
the average time interval between pulses.
Following (3) we find that the energy spectrum of a
succession of 2N +1 pulses is

6@ 1 {[ i A a,.):'L

T 2N+1\L5
N 2
+ |: D sin wnT + a,.):| }
-N

In the limit when N—o Ry(w) becomes the required
spectral energy-density.

RN(w) =

(30)

Av

The terms s:sl (w . ;7‘7-{::5) are now the functions f,(x)

?G. G. Macfarlane and J. R. Whitehead, “The theory of the
super-regenerative receiver operated in the linear mode,” Jour. IEE,
vol. 95, pp. 143-157; Part 111, No. 35, May, 1948.

October

of the random variable x. For the first of these two,
we have

fa(x) = sin w(nT + x)

I'rom (13) and (14) the mean value and the square of
the standard deviation of the probability distribution of
sin w(nT+x) are, respectively,

1 + o ) x'.' d
D sin w(nT + x exp(— —~) x

a\/27rf,,, 2q?

exp (— 3o%?) sin (nwT) 31)
and

1 +o 2 d ,
e sin? w(nT 4+ x) ex (-— -—-) x— X,
¢ o\ 21r.f ' Do ) exp 20?

- 3[1 — exp (—20%?) ]
— [t = exp (—o%?) ] exp (— 0%?) sin? (nwT). (32)

Therefore, from (10) and (11) the mean-square value

N
of _Zl:vf,.(x) is

{[ S AT an)] | .

v
2N + 1

2

[1 — exp (—20%?)]
+ exp (— o%w?) [ Z sin (an)]

exp (—o%w?)[1 — exp (—a%w?) | sin? (nwT).
—N
Similarly

{{Zeeor+ o]},

2N 4+ 1
2

v

[1 — exp (—20%?)|
+ exp (- a’wz)[ Z\: cos (an)] ‘

exp (—aw?) |1 — exp(——a’w?)].z:cos2 (nwT).

Therefore
f ‘ 3
Vv 4 1| & o0 st e} ¢ .
— 2442 N ]
=1 — exp(—o%w?) + CXP£ =i ){[ D sin (an):'
N

2N + 1

Thg energy spectrum is now obtained as before by
letting N— . The result is

——

ey
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R(w) = {1 — exp (—o%w?)

2mw>} |G(;) |2 Gy

+ (22)21ra<
e — —— —
xp 0w 3]

Here again the energy spectrum consists of two dis-
tinct component spectra: a continuous spectrum and a
line spectrum. If the pulses recurred with perfectly
regular intervals ¢ would be zero, and the spectrum
would be solelv a line spectrum. The average power in
the lines would then be

2r £+ |G) |2 < 2m1r>
— e — — }dw
T J_» T T

2 2r 1

5 ™ +w
=iri ("<2: ) T 160 |Hde. (39

T TJ.,
When, however, the repetition rate is not steady, the
average power in the lines is reduced to

1 g G< 2m1r> 2 ( 4m21r209> 27
— ——n. e — .
=\ ) P )T

+o0
~ %—f exp (—o%w?) ‘G(w) |"’dw. (35)

and energy is distributed continuously over the fre-
quency band of a single pulse. The power in this con-
tinuous spectrum is noise power. The ratio of signal-to-
noise powers is approximately

f exp (—o%w?) | G(w) |2dw

- (36)
f {1 — exp (—o%w?)} | G(w) |2dw

—%

There is a difference in the forms of the energy spectra
given by (21) and (33), which is interesting. In (21),

SpecTRUM OF SINGLE

F No 'No:s:' ENVELOPE
pucse [G(W)] 2

oc/G(w) |

[
Conrinvous NOISE .
COMPONENT

AVERAGE PowiR

FREQUENEY ..{ }‘ FREQUENCY.
f/ AVERAGE Pucrse
REPETITION FREQUENCY
(a) (b)

Figs. 4—Spectrum of pulses of Fig. 3.
(a)—1Illustrating continuous noise component.
(b)—Line spectrum.

where the pulse amplitudes are irregular, the form of the
envelope of the energy-density spectrum of the noise

Macfarlane: Energy Spectrum of Pulses
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component and the power spectrum of the lines is the
same as the energy-density spectrum of a single pulse.
In (33) however, this is not the case, for the factors
multiplying |G(c..v)|2 depend on w. Thus, the form of
the envelope is altered for both signal line-spectrum
and noise continuous-spectrum. The form of the
energy-density spectrum of the noise is approximately
«? times that of a single pulse. This is illustrated in
Figs. 4(a) and 4(b).

IV. THE SPECTRUM OF REGULAR PULSES OF
UNEQUAL LENGTH

The method of finding the energy-frequency spectrum
of a temporal variation used in the two problems dis-
cussed in parts II and III, is applicable to many more
cases. The above examples have been chosen for their
practical importance. A further example would be the
output from a superregenerative receiver operated in
logarithmic mode. Successive pulses are then unequal in
duration due to the noise in the input circuit.

If the spacing of pulses is T and the spectrum of a
pulse occurring at zero time is G(w, x) where x is the
random variable that defines the pulse width, then the
spectral energy-density is

R = L{a=r + 2 ofa - ) @}
w) = T T w T .
In this equation

+o0
4= G(w, x)¢(x)dx,

—00

"t , D)g()dz — D,

-—a0

(4 —A)2 =

and g(x) is the probability function.

If the pulses are all rectangular of amplitude 1/7
and of mean width 7, and if the distribution function is
Gaussian about zero as mean with standard deviation o

o 1 w/2
A= —f exp (iyr — 20%y%)dy
w w/2
and

S | w/? ytwl? . -
(A —A)2=—~f dyf exp (irx—20%xt)dx—(A4)*%
w2 —wf2 2

—w/2
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Problems Related to Measuring the Field Strength
of High-Frequency Electromagnetic Fields

ROHN TRULELLY, SENIOR MEMBER, IRE

Summary—Discussion and comparison of the analysis of two
cases of an electron of uniform velocity acted on by a uniform
magnetic field parallel to the electron direction, and a high-fre-
quency electromagnetic field with the electric component transverse
to the beam, shows that, for both a plane parallel-plate field and a
rectangular cavity field, the field amplitude may be expressed quite
simply in terms of easily measurable parameters. The simple rela-
tionship in question requires that certain velocity conditions on the
electron velocity be observed, and that the cyclotron frequency

e| H/mc be equal to the frequency of the alternating electromag-
netic field.

INTRODUCTION

T N A PREVIOUS paper! the problem of an electron
J[ beam directed parallel to a uniform magnetic field
and subjected to a transverse high-frequency elec
tromagnetic field was discussed for a case where the al-
ternating electromagnetic field was produced bhetween
two plane parallel plates, while the electron beam was
directed along an axis midway between the plates.

The purpose of this paper is to present a more com
plete treatment of the parallel-plate case, and the ex
tension to the case of a rectangular cavity. In the dis
cussion presented here there appear certain velocity con
ditions on the electron beam which are necessarv, if one
wants to have the solutions in the simplest and most
convenient form. The conditions mentioned did not ap
pear in the earlier discussion because the analysis there
was not carried out in sufficient detail.

PLANE PARALLEL-PLATE CASE

The plane parallel-plate situation is shown in Fig. 1
The electron beam of uniform velocity v, is introduced

Fig. 1

at 0 in Fig. 1, with a uniform magnetic field /7, as indi-
cated. The electric component of the rapidly alternating
electromagnetic field is E;, and at any time ¢, E; is con
sidered to be constant in magnitude over the region be-
tween the plates. The fringe field effect was discussed in
the previous paper. The quantities H,, v,, and E; deter
mine the motion of an electron.

* Decimal classification: R139XR270. Original manuscript re
ceived by the Institute, November 29, 1948; revised manuscript
received, March 22, 1949.

t Brown University, Providence, R. .

! Rohn Truell, “A method of measuring the field strength of high-
frequency electromagnetic fields,” Proc. 1.R.E., vol. 36, pp. 1249
1252; October, 1948.

The equations of motion and the differential equa-
tions to be solved are:

2 B; 11
23 e : 0%=0
V 0 y 0 at ¢ Lo,
: 1l
m3 X s =0 3 ‘
mz =10

where £ is the time of entrance of the electron into the
ficld region. Using /2, = [2y, sin wt, one has:

w.K

. 2
itw K, sin wt Vtw 2y (cos wl— cos wlyp)

w
where
el 1. )
and K
mc m

ILO:;

the complete solution for the x equation is:

xi{s)  xas)
Axi\(t) + Bxao(t) + A, f tl;i)) ?i?) sin wsds
. X, X2
x'(s) x4'(s)

where

l](l) " 1‘2([) piwet

It turns out that only the particular solution, given
by the integral, contributes to our solution. The particu
lar solution in v is:

K. [sin (w. — w)t — sin (w, — W)t
G 2(0) — W
sin (w. + w)! — sin (w. + w)lo
- cos w.f
2w, + w)
K. [COS (we — W)t — cos (w. — w)ly
2w w)
€os (w; + w)! — cos (w, + w)loJ -
sin w.t
2w, + w)
\When w=w, the expression becomes
K
L — 1) cos w.t
2w
K2
i [sin w.t — sin w.t cos w (t — t)];

the corresponding solution in yis
K,

20 ¢ ty) sin w.!

-
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K,
4 [2 cos welo(l — cous w (! — o))
20,2

+ sin wdlo sin w.(t — to) ).

Let (¢ —to) be the transit time 7 for the electron in the
region between the plates. The relations for x and y be-
come:

-

2
¥y = — — 7 ¢os w(lo + 7)
2w

K2 . -
+ —— [sin w.(to + 7) — sin w.lo cOs we |
20,2

2 a
7 sin w.(to + 7)
2w

»

2
-+ —2—: [2 cos welo(l — €05 w.T) + sin w.lo sin wc'r].
0.2

If we regard w, and 7 as fixed quantities, x and y are
functions of the entrance time fo. In other words, the
distance » of an electron from the z axis in a plane
2 =constant at the exit end of the plates is a function
only of t. It is apparent on looking at the component
expressions for x and y that this expression for 7 is in
general complicated. If, however, we impose the condi-
tion:

w.T = N, n even

the expressions for x and ¥ become simply:

2
— 7 cos w(lo + 7)

Truell: Field-Strength Measurements of HF Field:
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It has been pointed out in (1) that neglecting the
fringe field can introduce considerable error if the above
expression is used to relate Eo: to 7, depending on the
geometry and the frequency.

Cavity Cask

The use of a rectangular cavity (Fig. 2) in place of the
parallel plates avoids the need of considering the fringe

|

-
- {jjifi;:%?g;;ééi%;::::iii] *'

~~,
electron
peth

Fig. 2

field question. The equations of motion for an electron
are as before except that the field E; now has a space de-
pendence in the variables y and z.

1 .
mx=—l4(Ef+—yHJ x=0%=0
c
|| y=0y=0}att=to
e
my = — %, z2=03=v,
c
™ ™
E. = E,; cos — ysin— z sin w!
Yo %0

(for the lowest mode in a rectangular cavity).
Now the quantity cos 7/yo y=21 in the region of the elec-

T T e tron path and is a slowly varying function as long as the
" beam deflection 7 remains small in comparison with yo.
PR !+ sin wdlto + 1) We write z=?,(t—to) wherc to is the time of entrance of
2w, the electron into the cavity at x=0, y=0, 2=0. Now
e with E,=E,, sin 7/20 v,(t—to) sin wt the differential
K equations in x and y are:
. T
! 2w, ! i + wlx = K sin b(t — o) sin w! b= (— v,).
. z
since ¥y 4wty = w. K3 sin b(t — to) sin w! !
r = o and K, = — I—e—l- E,. The particular solutions are given by:
v, m
2 20,01 Ke [ in wls = 1) sin b in wsd
WY ro. Il ., = - — (s — = /]
| Eoz| = [ ] = ( *») esu/cm. * o L CEE sin b(s — to) sin wsds
€ 20C
‘, 20 K, p*!
( | m y=— (1 — cos w(s— £)) sin b(s — L) sin wsds,
We -t
(20 is the length of the plates). )
- o and from the first of the two integrals one obtains:
K, jcos(—w,-{-w-{-b)t—cos(—w,-{-w-{-b)to cos (w, + w + b)t — cos (w. + w + b)lo
x = — COS wct coS blg ) — — -— -
4o, | (— we + @ + b) (we + w + b)
cos (we + w — bt — cos (w, + w — b)to + cos (we — w + b)t — cos8 (w, — w + b)to}
(we + w — b) (wo — w + b)
K. | sin (— w, + @ + b)t — sin (— we + @ + b)to sin (w. 4+ @ 4 b)t — sin (w. + w + b)bo
4+ — sin w cos blg{ — —— — - —
4w, (— w4 w4+ b) (we + w + b)
-~ - sin (w. + w — b)! — sin (w. + w — b)lo + sin (w, — @ 4 b)¢ — sin (w, — w+b)to}
(w; + w — b) (wo — w + b)



1146

K, .
+ —— cos w.t sin bto{—-
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sin(—wu+w+b)t—sin(—wc—{-w—{-b)to
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sin (w, +  + b)t — sin (we +w+ b).tf

4w, wo + w + b) w. + @+ b)
sin (we + @ — b)t — sin (w. + w — b)to sin (w, — w + b)t__ sir_l (‘f°__ @ +_b)t0 \
‘ "‘-’w,-i-w——b) we — @+ b) f
K. ’cos(—w,+w+b)t——cus(-~w,+w+b)tu cos (w. + @ + b}t — cos (w. + w + b)to
F sin w.! sin by - -
4w \ w. + @+ b) (w. + w + b)
cos (we + w — b)t — cos (we + w — bl cos (w. - w;{- b)t — cos (a_)c —w + Ot
‘ - (w, + w —b) (w. — w+b) f

There are four values of w, (w=w,+b and w= —w.+b
for which various terms in x become indeterminate. In
the parallel-plate case the corresponding situation arose
only for w= +w.. Consider now one of the four possible
cases for which w=w. —b; when the indeterminate terms
are subjected to I'Hospital’s rule one obtains:

Ks .
z { — (t—to) sin (w.l— bto)
4w

+ 1:-b) [sin (w.—b)¢ sin b(t—lo)

(we
—sin (w.— b)tg sin w.(2 to) |

1
+ > [sin b2 sin [weto+ (we—b)(£—to) | —sin bto sin w.t]

1
+-— [sin welo sin [we(t—to) +bto]—sin w. ¢ sin bto]: .
w,

The corresponding expression for y when w=w.—b is
similar to that for x, but contains additional terms:

K,
y=—4—g< {(t— to) Cos (wnt_ bto)

1
=7 —;b) [sin (w.—b)t cos b{t—t,)

- cos w.(t—to) sin (w.—b)ty)
1 .
= [sin bt cos |w.t— b(t—te) ] —cos w,t sin bty )

1
+— [sin w.t cos bto—sin weto cos {w.(t—to)+bto)
w,

— 2 sin (wt—bto)+2 sin (we.—b)to]

!(w 2717)[2 sin [(w.—b)t—b(t—1t6) ] —2sin (wc—b)to]} .

Let (t-2o) =7, the transit time from entering cavity at
2=0 to opposite end of cavity at z= 2.

K, )
x=——< —7 sin [wc(to+r)—bto]

7 4w,

1
+———[sin (w.—b)(to+7) sin br —sin (w.—b)to sin w,r]
(“’e_b)

1
+ 7 [sin b(te+7) sin |wto+ (w.—b)7]
sin bty sin w to+r)]
1
[sin (wer+bto) sin wlo—sin w.(to+7) sin bto]} .
o
K
’ "T CoS lwc(lo+1)—bloj

T

5 [sin (w. —b) (to+7) cos br —cos w.rsin (w,— b)lo]

1

‘ [cos (w.r+bto) sin w.to—sin w.(to+7) cos bts
+2 sin (wc(to+1)—blo)—2 sin (wc—b)toj

1

i [sin b(to+17) cos (weto+ (w.—b)7)

—sin bly cos w(to+7)]

2
+ a5 @Bt —br)—sin (w,-_b),o]} :

Now

"

b -
hence

b e ) WES_,.
20 20

therefore, when 7 is the transit time (¢-t0) of the electron

through the cavity in the z direction, =2, in the above
expression, and

br = 7.
In addition, we may notice that use of the condition
(we — b)r = kn k odd

will greatly simplify the expressions for x and y.
Moreover, br =7, making the above condition:

(8 + )r k odd

w.T

or

el A2

WeT = nw 1 even,
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so that this is the same condition on 7 that was used in
the parallel-plate case.

When one uses the condition just discussed, the ex-
pressions for x and y reduce to the following:

x= — =2 sin (we — b)to
We
K,
y = 7 cos (w. — b)to
4w,
then
K,
r = T
Jw,
and
49, H,r
| Eol| = 222
ZoC

The quantity Eo. has thus been obtained in magnitude
in terms of the electron velocity v;, the magnetic field
H,, the length of the cavity 2z, and the radius of the cir-
cle 7: all measurable quantities in terms of which one

PROCEEDINGS OF THE I.R.E.

1147

can measure field strengths or compare field strengths.
This expression differs by a factor of two from the ex-
pression for |Eo,| in the plate case (neglecting fringe
field).

The condition w.r =nw (with # even) means that the
electron velocity v, must take only selected-values given
by:

we %0 2y 20
v, = = n even,
nr n
If, for example, ».=10" cps and 2z,=3 cm,

.= (6X10'°/n),so that with n=100, v,=6X10® cm/sec
(100 volt electrons). As n becomes smaller and the cor-
responding value of v, increases, it becomes more impor-
tant to adhere to the velocity condition, simply because
the deviation of the x and y relations from the simple
form derived will be larger when the velocity v, is such
that n is small and not even, than it will be when 7 is
large and not even. In other words, the larger the value
of v,, the more important it is that the velocity condition
be adhered to, if one wants to use the simple relations
obtained.

Detection at Radio Frequencies by Superconductivity’

J. V. LEBACQZt,

MEMBER, IRE, C. W. CLARK}, M. C. WILLIAMS{,

AND D. H. ANDREWSY

Summary—Detection of radio-frequency currents by super-
conducting columbium nitride has been studied as a function of rf
current, bias current, and temperature. The existence of nonlinear
resistance in the zone between super and normal conduction has been
observed, with specially high values of dR/dI for currents less
than one ma; this is believed to be due to the effect of the magnetic
field of the current superconductivity (Silsbee hypothesis). The ob-
served values of dR/dI account in a rough quantitative way for the
observed rectified potentials and their variation with rf current, bias
current, and temperature at 1 Mc. Increasing rectification at higher
frequencies is observed, but not yet explainable.

INTRODUCTION

N ONE OF the earliest series of experiments ever
made at very low temperatures, the Dutch physi-
cist, H. Kamerlingh Onnes, discovered! that many
metals, when cooled to within a few degrees of absolute
zero, suddenly lose all traces of electrical resistance and
become perfect or “super” conductors. For any particu-
lar metal, the temperature interval in which this state
of superconductivity is entered as the metal is cooled, is
* Decimal classification: R282.11 XR362.9. Original manuscript
received by the Institute, November 1, 1948; revised manuscript
received, April 11, 1949. The experiments described in this paper have
been carried out as a I‘Part of a program of research under Contract
N5-ori-166, Office of Naval Research, Physics Division, U. S. Navy.
t Johns Hopkins University, Baltimore, Md

1 U. S. Army Ballistic Research Laboratory,'Aberdeen, Md.
! H. Kamerlingh Onnes, Leiden Comm., No. 122b, 1911.

called the transition range. It is usually a zone a few
hundredths of a degree wide, the midpoint of which is
called the transition temperature.

This discovery was soon followed by another,? that
although resistance had disappeared completely below
the transition point, it could be restored by passing suf-
ficient current through the metal, the amount of this
restoring current increasing as the temperature was low-
ered further below the transition range. The resistance
was also found to be restored by the presence of a suf-
ficiently intense magnetic field around the metal.

In 1917, Silsbee? pointed out that the strength of the
restoring current reported in a number of cases was just
sufficient to produce at the surface of the metal a mag-
netic field equivalent to that which had been found just
sufficient to restore resistance when externally applied.
It was thus apparent that one had at these temperatures
a resistance R dependent on current I, providing a pos-
sible means of rectification of alternating currents and
detection of radio signals. But the values of dR/dI found
were so small that this possibility was not investigated
further for many years.

* H. Kamerlingh Onnes, Leiden Comm., No, 133, 1913.
91'7F. B. Silsbee, Bureau of Standards Scientific Papers, No. 307;
1 5
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Recently in studying the use of a superconducting al-
loy, cotumbium nitride (CbN) as a bolometer for detect-
ing very weak infrared signals, it was found that, at
certain values of the bias current, there was an abnor-
mal amount of extraneous noise.* This turned out to be
due to pick up from a local commercial broadcasting
station. It appears that with very small bias currents in
this alloy at special regions of temperature, dR/dI at-
tains values many times larger than in metallic elements
and that considerable rectification therefore takes place,
due to nonlinear resistance. Preliminary observations on
this phenomenon have been reported recently® in addi
tion to discussions of the use of CbN as an infrared bo-
lometer,’® so that we shall refer to the earlier papers to
cover descriptions of the details of the preparation of the
alloy and its mounting as a bolometer, and deal here
with the results which point toward the Silshice hypoth
esis® as the explanation of the detection observed.
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Fig. 1—Cryostat or fefrigerating can to maintain bolometer at
15.5°K. Bolometer is shown enlarged X2 in lower left corner.

+D. H. Andrews and C. W. Clark, “Demodulation by supercon-
ductivity,” Nature, vol. 158, pp. 945-946; December 18, 1946.

¢ J. Lebacqz and D. H. Andrews, “Properties of CbN at radio fre-
quencies,” Nat. Electronics Conf. Proc., pp. 11-23, 1948,

¢ D. H. Andrews, R. M. Milton, and \W. DeSorbo, “A fast super-
conductivity bolometer,” Jour. Opt. Soc. Amer., vol. 36, pp. 518~
524, September, 1946.

7 N. Fuson, “The infrared sensitivity of superconducting bol-
ometers,” Jour. Opt. Soc. Amer., vol. 38, pp. 845-853: October, 1948.

s N. Fuson, “Effect of current magnitude upon the behavior of a
superconducting bolometer in its transition region,” Jour. Appl.
Pirys., vol. 20, pp. 59 66 Januarv. 1949,
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I'he bolometer is normally made from a 1-cm length
of columbium nitride ribbon, 1 mm wide and 0.025 mm
thick, cemented on the flattened face of a small copper
rod by a thin layer of bakelite lacquer which insulates
the ribbon from the rod electrically, but leaves it in good
thermal contact. The normal resistance Ry at 15.8°K is
about 1 ohm. Fig. 1 shows such a bolometer in the lower
left-hand corner, and in the main drawing shows the re-
frigerating can or cryostat in which the bolometer is
mounted. The cryostat holds about a liter each of liquid
hydrogen and liquid nitrogen, and will maintain the
bolometer in the sensitive region of temperature for
about twenty hours before refilling. A rock salt window
is provided for passing in infrared signals; radio signals
are sent down the electrical leads from the upper end of
the can or through two special short leads (not shown)
which can be placed next to the rock salt window.

RF
GEN.

Fig. 2—Electrical circuit

The electrical circuit is shown in Fig. 2. Provision is
also made for connecting a Brown recording potentiom
eter (BRP-1) across the bolometer to measure the IR
drop due to the dc bias current (/). Another Brown re
cording potentiometer (BRP-2) equipped with a recti-
fier, can be connected in paralle! with the oscillograph to
record audio signals received. A type K, Leeds and |
Northrup potentiometer is sometimes connected di-
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Fig. 3—Values of resistance (K/Ky) as a function of temperature |
(T’) and bias current () for bolometer #29 R 24. ‘
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rectly across the bolometer to measure rectified poten-
tial from unmodulated rf input signals. The audio am-
plifier gives a band pass of about 200-2,000 cps, the sig-
nal from the bolometer passing first into a low-imped-
ance transformer and then through two stages of audio
amplification. The rectified signal will be denoted by
AEg, and given in microvolts (rms) denoted by uv.

RESULTS

Fig. 3 shows the variation of resistance with tempera-
ture for five different values of direct current passing
through the sample. By cross plotting these and inter
polating, there were obtained the values of dR/dI given
in the second column of Table I corresponding to the
values of dc in the first column labelled Ia.

*T"—’—T_'l

t

Q —» ’,__.A_ 1
15.732'%  Ni5.e78°k =TS
15.732'k! t5.678°K

«—— Time (Temp.)

¢ <«—— Time (Temp.)
Each Division = #0 Sec.

Eech Division * #0 Sec.

Fig. 4—Superimposed Brown recording potentiometer tracings show-
ing rectified voltage (AEg) obtained as temperature is varied from
region of normal resistance through transition to region f super-
conductivity with various values of bias current. Lower curves
show change of dc voltage with temperature for same region.

Fig. 4 shows a typical variation of audio signal with
temperature and with bias current. This figure was pre-
pared by cutting out and superimposing the BRP-2
tracings. The BRP-1 tracings showing the correspond-
ing change of dc potential (and thus of resistance) are

~ shown below each set, for 0.1 ma dc on the left and for
0.2 ma on the right. The rf signal used had a frequency
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of 1 Mc, 80 per cent modulated at 400 cps, and a current
of about 1 ma was flowing through the bolometer. It is
seen that the audio signal reaches a peak value at a tem-
perature in the middle of the transition zone where
dR/dT is a maximum. It reaches a maximum with bias
current at about 0.4 ma.

TABLE 1

Rectification voltages, AEg, calculated by (a) stepwise integration;

(b) calculation from equation (5); (c) by calculation from equation

(4). There is also included for comparison purposes a column of
experimentally observed rectification voltages.

Ia dR/dI AER (calc.) AERg (obs.)
ma ohm amp™! microvolts microvolts
Values for [p=0.535 ma
a) 0.0 500 0 6.7
0.1 485 17 18
0.2 115 24 28
(b) 0.1 185 14 18
0.2 115 24 28
0.3 375 32 53
0.4 335 38 18
(c) 0.5 295 12 18
0.6 250 36 35
0.7 220 32 30
0.8 180 25.6 23.8
0.9 160 22.8 18.8
1.0 120 17.1 16.2
1.5 80 11.4 9.7
2.0 70 10.0 6.3
3.0 60 8.0 1.0
4.0 50 7.2 2.9
5.0 10 5.7 2.3
Values for I,;,=1.07 ma
by 0 500 0 16
0.1 185 27.5 31
0.2 115 47 18
0.3 375 65 65
0.4 335 79 80
0.5 295 83 103
0.6 250 90 118
0.7 220 96 125
0.8 150 106 125
0.9 100 108 >125
(¢) 1.0 90 109 >125
1.5 80 69 92
2.0 70 10 41
3.0 60 34 35
4.0 50 29 26
5.0 40 23 22
£ll"
{100 £ 7 o Lar® 107 MA * 29KR24
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Fig. 5——Maximum rectified voliage for bolometer #29R24 as ob

served and calculated (see Table 1), plotied against bias current
I for two values of lyp.
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In the right-hand column of Table I there are shown
the maximum (with temperature variation) audio volt-
ages (rms) observed when passing in an rf signal at 1
Mec, 80 per cent modulated at 500 cps, using bolometer
29R24. The first part of the table gives the results ob-
tained when an rf current of 0.535 ma was passing
through the bolometer; and the second part of the ta-
ble, when the rf current was 1.07 ma. Fig. 5 shows these
results plotted as AEg against I, the bias current. The
calculated results in the third column will be discussed
in the following section on Theory.

t o o
6 Enecr Ip=4lpa / °
[ .
‘l" 04na /
5 | = lac vamon.
#29R24
4 @ |

G- OBS POINTS
-CALC

|
oL — N T )
550 1560° T~ 1570°K 1§50

Fig. 6 —Rectified voltage (AEg) as a function of temperature (T)
for constant bias current of 41 wa and rf current of 0.4 mi. Calcu-
lated values are shown as solid line, observed values as circles.
bolometer #29 R 24,

Fig. 6 shows the values of rectified voltage obtained
when an rf signal at 1 Mc, unmodulated, was applied,
the rf current being 0.4 ma and the bias current, 41 ua,
being held constant as temperature was varied. The
calculated curve is discussed below in the section on
Theory.

In order to show variation with frequency, percentage
modulation, and direction of bias current, three other
sets of curves from a previous paper® are included as
Figs. 7 and 8. These are the maximum audio signal volt-
ages observed as temperature is varied in the supercon-
ducting transition. These maxima, in turn, are a func-
tion of the above variables.

THEORY

Since we are dealing with a strip of metal mounted as
a bolometer for infra red detection, it is natural to ask
whether rectification is not due in part to heating. Fu-
son’® has made a careful study of the response of these
bolometers to chopped infrared radiation and has deter-
mined their thermal time constants with considerable
accuracy, finding values between 0.005 and 0.0005 sec-
ond in general. The heat capacity of the CbN has been
measured by Armstrong,® so that the thermal conduc-
tivity away from the sample can be calculated in the

9 G. Armstrong, “The low temperature heat capacity of colum-
bium nitride,” Jour. Amer. Chem. Soc., (in press).
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Fig. 7—Maximum rectified voltages obtained in transition for vari-
ous values of bias current, rf current, percentage modulation
and direction of current flow at (a) 1 Mc, (b) 3 Mcand (c) 10 M¢

usual manner. As previously shown,b this is sufficiently

large so that the heating from the relatively small cur-
rents used should produce less than 1 microvolt of recti-
fied potentfal. Morcover, the bias current,”® which gives
maximum response with infrared signals, i.e., with mod-
u!ated external heating, is about 20 ma, whereas the
bias current which gives maximum response with modu-
lated rf is less than 1 ma. In addition to this, there are
the large rectified voltages observed with unmodulated
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£, which cannot be explained on the basis of a “heating
solometer effect.” Therefore we conclude that rectifica-
-ion due to heating is negligible.

On the other hand, the observed values of dR/dI, ap-
sarently due to the displacement of electrons from the
superconducting to the normal state by the magnetic
field of the current, can explain the major part of the
observed rectified voltages and their dependence on
temperature, rf current, and bias current as variables.

Consider first the condition of zero-bias current and
the passage of unmodulated rf through the CbN. As the
current rises from zero to its peak value I,sp in the first
quarter of the rf cycle, the resistance will rise rapidly,
giving a larger value of instantaneous potential across
the sample at the peak value of the rf current than
would be obtained for constant R. However in the third
quarter of the cycle with the current passing in the op-
posite direction, the same excess of potential is created
in the opposite direction, since the resistance rises as a
function of the magnetic field, and does not depend on
the direction of the current. Thus no rectified potential
is to be expected for zero bias current.

If, now, a bias current Iq is introduced, somewhat less
than the peak rf current, the excess E will be greater
when the instantaneous rf current I,; flows with the bias
current than when it flows against it, and rectification
should result. Thus, if dR/dI were constant, the recti-
fied potential AEg should rise toa maximum at the point
where I/, equals I4; and as lqis increased beyond I,
AEp should remain constant at its maximum value.

This can be summarized in the following equations,
which are similar to the usual expressions for nonlinear
resistance:

E = R(Ia+ I) (1
R = Ro+ (dR/d1)(T 4+ I+) (2)
I,y = I4psin 27ft, (3)

where, in addition to the symbols alrecady defined, we
¢ have R., resistance for zero current; [, instantaneous po-
tential; f, frequency; and ¢, time.
Substituting and integrating over a complete cycle,
we get, for the rectified potential:

AEg = 3(dR/dD) 15" (4)

Actually dR/dI is not a constant but falls with in-
creasing I, as may be seen from Table 1. The result is
that AEr does not reach a constant maximum value with
increasing I4, but goes through a maximum and then
falls rapidly, as may be seen from Fig. 5, this fall being
due to the rapid decrease in dR/dI at values where
I¢>I,/,.

The problem of calculating ALp thus falls into two
parts:

(i) The region where Ia> Iy and the variation of
dR/3I is appreciable;
~ (ii) The region where I4</I,, and the rectification i8
incomplete, approaching zero as I4 tends to zero.
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For the second of these two parts, we can use the ap-
proximate expression:

I+ 1 /dR
AEg = -—._(_—>
Iyp 2 \dI
or we can integrate graphically from a plot of E against
I, which is constructed from the observed values of
dR/dI.

In Table I, the second and third values of AEg calcu-
lated in the series marked (a), have been obtained by
graphical integration, the first value for zero bias cur-
rent being identically zero.

The series of values marked (b) have been calculated
from (5), using the mean value of dR/dI for the range
covered.

The series of values marked (c) have been calculated
from (4), in the range where 14> I,y

Because the rf was modulated, the rms values of the
observed voltages have been used as an approximation
to compensate for this additional complication in the
variation of the current. :

It is to be observed, first, that the difference between
the values of series (a), calculated by graphical integra-
tion, differ only slightly from those of series (b), calcu-
lated on the basis of a mean value for dR/dI. It thus ap-
pears that the shape of the curve for dR/dI is such that,
for a rough comparison such as we are making, this ap-
proximation is permissible.

Considering the difficulties of the measurements,
problems of temperature control, losses in the wires
leading into and out of the low-temperature chambers,
and the as yet unexplained frequency dependence, we
cannot expect too close a correspondence between cal-
culated and observed values actually found. The agree-
ment may, under these circumstances, be regarded as
tending to confirm the explanation of the rectified volt-
ages as due to the Silsbee phenomenon.

The calculated curve in Fig. 6 is also obtained with
the help of (5) and explains the variation of AEg with
temperature as due to the variation of dR/dI, which is
a maximum in midtransition, and becomes zero at tem-
peratures both above and below the transition.

The presence of rectified voltage in the absence of bias
current is not explained by this theory, and must be at-
tributed to some additional phenomenon which is de-
pendent on the direction of the current, as may be seen
from the curves in Fig. 7 (a), (b), (¢).

Since the publication of the first report on supercon-
ducting rectification, several investigators have
checked!®1? on the rectification to be expected when
relatively large currents are used, in general, sufficient
to carry the resistance completely through the transi-

10 B, G. Lazarev, A. A. Galkin, and V. I. Khotkevich, “Some ex-
periments on superconductivity at radio frequencies,” Doklady Acad.
Sci. Ukraine, vol. 55, p. 817; 1947,

u A. A. Galkin and B. G. Lazarev, “Detecting properties of super-
conductors,” Doklady Acad. Sci. Ukraine, vol. 59, pp. 669; 1948,

3 Privately printed report under O. N. R. Contract, Physics
Dept., Rutgers University, to be published shortly.
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tion from the superconducting to the normal state; and
they have confirmed the customary Silshee theory as
applying in such cases.

The rectification in the case of CbN using small cur-
rents appears to be due, however, to a kind of Silshee ef-
fect several orders of magnitude larger than has been
found with relatively larger currents in metals and al-
loys previously studied. The explanation of this “hvper
Silsbee effect” must await a more detailed understand
ing of superconductivity itself.

Finally, it must be noted that although the simple
equations (4) and (5) appear to be applicable at a fre
quency of 1 Mg, the curves in Figs. 7 (a), (b), (c) show
that, at higher frequencies, the rectified voltages in
crease very. considerably. This raises the question of
how long it takes for electrons to go from the normal to
the superconducting state, or vice versa. This has been

OF T11k LRI Oclober
recognized as a most nterest ing problem for some years.
It was first studied extensively by Silsbee, Brickwedde
and Scott'*! and has assumed special importance in
connection with the behavior of microwaves in super-
conductors. It is possible that the frequency dependence
of rectification in CbN mayv be a function of the re-
sponse time of electron regional transition.
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Generalized Theory of the Band-Pass

I.ow-Pass

Analogy’

P. R. AIGRAINY, sTupENT, IRE, B. R. TEARE, JR.{, SENIOR MEMBER, IRE,
AND E. M. WILLIAMS], SENIOR MEMBER, IRE

Summary—A generalized theory of band-pass low-pass equiv-
alents is developed using Laplace transform analysis, and it is shown
that video equivalents exist not only for symmetrical systems, but
also for dissymmetrical systems with low-level modulation. Several
illustrations are given.

YHE BAND-PASS low-pass analogy' provides a

7][ means of simplifying the analysis of amplitude-

modulated carrier systems which otherwise would

be extremely tedious, especiallv when transient phenom
ena are involved.

This useful alternative analvsis has not been exten.
sively applied, however, possibly because its general
theory, breadth of application, and limitations have not
been widely understood. The purpose of this paper is to
give a rigorous derivation of the band-pass low-pass
analogy, and to discuss and illustrate its use in the
classes of transient and steady-state problems in which
it is applicable.

The concept of the equivalent video amplifier is illus-
trated by the two systems of Fig. 1. Fig. 1(a) shows a
generalized amplitude-modulated carrier system com
prising an oscillator as carrier source, a modulated stage
in which the carrier envelope is made to vary linearly
with the instantaneous amplitude of the signal a(t), a
band-pass network which includes all the high and in-

* Decimal classification: R143.2. Original manuscript received,
July 22 1948; revised manuscript received, April 7, 1949.

t Service d'Etudes et de Recherches de la Marine Francaise
Ecole Normale Superieure, Paris, France.

termediate frequency sections of the transmitter, re-
ceiver, and transmission link, and a linear detector, the
output b(¢) of which is similar in form to the variable
part of the carrier signal envelope at its input. In an
ideal system b(¢) would be identical (except for a possi

ble constant multiplying factor) with a(¢). However, in
most realizable systems there are distinct differences be-
tween b(¢) and a(¢). The equivalent video system, shown
in Fig. 1(b), is a hypothetical low-pass amplifier which

for the same input signal a(¢), has a signal output of the
same form b(¢) as the band-pass svstem. The elements
of the equivalent system are usually, though not neces

sarily, physically realizable

— —
OSCILLATOR
1 SINGA
1 - . -
a(t) [MODULATED | [1+ a(t)] SINGt | BAND PASS | [A+ bit) SNt ¢+ gx) bit)
—d t - 1 ~| DETECTOR |
37aGE | ameLFiER
(a)
a LOW PSS (4
AMPL_FER
b)

Fig. 1-—(a) Above, generalized amplitude-modulated carrier
system. (b) Below, the video equivalent.

It has been pointed out by Cherry? that the existence
of an equivalent video system is a sufficient condition

21> . " Cpmetl] 0 L
l£. Colin Cherry, “The transmission characteristics of asym

~—

t Carnegie Institute of Technology, Pittsburgh, Pa.
V. D. Landon, “The band-pass low-pass analogy,” Proc. I.R.E.,
vol. 24, pp. 1582-1584; December, 1936.

metric-sideband communication networks.” in two parts, Pt. |
Jour. IEE (London), vol. 89, pt. 111, pp. 19-42; March. 1942, And
Pt. 11, Jour. IEE (London), vol. 90, pt. 111, pp. 75-88; June, 1943.
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for a linear relation between b(¢) and a(¢) and that the
nonexistence of a video equivalent in any system is an
indication of a nonlinear relationship between detector
signal output and modulated stage signal input. For this
reason the theory of the band-pass low-pass analogy
takes on an interesting general significance quite apart
from its utility in the solution of specific problems.

The theory of the video equivalent is derived by use
of the Laplace transform.® An alternative approach us-
ing Fourier transforms could be adapted from Cherry.?

\We begin by considering the carrier system of Fig.
1(a) in detail. An oscillator supplies a sinusoidal voltage
of unit amplitude and frequency wo to a modulated stage
in which the modulating input signal a(¢) is applied. The
modulated stage is assumed to have such idealized prop-
erties that its output is a voltage (1 +a(f)) sin wet which
is the input to a band-pass amplifier. The output of the
band-pass amplifier is a voltage dof form [A4.+b(t)]
sin (wot+¢(?)), in which A, is a constant, and this volt-
ageissupplied toa detector whose properties are assumed
to be such that the output voltage is the variable part of
the envelope of the input; that is, b(¢). The arbitrary
part of the system, the band-pass amplifier, is described
by its transfer function G(jw), the ratio of output toin-
put under steady-state ac operation. The transfer func-
tion may also be written as 4(w)e®® in which 4 and 0
are the amplitude and phase functions.

The problem is, to determine under what conditions
there is a low-pass amplifier which is equivalent to the
carrier system, an amplifier which will give the same
output b(t) for the same input a(?).

The form of the response /(f) of the band-pass ampli-
fier when the input is f(¢) sin we! may be expressed in
terms of Laplace transforms as

1
h(t) = — {eiotL-1{F(s)Gp(s + jwo))
25

(1)

in which F(s)is the transform of f(¢), and L' indicates the
operation of taking the inverse transform. If s is con-
sidered to be real, and this can be assumed without loss
of generality,* the expression (1) may be simplified® to

h(t) = 3erwt =1 [F(s)Ga(s + jwo) |. (2)
This may be expressed more uscfully by introducing new
quantities p(t), g(¢), m(), and ¢(¢) as follows:

L F(s)Ga(s + jwo) | = p() + ja(t) = m(Dei*®,  (3)

where p(¢f) and q(¢) are the real and imaginary parts of
the inverse transforms, and

m(t) = [{p()}2+ {q(®}2]12 = | L [F(5)Gu(s + jwo) ] | @)

— fgiwet]—1 [F(S)Gn(s - j“"ﬂ) ] }

3 M. F. Gardner and G. L.. Barnes, “Transients in Linear Sys-
tems,” vol. I, John Wile“y and Sons, Inc., New York, N. Y., 1942,

4 R. V. Churchill, “Modern Operational Mathematics in En-
gineering,” McGraw-Hill Book Co., New York, N. Y., 1944; par-
ticularly Chapter VI, Section 53.

b The symbols R and 3 will be used to designate operations of
taking the real and imaginary parts, respectively.
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¢ = tan ‘7(-5 = angle of L7'|F(s)Ga(s + jwo)]. (3)
Then
h(t) = 3m(t)tilwot+¢(l)l
= m(f) sin [wet + &(9) ). (7
In the case under consideration
f(&) = 1+ a(t); (8)
hence its transform is
1
F(s) = — + A(s) (9
s

and we are concerned only with m(¢), the envelope of the
modulated carrier wave k(t), since the variable part of
m(t) is the output of the system. From (4) and (9)

1
m(s) = ‘ = {TG"(S + jwo) + A(5)Ga(s + jw.,)} ' (10)

It is assumed that the carrier frequency has been ap-
plied for a very long time, and it will next be shown that
the first term of (10) is the steady-state response to the
carrier alone. The final value theorem?gives for the first
term of (10)

1
lim L~ — Gg(s + jwo) = Ga(jwo).

—® s

(12)

In terms of amplitude and phase functions this is
A (wo) €@, For brevity A(wa) will be written 4, and
8(wo) as Bo. Then m(t) may be written as the absolute
value of the sum of the two complex numbers,

m(t) = | Ao + L'A(5)Ga(s + jwo)|

in which s is real (s is integrating variable and integra-
tion is over a contour in complex s plane). The first term
gives the response to the carrier alone and is contant,
and the second term is, in general, a function of time.

(13)

"Reference to (2) to (5) shows that the whole expression

(13) is the amplitude of a rotating vector wo which rep-
resents the output of the band-pass amplifier. At any
time ¢ this expression may be represented by the vector
diagram in the complex plane shown in Fig. 2. The out-

IMAGINARY
AXIS

L7AS) G, (S + jwl)

.
&

N
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Fig. 2—Vector diagram for' m(t) giving the envelope of the output
of the band-pass amplifier.
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put of the detector consists of the varving or ac com
ponent m (1), that is. the second term (13).

Consider now the equivalent video amplifier shown in
Fig. 1(b) which has a transfer function G:(s). Theequiv-
alence means that for the same input a(s). its output
5(1 is the same as the variable part of the output m of
the amplitude-modulated carrier system. Now

) = LG L(NA). 14

and the problem of determining the video equivalent
reduces to that of inding whether and when it is possible
to find a function G 1{&) which is the transfer function of
somie circuit, not necessarily a physically realizable one.
such that

) = mi) — C. (13

C being constant or the dc component of m () attnbuta-
ble to the first term of (13). A necessary condition for
the existence of a single video equivalent circuit is that
when a(f) is multiplied by a constant factor X, Ai7 is
also multinlied by the same factor K. and my
changed to

n

A & [KA(Cs(s + jun) | = KM +C

Thus there is equivalence only if the vanable part of
w1 (i) is proportional to

L' 4(%Gsls + foe) '

Frem Fig. 2
for only two distinct conditions:

Aee™ and L4 ()G s(s = ko) have the same phase angle
< being real’ 4, and Case I1, in which

it may be seen that this is true in general
Case I. in which

Ae® > LA (9Gs(s + o

and changes in the resultant vector are propornional to
the macnitude of the second. very small component.
These cases will be considercd separateh

& / have the same phase

Case It Ase™ and 4,Gris

angle & hence ¢4, Cs s+ isreal. A comparnson of
13 and (14 shows that the video equivalent exists and
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about « =w: and. conversely, any system which has this
svmmetrv will make (16} real and falls into this case.
The case in which there is symmetry of amplitude and
phase characteristics about the carrier frequency is the
case previously discussed in the literature.! It may be
observed that no physically realizable system can be
evactly svmmetrical about a frequency wy. since net-
work theory requires that i@ shall always be sym-
metrical about « =0, and any function having two azes
of svmmetry must extend o infinity. Sy mmetry can be
obtained approximately, however, if the amplifier pass-
band is onlv a small fraction of we. The effect of this ap-
proximation on the accuracy of results obtained from
the video equivalent for any real network can be shown
to be related to the “switching angle.” or phase of the
carrier voltage within 1ts signal envelope. The actual
transient response of an approximately sy mmetrnical car-
rier svstem is independent of this switching angle at all
time except those immediately following the
initiation of the transient. and it is during this indial
peried that the video-equivalent response 1s not ven
preciselyv indicative of the prototype carrier siysten
response.

1mstanis of

Cose I

Ase™ I L=V4(OGsls — ras). 153
This 1s the casze in which the depth of modulaton in
the input signal to the detector1s small. The expression
13 for m ; can besimplined because of low medulation
depth as follows
mi) = 4™ = ReMLd OGals — fug)

+ WL (510s(s + jve)

Because of inequality (17 the imaginan part con-
tributes a neghgible amount to the magnitude. and

since ¢ 1z a3 constant independent of s 1t mav be
moved inside the operator L= giving
w4y = I ORI MG L fly 18)

,

By companson of (18

a circintg wath a transfer {uncuion?

12" 17 35 evident that

= ReMGsis — fuy

is the \video equivalen:

The case has not previeusly been fully developed in
the literature although it mav be deduced from Poch
and Epstein.® A small depth of modulazion a1 the de-
tector can be the result either of small medulation depth
at the :'-c-é‘...i.r.e:’. stage or of reinserted or “exalted” car-
rier operanion. such as with injection of 2 large locally

' ln oalime b 5 et of the % 3
., In miiag the real par: ¢ be right-hand expression ¢ is con
sidered 0 be real. After having raken the resl part e=iu is subsu-

tuted in the mew expression 10 ol
function

'W. J. Poch and D. W, Epstein, “Partis! supdress 1
YN Rnas s b <€20 . ATlaas SUpfressyon o Omes
jqie':..,fd .!no:‘l;e\*@m reception.” Proc. LRE., vol. 25, pp. 15-31;

the equivales: video transfer




1949 Aigrain, Teare, and Williams: Band-Pass Low-Pass Theory 1155
generated carrier, or by the use of a sharply tuned The steady-state gain is of the form
carrier emphasis filter.
It is important to note that the video equivalent of Eour = g2z
a circuit in this case is not the same as that of the E;, . *
same circuit or form of circuit under symmetrical con-
ditions. Gute
When the conditions of either cases I or II are not
met, there is no video equivalent and, furthermore, .
the carrier system is nonlinear in the sense described in
this paper. This case is treated in detail by Cherry,? who -
derives a more elaborate equivalent low-pass system, g . ~
the output of which is the square root of the sum of the | 3% L.
squares of the individual outputs of two parallel linear J‘*N'N‘I I
low-pass networks. In conclusion, several illustrations
are given in video equivalents for some common carrier wee u 9=9,%0
systems.
Case I: Consider a carrier amplifier with the char- (@
acteristics of a series R, L, C circuit, Fig. 3(a), to P L
R .'_ 4 S;L
L L o—— )
(b)
< A Fig. 4—(a) Two-stage symmetrical amplifier used as Fig. 2.
(b) Video equivalent for (a).
n L
L -I- c
The impedance transfer function is
(a) ®) Gplw) = Z;(w)Zz(w),

Fig. 3——(a) Series R, LC circuit used in Fig. 1. (b) Video

equivalent for (a) in the case of low-level modulation. orin symmetncal form

1
CoCa[we?0?+ 4D — 4(w—wo) '+ j4Quo(w—w) |

Ga(w) =

which there is applied an amplitude modulated signal

d
at the resonant frequency. We may take Gg(w) as an

1
CzCa [wo?Qz'f:‘i_D‘z :{-qs’-lfwwos ] )

(@) = R 1 Ga(s+jwe) =GL(s)=
Gple) = R + '<wL - ——)

B J .
This video equivalent is realized in Fig. 4(b) if
or, in terms of we=1/4/LC, with the approximation

w/wo+wo/w>2, R -

T CoCalwoQ? + 4D?]
C = 4QuwCCs

27w — w.
5 GB(“’) =R+ '][‘2(' ]

weC

Ge(s + jwo) = R + 2sL
- 1
" QuiCCa[we?Q? + 4D?]

and 8, is zero so that G.(s)=R-+2sL. The video equiva- Z

lent, as is generally known for the case,! consists of a

resistance R in series with an inductance equal to twice Case 11: Consider again the series R, L, C circuit of

the inductance in the original band-pass system. Fig. 3(a) with wo=1/4/LC, but in the case in which Q
As a second illustration consider the two-stage ampli- is too low to make the approximation w/wo+we/w~2.

fier of Fig. 4(a), which is made approximately sym- Then it can be shown that

metrical for a carrier frequency wo by setting

Ls
GL(S) = R + Ls + P ————))
= 1 LCs?
Q1 =0 i<<1 + LCs
o (2]] wo+ D 0

Wy = wo — 1) D<K w

and the circuit of Fig. 3(b) is a video equivalent for low
modulation levels.

S
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Donald H. Andrews was born in South-
ington, Conn., on june 11, 1898. He spent
one year at Phillips Academy, Andover,
and entered Yale in
the Fall of 1916, re
ceiving the B.A. de-
gree in 1920. In 1923
he was awarded the
Ph.D. degree, and
remained at Yale for
one year as research
assistant to Dr. John
Johnston. Following
this he went to the
University of Cali-
fornia on a National
Research Fellowship
to continue research in low temperature
calorimetry during 1924-1925. He was
granted an International Research Fel-
lowship and went to Leiden, Holland, in
August, 1925, where he continued research
at the Physics Laboratory of the Univer-
sity in absolute zero temperature studies.
In August, 1926, he was appointed Rescarch
Fellow at the Bartol Research Foundation
of the Franklin Institute in Philadeiphia,
Pa., where he remained until September,
1927. At that time he came to The Johns
Hopkins University to teach thermodynam
ics and direct research in calorimetry.

Dr. Andrews was promoted to associate
professor in 1929, and to professor of chemis-
try in 1930, the chair which he had held
since that time. Since 1943 he has devoted
full research time to the “Cryogeny Labora-
ory,” a research unit which he organized
for studies at very low temperatures. Dr.
Andrews served as Director of the Chemistry
laboratory from 1936 to 1942. He initiated
the organization of an atomic research unit
in 1936, which was carried on by members
of the staff, later becoming associated with
the atomic bomb project. He has served as
chairman of the Baltimore branch of the
Association of Scientists for Atomic kduca-
tion, and as a member of the Board for
Foreign Policy Association, of the United
Nations Association, and of the United
World Federalists in Maryland. In 1936 he
was asked to serve as a member of the First
Scientific Commission of L'Institut Inter-
national de Froid, and in 1948 he served as
a representative of the United States on the
organizational commission which met in
Amsterdam,

[). H. ANDKREWS

For a photograph and biography ol
PierrRE R. AIGRAIN, see page 900 of the
August, 1949, issue of the PROCEEDINGS OF
THE L.LR.E.

For a photograph and biography of E. M.
\WVILLIAMS, see page 902 of the August, 1949,
issue of the PROCEEDINGS oF THE L.LR.E.

W. Lindsay Black (M'36—SM’43) was
born on February 8, 1900, at Asbury Park,
N. J. In 1918 he joined the engineering
department of the
Western Electric Co.
which became the
Bell Telephone L:bo-
ratories in 1925,
where he is now a
member of the tech
nical staff. He has
? been engaged in the
‘ ; development and in-
é_ | stallation of radio and

“* carrier apparatus and

, i and, more

\W. L. BLack systems and, mo
recently, of appara-

tus and systems particularly, including

such equipment for radio broadcasting and
sound reproduction.

Mr. Black is « member of the Acoustical
Society of America, the American Institute
of Electrical Engineers, and the Audio Engi-
neering Society

Chester W. Clark was born in San Fran
cisco, Calif,., on July 18, 1906. He received
the B.S. and M.S. degrees in chemistry from
the Universit of
California in 1927
and 1929, respec-
uvely. In 1935 he
was awarded the
Ph.D. degree in
physics from the Uni
versity of Leyden,
Netherlands. During
1929-1933 he was as-
sociated with the
Standard Oil Com-
pany of California,
as a research chem-
ist. He taught in the College of Chemistry
at the University of California from 1935 to
1937, and at the San Francisco Junior Col-
lege from 1937 to 1941, During 1he period
1941-1946 Dr. Clark was a member of the
Ordnance Department of the U. S. Army
returning to teaching in 1946 at the Johns
Hopkins University. In 1947 he became a
low-temperature consultant and physicist at
the Naval Rescarch Laboratory, leaving
there to accept the position of scientific
assistant to the director, Ballistic Research
Laboratories, at the Aberdeen Proving
Grounds, Md., where he is now engaged
He holds the rank of lieutenant colonel in the
U.S. Army.

CHESTER \WW. CLARK

For a photograph and biography ot
RoHN TRUELL, see page 1260 of the October,
1948, issue of the PROCEEDINGS OF THE
I.R.E.

Richard H. DeLano (A’48) was born in
Los Angeles, Calif., on August 13, 1925. He
received the B.S. and M.S. degrees in
electrical engineering
from the California
Institute of Technol-
ogy in 1946. Since
1946 Mr. DeLano
has been with elec-
tronics  department
of the Hughes Air-
craft Company, en-
gaged in investiga-
Y tions on automatic
tracking radar and
missile control sys-
tems.

Mr. DeLano is a member of Tau Beta Pi
and the American Institute of Electrical
Engineers.

Ricitarp H. DELANO

Dennis L. H. Gibbings was born at
Hobart, Tasmanta, on October 18, 1925. In
1942 he entered the University of Tasmania,
receiving the degree
of Bachelor of Engi
neering in 1946, and
Bachelor of Science
in 1948. Since gradu-
ating in engineering,
Mr. Gibbings has
been employed as a
rescarch student in
the electrical engi
neering department
of the University, en
gaged on research
work concerned

D. L. H. GiBBINGs

_ chiefly with transient phenomena in elec

tric wave filters.

Recently he was awarded a Studentship
by the Australian Commonwealth Scien-
tific and Industrial Research Organization,
and is shortly to proceed to England to study
electronics at the University of Manchester.

Philip S. Jastram (M'45) was born in
Providence, R. I., on February 28, 1920. He
received the S.B. degree from Harvard Uni
versity in 1943, and
the Ph.DD. degree
from the Universit
of Michigan in 1948
From 1943 to 1943
he was a member of
the staff at Radio
Research Laboratory
in Cambridge.

During the last
two years, Dr. Jas
tram has been carry-
ing on research in
) nuclear physicsat the
University of Michigan, where he is an in
structor in physics. He is a member of the
American Physical Society, Sigma Xi, and
Phi Beta Kappa.

P.S. JastraM
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Ronold King (A'30-SM’43) was born on
September 19, 1905, at Williamstown, Mass.
He received the B.A. degree in 1927 and the
M.S. degree in 1929
from the University
of Rochester, and the
Ph.D. degree from
the University of
Wisconsin in 1932,
He was an American-
German  exchange
student at Munich
from 1928 to 1929; a
White Fellow in
physics at Cornell
University from 1929
to 1930; and a Fel-
low in electrical engineering at the Univer-

RovoLp KING

sity of Wisconsin from 1930 to 1932. He con-

tinued at Wisconsin as a research assistant
from 1932 to 1934. From 1934 to 1936 he
was an instructor in physics at Lafayette
College, scrving as an assistant professor in
1937.

During 1937 and 1938, Dr. King was a
Guggenheim Fellow at Berlin. In 1938 he
became instructor in physics and communi-
cation engincering at Harvard University,
advancing to assistant professor in 1939 and
to associate professor in 1942. He was ap-
pointed Gordon McKay professor of ap-
plied physics at Harvard University in 1946.

Dr. King is a Fellow in the American
Physical Society, the American Association
for the Advancement of Science, and the
\merican Academy of Arts and Sciences.

o
ol

Jean V. Lebacqz (M'46) was born in
[ilff, Belgium, on July 30, 1911. He re-
ceived the I5.F. degree from the University
of Brussels in 1933,
and the Ph.D. de-
gree from Stanford
University, in 1935.
He was employed by
by the SOFINA, in
Brussels, until 1939,
when he joined the
teaching staff of the
electrical engineering
department of the
University of Cali-
fornia, as an instruc-
tor

In 1943, Dr. Lebacqz became a staff
member of the Massachusetts [nstitute of
Technology, leaving in 1946 to go to The
Johns Hopkins University, as an assistant
professor on the electrical engineering staff.

7%

JEAN V. LresacQz

L]

(. . Macfarlane (S'35-A'39) was born
in 1916 at Airdrie, Scotland. He received
the B.Sc. degree with first class honors in

electrical engineering in 1937 from Glasgow
University. From 1937 to 1939 he pursued
postgraduate research at the Technische
Hochschule, in Dres-
den,and wasawarded
the Dr. Ing. degree.

Since 1939 Dr.
Macfarlane has been
engaged in mathe-
matical research at
the Telecommunica-
tions Research Es-
tablishment, Min-
istry of Supply, in
Malvern, England,
where he is in charge
of the theoretical
physics division. He has published a number
of papers on waveguides, tropospheric wave
propagation, noise, and mathematics.

Dr. Macfarlane is an associate member
of the Institute of Electrical Engineers, and
a Fellow of the Physical Society, London.

G. G. MACFARLANE

Gordon P. McCouch (S'41-A’45) was
born on May 5, 1920 in London, England.
He received the A.B. degree in 1941, and the
M.A. degree in 1948,
both from Harvard
University. He has
been a licensed radio
amateur since 1936.
From 1942 through
1945, he was a re-
search associate at
the Radio Research
Laboratory; of this
period, the latter two
years were spent in
England and conti-
nental Europe with
the Telecommunications Research Estab-
lishment and the American British Labora-
tory. At this time he was engaged in field
applications of radar countermeasures and
vhf radiotelephone equipment; for this work
he received the Army-Navy Certificate of
Appreciation.

Since 1945 Mr. McCouch has been a
member of the engineering staff of Aircraft
Radio Corp., where he has been principally
concerned with signal generator develop-
ment. While on leave of absence from ARC
during 1948, Mr. McCouch held a teaching
fellowship at Harvard University.

G. P. McCotcu

Gordon Newstead was born in Cairo,
Fgvpt, on July 1, 1917, In 1939 he received
the degree of Bachelor of Engineering with
Honours from the University of Melbourne,
and also obtained first class Ilonors in Ap
plied Mathematics. After graduation Mr.
Newstead was employed as a senior demon

strator in electrical engineering by the Uni-
versity of Melbourne, and then as a com-
munications enginecer with the department
of Civil Aviation. In 1945 he was awarded
the degree of Master of Electrical Engineer-
ing for a thesis on aviation radio covering
the work on which he
was engaged while
with the depart-
ment.

Since 1944, Mr.
Newstead has been
lecturer in electrical
engineering at the
University of Tas-
mania, concerned
with electronics and
communications. His
research work and
publications have
been on circuit theory and the ionosphere.
Mr. Newstead is an associate member of the
Institution of Engineers of Australia.

GORDON NEWSTEAD

.
o

Hermon H. Scott (M'35-SM'43) was
born in Somerville, Mass., on March 28,
1909. He holds the degrees of B.Sc. and
M.Sc. from the Mas-
sachusetts Institute
of Technology, and
was associated with
the General Radio
Co. for 15 years, first
as sales and develop-
ment engineer, and
later as executive en-
gineer in charge of
A audio frequency,

- acoustic, and broad-

H. H. ScoTT cast dev'clopments.

He is the inventor of

RC tuned circuits and oscillators, the dy-

namic noise suppressor, and other circuits.

Ieading companies throughout the world

are licensed to use these inventions, includ-

ing Electric and Musical Industries, Ltd.,

the British manufacturers of Ifis Master’s

Voice and Columbia records and phono-
graphs.

At the present time, Mr. Scott is presi
dent and director of engineering of Hermon
Hosmer Scott, Inc., Cambridge, Mass.,
which company manufactures dynamic
noise suppressors, amplifiers, broadcast
station and laboratory equipment, and
sound-measuring apparatus. The company
is also active in the development of elec-
tronic musical instruments.

Mr. Scott is also a fellow of the Acous-
tical Society of America, a member of the
American Institute of Electrical Engineers,
the Audio Engineering Society, and the
American Institute of Physics, and associ-
ate member of the Society of Motion Picture
Engineers. He is also Chairman of the Bos-
ton Section of The Institute of Radio Engi
neers.

J—_
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K. Tomiyasu (S'41-A'42-M'49) was
born on September 25, 1919, at Las Vegas,
Nev. He received the B.S. degree in electrical
enginecring from the
California Institute
of Technology in
1940, and the M.S.
degree in communi-
cation  engineering
from Columbia Uni-
versity in 1941. After
further graduate
study at Stanford
University, and at
Harvard University,
he was awarded the
Ph.D. degree in en-
gineering science and applied physics from
Harvard in 1948.

In 1947-1948, Dr. Tomiyasu was a re-
search assistant at Harvard, under the ONR
Contract N5-0ri-76 T.0.1, supported jointly
by the Navy Department, Office of Naval
Research, and the Signal Corps of the U. S.
Army. He was appointed a teaching fellow
in 1946 and instructor in 1948 in the depart-
ment of engincering sciences and applied
physics, Harvard University, where he was

K. ToMiyasu

PROCEEDINGS OF THE I.R.E.

engaged until September, 1949. At present
he is employed as a project engineer in the
microwave department of the Sperry Gyro
scope Co.

B. R. Teare, Jr., (A'41-SM'45) was born
in 1907 in Menomonie, Wis. He received tl.1e
B.S. degree in 1927, and the M.S. degree in

1928, both from the

"  University of Wiscon-

sin. After another
year of graduate work
he was employed by
the General Llectric
Company, where he
was associated with
the advanced course
in engineering. He
was an instructor and
assistant professor of
electrical engineering
at Yale University
from 1933 to 1939, and completed the work
for the degree of doctor of engineering in 1937.

Dr. Teare now is Buhl Professor of elec
trical engineering at the Carnegie Institute
of Technology, and head of the department

\B. R. TEARE, JR.

Correspondence

October

of electrical engineering. He is a past Chair-
man of the IRE Pittsburgh section, a mem
ber of Sigma Xi, and a Fellow of the Ameri
can Institute of Electrical Engineering. In
1937 he received the George Westinghouse
Award in Engineering Education from the
American Socicty of Electrical Engineering.

Mary Camilla Williams was born in Al
bany, N. Y., in 1923. She attended the Cal-
vert and Bryn Mawr Schools, in Baltimore,

Md., receiving the
A.B. degree from
Bryn DMawr Col
lege in 1946. Miss
Williams has been
engaged in labora-

tory work since 1944,
when she became a
technician at the
Cryogeny  Labora-
tory of The Johns
Hopkins University.
She is now a research
assistant, attached to

M. C. WiLL1AMS

the same institution.

Positive-Grid Characteristics of a
Triode*

In a recent paper by Wood,! the grid ina
positive-grid triode was considered as a vir-
tual cathode, and the author sought to ex-
plain the deviation of his theoretical curves
from the experimental ones by means of sec-
ondary emission, as stated in his observation
(C). 1 cannot agree with him in his explana-
tion,

At first, as Wood indicated in his paper,
when the plate voltage is greater than the
grid voltage, secondary-emission current, if
any, can only flow from the grid towards the
plate, and thus adds to the plate current.
Consequently, any secondary emission pres-
ent in this condition will simply alter his re-
sult in the opposite sense to his observation
©).

Regarding his deviations, | should like to
state that they actually came from hisas-
sumption that the grid could be considered
as a “virtual cathode.” Thus, when he di-
rectly applied his equation (1), he actually
fixed the field pattern of the potential distri-
bution to one which corresponds to the max-
imum or space-charge-limited current, as-
suming the grid plane to be replaced by an
emitter. This is a limit which usually cannot
be realized in an actual triode. Should we in-
sist on assuming the grid plane as an emitter,
the emission would be mostly temperature-
saturated, instead of space-charge-limited.

® Recelved by the Institute, March 14, 1949.

V George W. Wood, *Positive-grid characteristics
of a triode,” Proc. I.R.E., Vol. 36, 804-809; June,
1948.
1 George Jaffé, “On the currents carried by elec-
trons of uniform initial velocity,” Phys. Rev., vol. 65,
pp. 91-98, February, 1944.

In order to clarify this point, it is well to
refer back to Jaffé's paper,? where Jaffé indi-
cated that the equation (1) used by Wood
corresponds to the maximum current which
can enter the fixed discharge space. In that
case, we always observe a fixed potential dis-
iribution pattern with a minimum located
somewhere beyond the emitter. As a result
we certainly cannot apply that equation if
the current is not space-charge-limited, es-
pecially when there is no potential minimum
in the space. In the latter case, we have the
Branch I condition in Jaffé's paper. The cur-
rent is much smaller than the space-charge
limit calculated by Wood, since there is a
positive potential gradient on the emitter.

In a triode we certainly do not always
have a potential minimum between grid and
plate. The potential distribution itself de-
pends largely on the space current which can
enter the grid-plate space. Furthermore, the
plate current of a triode obviously depends
on the total emission from the cathode; it
cannot be simply fixed by the grid and plate
voltages. As an example, let us suppose that
the grid is of the same potential as the neigh-
boring potential of the grid plane. The pres-
ence of the grid will, therefore, have no ef-
fect on the potential distribution in this case.
In other words, we get the same potential
distribution as would occur in a diode de-
generated from a triode with the grid omit-
ted. There, the potential-distribution curve
between the grid and plate electrodes is ob-
viously monotonously increasing according
to V="V, (x/a)¥4, in the case of plane elec-
trodes, or to V= Va (8% /Bu?r.)"4= V, (r/
ra)¥3, in cylindrical electrodes, where, for
simplicity, the cathode radius is assumed to
be negligibly small, so that the Langmuir's

function 82=p8,=1. The flow of current is
here limited by space charge, and cannot be
larger; or it would be better to say that the
current is limited by the space charge in the
entire space from cathode to plate, and is by
no means limited by the space charge be-
tween the grid and plate planes only. This is
a simple example where no potential mini-
mum is present. The actual current is, nat-
.urally, much smaller than that predicted
from Wood's equation (1). We cannot con

sider the grid as an emitter or virtual cath-
ode. Instead, we have to use the complete
solution from Jaffé's paper. It is easy to see
that the deviation will be large when E; and
Vo are larger, as was observed by Wood. The
same reasoning explains the deviation of the
results of Table I also, where J becomes too
small as E, increases.

For these problems it would seem to be
more convenient to choose the potential gra-
dient or the slope of the potential-distribu
tion curve at the grid,plane as a parameter.
A potential minimum will appear only when
that gradient becomes negative.

So far as current distribution in triodes is
concerned, it is rather unnecessary to work
out the problem in the way proposed. A
much simpler and more accurate method was
developed by Chaffee.? Based on that
n.lethod, we have obtained a complete solu
tion of current distribution of primary cur-
rent, and secondary current in power tubes

Hsiung Hsu

Cruft Laboratory

Harvard University

Cambridge 38, Mass.

! E. L. Chaffee, “The characteristic curves of the

tlgigge." Proc. I.R.E., vol. 30, pp. 383-395; August,

{
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Institute News and Radio Notes

TecuNicaL COMMITTEE NOTES

The Standards Committee at a meeting
held July 14 reviewed and approved a scope
of activities for each of the technical commit-
tees, and will submit the plans to the Board
of Directors for final approval. Preliminary
arrangements were made for the formation
of a technical committee on Measurements.
It was announced that a proposed standard
for reference designations (for the identifica-
tion of electrical, electronic, and mechanical
parts and their associated graphic symbols)
has been prepared by the Symbols Commit-
tee and presented to the Standards Com-
mittee and to the RMA for approval and for
possible co-sponsorship. The Master Index
of IRE, and tentative definitions prepared
by the Definitions Co-ordinating Subcom-
mittee under the chairmanship of Axel G.
Jensen, will be published in August. This
Subcommittee has set up a task group to
co-ordinate the definitions of pulse, another
group to deal with definitions of transducer
and another with electronics. The joint
IRE/AIEE group on Noise Definitions has
been given full committee status. It is hoped
this group will be able to co-ordinate defini-
tions of all types of noise as related to vari-
ous fields. . . . A member from each of the
technical committees has been appointed to
represent his committee_on the Annual Re-
view Committee to prepare a Radio Progress
Report for 1949 in the field covered by his
committee. The Report will be published in
the ProceepiNGs oF THE L.R.E. early in
1950. Ralph Batcher, of Caldwell-Clements
Inc., is serving as Chairman of the Annual
Review Committee, ... The Audio Tech-
niques Committee, meeting August 2, ap-
proved a set of definitions prepared by the
Subcommittee for Definitions of Audio
Systems and Components under the chair-
manship of O. L. Angevine, Jr. The defini-
tions are being submitted to the Standards
Committee for approval. Standardization
work is underway on methods of measure-
ment for audio systems and components by a
subcommittee under the chairmanship of
D. E. Maxwell. The Committee has estab-
lished two subcommittees, one dealing with
Noise in Audio Systems, and the other con-
cerned with the Psychology of Aural Per-

[ ception. . .. The Committee on Electron
Tubes and Solid States Devices held a
meeting July 15. Approved and submitted
to the Standards Committee for standard-
ization was the following material: Grid
Emission Currents, Methods of Tesling,
and Radio Frequency Operating Tests for
Power-Output High Vacuum Tubes. . ..
The Sound Recording and Reproducing
Committee, in session on July 28, formed a
new Subcommittee on Optical Recording un-
der the chairmanship of Everett Miller of
RCA Victor. The Mechanical Recording
Subcommittee, H. E. Roys, Chairman, has
written several methods of testing for cutter
calibration of disk recording. Because the art

“is so new, the Subcommittee has not been
able to standardize on one method. It is felt
that the material prepared by the group will

be of value to engineers, however, and copies
will be distributed through the IRE Profes-
sional Group on Broadcast Engineers. S. J.
Begun's Subcommittee on Magnetic Re-
cording has prepared a preliminary draft on
Noise Methods of Measurement and Defini-
tions. . . . A proposed standard, Methods of
Measurement of Television Signal Levels,
prepared by a subcommittee of the Video
Techniques Committee, is being circulated
widely in the IRE and in industry to obtain
comments on the work prior to its accep-
tance by the Committee. L. W. Morrison is
Chairman. . .. The Joint Technical Ad-
visory Committee, convening at all-day ses-
sions July 19 and August 1, was concerned
primarily with the forthcoming FCC hearing
and the results of the carrier offset tests con-

- ducted by JTAC at the RCA Laboratories

at Princeton July 6 and 7. The report of
these tests will be included in the JTAC's
recommendations to the FCC for the Sep-
tember hearing. The JTAC's full report to
the FCC will be published and issued as Vol.
1V, Proceedings of the JTAC. . . . A petition
for the formation of a Professional Group
On Broadcast and Television Receivers was
approved by the Executive Committee Au-
gust 9. The sponsor is Virgil M. Graham, Syl-
vania Electric Products Inc., Flushing, L. I.
... The Administrative Committee of the
Antennas and Propagation Group met July
15 at Washington, D. C. Constitution and
By-Laws were adopted and a membership
committee appointed. Plans are being made
to hold this group's first national meeting in
conjunction with the URSI meeting at
Washington October 31 and November 2,
1949. . ..

IRE/AIEE SLATE SECOND ANNUAL
CONFERENCE FOR OcT. 31, Nov. 1, 2

Electronic instrumentation in nucleonics
and medicine will be the theme of the second
annual IRE/AIEE joint conference sched-
uled for October 31, November 1and 2 at the
Hotel Commodore, New York, N. Y. “Eval-
uation of Radiation Hazards” will be the
topic of a special round-table discussion
planned for the evening session on No-
vember 1.

A four-man panel of scientific experts
will lead the discussion and then will answer
questions from the audience. Dr. Karl T.
Compton, chairman of the Research and De-
velopment Board of the National Military
Establishment, will address the gathering.

Following the program plan of last year’s
conference, the coming meeting will devote
the first day's proceedings to electronics in
medicine, the second day's to nucleonics in
medicine, and the third day’s to the physical
aspects of nucleonics instrumentation.

Simultaneously with the conference, the
Nucleonics Manufacturers’ Exhibit will be
held on November 1 and 2 at the Hotel
Commodore. This exhibit of nucleonics in-
strumentation is expected to be one of the
largest ever held. Featured will be scalars,
Geiger tubes, survey meters, scintillation

counters, and industrial instrumentation
utilizing radiation.

URSI—IRE Grouprs WILL CONFER
AT FALL SESSION IN WASHINGTON

In lieu of the regular fall session of the
URSI and the IRE, a joint meeting of the
USA National Committee of the URSI and
the IRE's newly organized Professional
Group on Antennas and Propagation has
been scheduled for October 31, November 1
and 2, at Washington, D. C. The session will
convene at the National Academy of Sci-
ences, 2101 Constitution Ave., N.W., and in
the auditorium of the State Department
Building, 21 St. and Virginia Ave., N.W.

Sponsoring the conference are the Na-
tional URSI Commissions as follows: Com-
mission 2—Tropospheric Radio Propaga-
tion, Chairman: Dr. Charles R. Burrows,
Director of School of Electrical Engineering,
Cornell University; Commission 3—Iono-
spheric Radio Propagation, Chairman: Dr.
Newbern Smith, Chief of Central Radio
Propagation Laboratory, National Bureau
of Standards; Commission 5—Extrater-
restrial Radio Noise, Chairman: Dr. D. H.
Menzel, Harvard College Observatory;
Commission 6—Radio Waves and Circuits,
including General Theory and Antennas,
Chairman: Dr. L. C. Van Atta, Naval Re-
search Laboratory.

The IRE Professional Group on Anten-
nas and Propagation will be co-sponsors of
the sessions of Commissions 2, 3, and 6.

FLORIDA BROADCASTING COMPANY
STARTING TELEVISION PROGRAMS

Radio station WMBR-TV, owned by
the Florida Broadcasting Company, com-
menced broadcasting test patterns last
month, and planned to open oficially early
in October with local television program
with a four and one-half hour daily and Sun-
day schedule. Station officials reported that
it might be “at least a year” before network
programs can be picked up for local tele-
vision fans.

WMBR-TV purchased complete trans-
mitter and studio equipment from General
Electric, including a 3-bay antenna which is
mounted on a 500-foot tower, and other
equipment such as wave-form rack, film
camera channel, rack of transmitter moni-
toring equipment, and two 16-mm movie
projectors.

ELECTRONICS CONFERENCE AIDS
RESEARCH, NEW DEVELOPMENTS

Electronic research, development, and
application were the concern of the National
Electronics Conference held September 26,
27, and 28 at the Edgewater Beach Hotel,
Chicago, I11., with technical sessions devoted
to the general topics of Electronic Instru-
mentation, Solid-State Studies, Computers,
Television, Antennas, Measurements, Mag-
netic Amplifiers, Research Management,
Theory of Communications, Vacuum Tubes,
Electromagnetics, Supersonics, and Audio-
Frequency.
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Rabvio FaLL MEETING To Br
HELD AT SYRACUSE

Authorities in their respective fields will
address sessions of the Radio Fall Meeting
conducted under auspices of the IRE and
the RMA Engineering Department on Oc-
tober 31, November 1 and 2, at the Hotel
Syracuse, Syracuse, N. Y.

R. H. Williamson is chairman of the
technical session starting at ten o'clock in
the morning of the conference's opening.
The session will be devoted to discussion of
the following topics: “Measurement of
Transient Response of Television Receivers”
by J. Van Duyne, of Allen B. DuMont
Laboratories Inc.; “Television Transient
Response Measurement” by Jerry Minter,
of Measurements Corporation; and “Under-
writers’ Requirements for Television Re-
ceivers” by K. S. Geiges, of Underwriters’
Laboratories, Inc.

The afternoon session with J. R. Steen,
chairman, will hear the following addresses:
“Quality Control from the Producer and
Consumer Viewpoints” by A. B. Mundel, of
Sonotone Corporation; “Quality Control
Gets a Job in Television Manufacturing™ by
L. Lutzger, of Allen DuMont Laboratories,
Inc.; and “The Navy's Interest in Quality
Control” by William R. Pabst, Jr., Navy
Department, Bureau of Ordnance.

Dr. Ralph E. Lapp of the Research and
Development Board, \Washington, D. C,,
will speak on the topic, “The Atomic Bomb
and National Security,” at the evening ses-
sion, jointly sponsored by the Syracuse Sec-
tion of the IRE and the Technology Club of
Syracuse.

Chairman of the November 1 morning
session is R. A. Hackbusch who has ar-
ranged the following program: “An Inter-
carrier Sound System for Television Re-
ceivers Using the 6BN6" by Walter Stroh,
of Zenith Radio Corporation; “Simplifica-
tion of Television Receivers” by W. B.

Second Call!

Authors for National
Convertion

R. M. Bowie, Chairman of the
Technical Program Committee for |
the 1950 IRE National Convention, |
requests that prospective authors of
papers to be considered for presenta-
tion submit the following information
to him as soon as possible:

(1) Name and address of author.

(2) Title of paper.

(3) Abstract of sufficient length
to permit the Committee to assess the
| paper’s suitability for inclusion in the
Technical Program. Since the merit of
the prospective paper must neces-
sarily be judged by the abstract, it
ghould be clear and informative.

Material should be mailed to R.
M. Bowie, Sylvania Electric Products
Inc., Box 6, Bayside, L. I., N. Y. The
deadline for acceptance of abstracts is
November 21, 1949. Your prompt sub-
missions will be appreciated.

PROCEEDINGS OF THE [.R.E.

Whalley, of Sylvania Electric Products
Inc.; and “Came the Television Revolution”
by Dorman B. Israel, of Emerson Radio anf:l
Phonograph Corporation; “Universal Appli-
cation-Cathode Ray Sweep Transforn.er
with Ceramic Iron Core” by C. E. Torsch, of
General Electric Company. The afternoon
session, with J. E. Brown, as chairman, will
hear addresses as follows: “An Evaluation of
Television Viewing Filters,” by A. E. Mar-
tin and R. M. Bowie; and “Characteristics
of High-Efficiency Deflection and High
Voltage Supply Systems for Kinescopes”™ by
O. H. Schade, of RCA. At the dinner meet-
ing Kenneth W. Jarvis will discuss “The
Engineering Aspects of Sin.”

At the November 2 morning session
topics will be “Pickup Tracking™ by H. E.
Roys, of RCA Victor Division; “New Audio
Amplifier Circuit” by Frank H. Maclntosh,
consulting engineer: “The Safety-Vox, .\
Novel Continuous Tape Magnetic Recorder-
Reproducer for Industrial Purposes”™ by R.
. York. of General Electric Company; ind
“A New Type of Dual Cone Loudspeaker”
by Harry F. Olson and John Preston of
RCA Laboratories and 1. H. Cunningham,
RV'A Victor Division.

H. C. Sheve, chairmang has arranged for
the afternoon session the following program:
“Design and Application of a New Minia-
ture High-Frequency  Iransmitting Pen-
tode™ by Robert M. Cohen and George F.
Elston of RCA; “\ VHF Remotely Tunable
Receiver” by Leonard .\. Mayberry, of the
Hallicraftess Company; and *The Advan-
tages of Toroidal Tran<formers in Com-
munication Systems” by H. W. Lamson of
Genera!l Radio Company

RIDER PUBLISHES INDEX FOR
ELECTRONICS INFORMATION

John F. Rider, pre~ident of the Elec-
tronics Research Publishing Co., Inc., has
announced that the Electronics Engineering
Muaster Index for 1947 and 1948, and the
index for January-June, 1949, will be pub-
lished next month.

According to Mr. Rider the institution of
a new idea in the contents of these publica-
tions will be of significance to the electronic
engincering industry. Beginning with 1947
1948 index, the contents will cross reference
published technical papers and related UL S,
patents allowed during the period covered
by the volume. The work will provide a ~in-
gle source listing all technical articles pub-
lished in the United States and abroad, the
titles, patentees, serial number and number
of claims, of all electronic and related-sub-
ject patents issued in the United States dur
ing 1947 and 1948.

AtoMIC UNIT GRANTS FUNDs
TO MINNESOTA UNIVERSITY

Construction of a 50 million-volt proton
linear accelerator, which will be the world's
most powerful “atom smasher” of its type,
will be started at the University of Minne-
sota this year under a $728.000 grant from
the Atomic Energy Commission, according
to an announcement by DPresident J. L.
Merrill of the University.

October

DuMONT LABORATORY STUDIES
NEW TELEVISION ALLOCATION

Dr. Thomas T. Goldsmith, Jr. (A’38-
SM'46-F'49), rescarch director of Allen B,
DuMont Laboratories Inc., has announced
the development of a program to utilize vhf
and uhf as intergrated components of a na-
tional television system that will assure
viewers a choice of television services pro-
vided by a multinetwork system and protect
owners of television receivers from the need
to buyv additional equipment, including con-
verters and extra antennas. The DuMont
plan, which was presented to the FCC at 4
hearing in September, also provides 10 ad-
ditional channels for service to smaller
localities and seven uhf channels for the use
of educators. [t constitutes an alternative to
the proposals put forward July 11 by the
FCC.

According to Dr. Goldsmith, “DulMlont
enthusiastically approves the policy of pro-
viding more channels for additional tele-
vision services, but there are certain features
of the FCC proposal which should be modi-
fied to provide better service to the public
and a more competitive national television
operation.”

For example, while the FCC program
provides four vhf channels in only 20 of the
first 50 cities of the United States, under the
DuMlont proposal, approximately 33 of the
~ame 30 cities will be provided with four or
more vhf channels.

Dr. Goldsmith also states that the Du-
Mont studies, which have been carried on for
nearly two vears, indicate that FCC pro-
posed allocations, mixing uhf and vhf fre-
quencics in the same market, would impnse
an unnecessary financial burden on both
station owner and receiving set owner.

Calendar of
COMING EVENTS

National Radio Exhibition, Olympia,
London, England, September 28
to October 8

SMPE 66th Semiannual Convention,
Hollywood, Calif., October 10-14

AIEE  MNidwest General Meeting,
Cincinnati, Ohio, October 17-21

Technical Conference on Antennas,
Kansas City Section, IRE, Kansas
City, October 28-29

Radio Fall Meeting, Syracuse, N. Y.,
October 31, November 1-2

1949 Nucleonics Symposium, New |

York City, October 31, November |
1-2

‘ »

URSI'IRE Joint Meeting, October 31,
November 1-2, Washington, D. C.

Southwestern IRE Conference
Dallas, Tex., December 9=10

1950 IRE National Convention, New
York, N. Y., March 6~9
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Industrial Engineering
Notes!

NATIONAL BUREAU OF STANDARDS
DeveLops ELEcTrRON-OpTIC ToOOL

As the result of a series of electron-
microscope experiments at the National
Bureau of Standards, Dr. L. L. Marton of
the Electron PPhysics Laboratory has de-
veloped an electron-optical shadow tech-
nique which provides a valuable tool for the
quantitative study of electrostatic and mag-
netic fields of extremely small dimensions.
An electron lens system is used to produce a
shadow image of a fine wire mesh placed in
the path of the electron beam. From the dis-
tortion in the shadow network caused by the
deflection of the electrons as they pass
through the field under study, accurate
values of field strength are computed.

According to Dr. Marton, it is thus pos-
sible to investigate quantitatively fields that
have not been susceptible to other methods
of investigation; for example, the fringe
fields from the small domains of spontaneous
magnetization in ferromagnetic materials.

The new development, which is based on
extensive theoretical analysis, should pro-
vide a powerful means for broadening pres-
ent knowledge concerning space-charge
fields, fields produced by contact potentials,
patch fields in thermionic emission, charge
distribution in a gaseous plasma, waveguide
problems, and the basic magnetic properties
of metals. Though similar in some respects
to the electron-optical Schlieren method
previously developed at the Bureau, the
shadow method is better adapted to precise
determinations of field intensity.

According to the Bureau, perhaps the
greatest value of the electron-optical shadow
method lies in its utility for exploring com-
plex electric and magnetic fields of extremely
small dimensions or in which a probe of size
greater than the electron would disturb the
field under study. It provides data for accu-
rate calculation of the absolute value of the
intensity in the neighborhood of a specimen
of any size or shape without altering or dis-
turbing the field.

TELEVISION NEWS

The FCC has issued proposals for ex-
panding television broadcasting into the uhf
band and has scheduled a broad television
hearing, involving the proposed allocations
and consideration of color video proposals
as the first step toward lifting the current
“freeze” on new television stations. The
FCC simultaneously has reaffirmed previous
vhi allocations with only three assignment
changes in as many cities. The television
allocations proposals provide for 42 uhf
channels, plus retention of the present 12
vhf bands, both on present TV standards.
They would permit construction of a nation-
wide television system embodying a total of
2,245 television stations in 1,400 cities and

! The data on which these NOTES are based were

selected, hy permission, from *Industry Reports,” is-

-

sues of July 12, July 15, and July 22, published by the
Radio Manufacturers’ Association. whose helpful at-
titude is gladly acknowledged.
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communities. Uhf channels alone allow for
1,702 stations in 1,179 areas in addition to
any rural coverage. Uhf channel allocations,
in general, are in virgin territory with a
minimum of over-lap of uhf and vhf stations,
as reconmended early this year by the FCC
Conference Co.nmittee of RMA. For in-
stance, no channels were assigned to New
York City, Chicago, or Los Angeles, and
only one uhf channel was allocated to
Philadelphia and \Washington. Baltimore
got two uhf channels. Uhf channels will be
numnbered 14 through 55. Thirty-two were as-
signed for metropolitan television stations
and ten for community stations. The uhf
assignments will begin at 470 or 500 Mc, de-
pending on the oitcome of a Bell Labora-
tories petition for assignment of the 470-500
Mc band to multichannel mobile radio com-
munications. Vhf channel assignments are
identical with previous FCC allocations ex-
cept in three cities, Cleveland, Syracuse, and
Rochester, where channel changes within
“vhf were proposed. ... With the view of
encouraging the adoption by foreign coun-
tries of American television standards, the
U. S. Delegation attending an international
meeting on Television standards at Zurich,
Switzerland werg authorized to invite rep-
resentatives of the study group to attend a
television demonstration in this country.
The position of the various delegations with
respect to the number of picture frames and
lines was as follows: U. S. 30 frames, all
others 25; British and French, 405 and 819
lines, respectively; U. S. 525; Denmark,
Hungary, Netherlands, Sweden, Switzer-
land, and Czechoslovakia, 625 lines. The
Conference agreed that further study was
required to determine maximum brightness
usuable with 50 and 60 cycles per second.
. .. A dispatch from the American Consu-
late General in the Netherlands to the U. S.
Department of Commerce indicates that ex-
perimental television broadcasting stations
are operating in tha: country but the gov-
ernment has no official plans for regular
broadcasts. An experimental station at
Eindhoven, uses 567-lines interlaced 2X25
(synchronized on 50-cycle line frequency).
There is also an experimental television
transmitter at Gronigen, built by amateurs,
which broadcasts on the 144-Mc amateur
band, using a 250-line system. The Eind-
hoven station uses 67.75 Mc for video and
63.75 for sound. ... Following receipt of
complaints from television receiver owners
that diathermy equipment and some other
radiation devices have been the cause of
considerable interference to television
broadcasts, the FCC has proposed to
amend its rules to clarify the responsi-
bilities of operators of these devices. It has
announced the following statement: “an
analysis of these complaints shows that in
many instances the interfering signal is the
fundamental signal emitted by the dia-
thermy or other equipment in the channel
centering on 27.120 Mc prescribed for such
use in Part 18 of the Commission’s rules.
The interference involved results from the
fact that most TV receiver manufacturers
have selected intermediate frequency pass-
bands in the 27 Mc region, making such re-
ceivers presently in use susceptible to inter-
ference from medical diathermy and other
devices operating on 27.120 Mc.”
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FCC AcTtiONS

Two stations, one in Baltimore and one
in New York, have been authorized by the.
FCC to conduct experimental television
broadcasts in color with the view of
further studying compatibility of color
standards and the present black-and-white
standards and the problem of converting
present receivers to color. CBS has granted
authority to begin broadcasting in color dur-
ing the hours when its regular television
programs are not being broadcast in order to
gather information for the FCC television
hearings. The other action authorized sta-
tion WMAR-TV in Baltimore to broadcast
color television programs originating at
Johns Hopkins University Hospital in con-
nection with the American Medical Associa-
tion convention in Washington, and also to
gather information for the television hear-
ings. WMAR utilized equipment furnished
by a Philadelphia pharmaceutical concern
which had previously demonstrated color
television operations at Philadelphia and
Atlantic City. The program was microwaved
from Johns Hopkins to WMAR-TV and
then broadcast to Washington. . . . Letters
have been sent to all experimental television
stations asking for reports on their research
and experimentation in both the uhf and
vhf bands. Full details on the operation
and findings of these stations, including
questions on color if that type of transmis-
sion has been undertaken, have teen asked.
\With respect to color, the FCC requested
information concerning color break-up,
flicker, color fringing, image registration,
color fidelity, picture brightness, camera
light efficiency, definitions, field tests and
details with respect to modification of trans-
mitters and receivers to provide the degree
of compatability contemplated by the recent
television notice of the Commission. ...
Bound volumes of decisions and orders of
the FCC, exclusive of annual reports, cover-
ing the period July 1, 1945, through June 30,
1947, are now on sale at the Superintendant
of Documents, Government Printing Office,
Washington, D. C., at $3.75 a copy, accord-
ing to an announcement by the RMA.

S1GNAL Corrs CrysTAL [DISCOVERY
May “REVOLUTIONIZE” INDUSTRY

Industry is expected to benefit from a
new discovery in the processing of quartz
crystals, according to an announcement by
the U. S. Army Signal Corps. The develop-
ment which may revolutionize the quartz
crystal industry “promises proportionate
savings in the future for all types of modern
communications services, including tele-
vision, radio broadcasting, point-to-point
radio, and in hundreds of types of military
equipments which depend on crystal control
for their operation.”

More channels may be available in the fu-
ture due to theability of these crystals to hold
precisely to an assigned frequency. Chances
of overlappng or drowning out of one station
by another on an adjacent channel will be
greatly reduced, the Signal Corps said. The
discovery involves the super-heating to
approximately 900 degrees Fahrenheit, fol
lowed by slow cooling for 24 hours,

=
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IRE People

Ralph A. Hackbusch (A’26-M'30-F'37),
formerly vice-president and general manager
of Stromberg-Carlson Co., Limited of
Canada, has been named president and
managing director of that company.

Born in Hamilton, Ontario, on September
18, 1900, he was educated at Hamilton and
later specialized in electrical engineering.
Prior to his employment with Stromberg-
Carlson, he was associated with the Cana-
dian Westinghouse Company and with the
Canadian Brandes Co. (Kolster Radio).

In 1930 he became chief engineer and
factory manager of the Stromberg-Carlson
Telephone Manufacturing Company in
Toronto, a position he held for a period of
ten years. In 1940 he was named vice-
president and general manager.

During the war Mr. Hackbusch was
requisitioned by the Canadian government
and placed in charge of the radio division
of the government's Research Enterprises
Ltd., later being elected its vice-president
in charge of radio and director of the radio
division. He returned to Stromberg-Carlson
as managing director, a position he held
until his recent election by the board of
directors for office as president.

Mr. Hackbusch, who was elected vice-
president of the IRE in 1944, served as
Chairman of the Toronto Section of the
Institute in 1933, a member of the Sections
committee in 1936, and on the Board of
Directors in 1938, 1944-1946. He was the di-
rector of engineering for the RMA of Cana-
da for ten years, member of the Canadian
electrical code committee, the main commit-
tee of the Canadian Engineering Standards
Association, and the RMA's general stand-
ards committee, In addition he has been a
guest member of the joint co-ordination
committee of the Edison Electric Institute,
the National Electric Manufacturers As-
sociation, and the RMA. He has for many
years been a guest member of the general
standards committee of the Radio Manu-
facturers Association of the United States.

Mr. Hackbusch, a professional engineer
in the province of Onuario, has also served
as the official observer on the main RTPB
committee for the RMA of Canada, as vice-
president of the Canadian Radio Technical
Planning Board, and as chairman of the
Canadian Building-Fund Committee.

L-J

Frederick E. Llewellyn (A'23-F'38),
consulting engineer of Bell Telephone
l.aboratories, has been elected a member
of the executive committee of the United
States National Committee of the Inter-
national Electrotechnical Commission to
serve for the coming year.

Dr. Llewellyn, who served as President
of IRE in 1946, has been concerned with
radio and circuit research and analysis of
the electronic behavior of vacuum tubes at
high frequencies. He was awarded the
Morris Liebmann prize for his outstanding
original work on constant-frequency oscil-
lators and on vacuum-tube electronics at
high frequencies in 1935.

PROCEEDINGS OF THE I.R.E.

Erost F. W. Alexanderson (A'13-M'13-
F’'15), consultant to the General Electric
Engineering and Consulting Laboratory,
was recently named “Man of the Year” at
Sweden Day ceremonies attended by 5,000
Swedes and Swedish-Americans.

Dr. Alexanderson was born in Upsalg,
Sweden, on January 25, 1878. He was gradu-
ated from the Royal Technical Institute in
Stockholm and did post-graduate work at
the Royal Technical Institute at Charlotten-
burg. Prior to his recent retirement, Dr.
Alexanderson had completed forty-six years
of service with General Electric.

During that time he was awarded 314
patents, or an average of one patent every
seven weeks. The Alexanderson high-fre-
quency alternator made possible reliable
trans-oceanic radio transmission. His other
patents cover such fields as radio telephony,
radio telegraphy, television, vacuum tubes
for radio and power rectifiers, and electronic
circuits.

Dr. Alexanderson was the recipient of
the 1RE's Medal of Hdnor in 1919 and
served as the Institute’s President in 1921.
He has published numerous papers in the
Proceepings oF THE 1.R.E. and in the
Journal of the AIEE. He is also a Fellow
of the AIEE.

. 3
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Frederick Emmons Terman (A'25-F'37),
Dean of engineering at Stanford University,
has been elected vice-president in charge ot
the Engincering  College  Administrative
Council of the American Socicty of kn
gineering Education as the result of the
Society’s annual convention held this sum
mer at Rensselaer Polytechnic Institute.
More than 1,700 engineering educators
administrators of engineering colleges and
industrial leader~ attended the ses<ion.

Born on June 7, 1900, in English, Ini.,
Dr. Terman received the B.S. degree in
1920 and the degree of engineer in 1922
from Stanford University, and the Sc.D.
degree from Massachusetts Institute of
Technology in 1924, From 1925 to 1937 he
served as instructor, assistant profes-or, and
associate professor of Stanford's clectrical
engineering department. In 1937 he wa-
named professor and head of the depart
ment,

During the war Dr. Terman assumed the
directorship of the Radio Research Labora-
tory at Harvard University which developed
counter measures to nullify radar equip
ment. He was Vice-President of the 1RE
in 1940 and President in 1941

.
o

Harold S. Osborne (A'14-M'29-S)M'43.
F'45), chief engineer for the Ameriean Tele-
phone and Telegraph Corporation, has been
elected by the United States National
Committee of the International Electro-
technical Commission to serve as its chair-
man for the coming year. The 1EC is the
electrical division of the International
Organization for Standardization.

Dr. Osborne spent the summer in Europe

October
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serving as one of the United States dele-
gates to 1EC meetings held in June at
Stresa, Italy.

A former vice-president and treasurer
of the USNC, Dr. Osborne also is affiliated
with the American Institute of Electrical
Engineers, Acoustical Society of America,
and American Physical Society. He is a
member of the Joint Conference Committee
on Standards, U. S. Department of Com-
merce, and the Industry Advisory Council,
Federal Specifications Board. He is also vice-
president and member of the Board of Direc-
tors of the American Standards Association.

o,
o

Edwin A. Speakman (A'43-M'44-SM'48),
branch head of the National Radio Lab-
oratory’s Countermeasures Section, has
been appointed executive director of the
Committee on Electronics, Research, and
Development, National Military Establish
ment.

Associated with the National Radio Lab-
oratory since 1940, Mr. Speakman has held
his present post since 1945. In 1947 he re
ceived the Navy's Meritorious Civilian
Service award for his work in radar.

Mr. Speakman was born in Gratz, Pa.,
on August 14, 1909, and has been a radio
amateur since 1925, with the call letters
W3AUR and W8RSJ. \While attending
HaverYord College in Haverford, Pa., from
which he was graduated in 1931 with the
bachelor of science degree in physics, he
invented the first automatic photoelectric
timing system for use in timing sports
events. He served as instructor in radio at
Haverford for three years following his
graduation; then became a radio engineer
with the Philco Corp. in Philadelphia and
Detroit, remaining with that company until
1939.

Subsequently he was employed for a
year as physicist by the Curtis Publishing
Co. in Philadelphia, where his work con-
sisted of research in electron-physics as ap-
plied to printing processes. His specific du
ties were 10 investigate special electronic de
vices for the improvement of high-speed
four-color printing.

The inventor of the telescopic rod an-
tenna system, Mr. Speakman is a member
of the American Physical Society, the U. S.
Naval Institute, and the Board of Civil
Service Examiners for the Potomac River
Naval Command.

Charles N. Kimball (A’'34-M’$0-SM'43)
was recently appointed technical director of
the Bendix Aviation Corp's research lab
oratories in Detroit, Mich.

Born in Boston, Mass., on April 21,
1911, Dr. Kimball received the B.E.E. de-
gree from Northeastern University in 1931,
and the S.M. and Sc.D. degrees in communi-
cations from Harvard University in 1932
and 1934, respectively. After graduation he
was employed by the National Union Radio
Corp. as a tube development engineer until
1935, when he joined the research staff of
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the Radio Corporation of America’s license
division laboratory in New York City.
There he worked on television, frequency
modulation, and special communication
studies.

From 1940 through 1946 Dr. Kimball
was vice-president in charge of engineering
at the Aireon Manufacturing Corp. in Kan-
sas City, as well as a member of the Board of
Directors. His duties included supervision
of work on a variety of projects, including
radio countermeasure equipment and un-
derwater sound techniques. He was one of
the original workers in the field of high-fre-
quency communications for railroads. In
1947 and 1948 he worked privately on in-
strumentation problems in the food process-
ing industries.

The author of several papers on tele-
vision and electronic instrumentation, Dr.
Kimball holds patents in these fields. He is a
member of Tau Beta Psi and the Harvard
Engineering Society, and is a former officer
of the Kansas City Section of the Institute.

Books

o
e
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CORRECTION

In the announcement of the appointment
of Roger E. Robertson (A'48) to the staff
of the National Bureau of Standards in the
August issue of PROCEEDINGS, inadvertently
it was erroneously stated that Mr. Robert-
son had been affiliated with Bell Telephone
Company. His prior business association as
electronics engineer was with Bell Aircraft
Corp.

o

James Rennie Whitehead (SM’45) has
been appointed to the post of Principal
Scientific Officer in the Telecommunications
Research Establishment, Ministry of Supply
at Malvern, Worcester, England.

A native of England, where he was born
April 8, 1917in Lancastershire, hereceived his
preparatory education at Clitheroe Royal
Grammar School. He was graduated with

_honours from the University of Manchester,

receiving the B.Sc. degree in 1939,
Mr. Whitehead recently obtained a
Ph.D. degree from the University of Cam-
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bridge. He formerly was engaged in sci-
entific research and development at the
Ministry of Aircraft Product Research
Establishment, Malvern.

9
[

Robert D. Teasdale (S'44-A’46-M’49)
has joined the teaching staff of the School
of Electrical Engineering, Georgia Institute
of Technology. Dr. Teasdale has been ap-
pointed associate professor of electrical
engineering. Recently he earned the Ph.D.
degree from Illinois Institute of Technology,
where he has done some part-time teaching.

Dr. Teasdale, who is a native of Pennsyl-
vania, received the bachelor’s degree at
Carnegie Institute of Technology under
a George Westinghouse Scholarship. He held
a Gerard Swope Fellowship for 1947-1948,
and an RCA Fellowship in Electronics for
1948-1949. He is a member of the American
Institute of Electrical Engineers, Sigma
Xi, Tau Beta Pi, and Eta Kappa Nu.

o
o

Principles of Radar, by Denis Taylor and
C. H. Wescott

Published (1949) by the Cambridge Univermy
Press, 51 Madison Ave., New York, N. 136
gsaxes+3 page index+x pages. 56 ﬁgures sixa;

Radar, a specific apphcatlon of the
principles of radio, was responsible for a
large-scale development of new radio tech-
niques. Much of modern radio technique is
consequently erroneously classified in cur-
rent literature as radar. As one turns wearily
from the resulting congested volumes under
that title, the first reaction to Taylor and
Wescott is that it can't be done in 136
easily readable pages.

The authors, however, have very nearly
succeeded in doing exactly that! Each funda-
mental of the “Principles of Radar” is
lucidly set before the reader in a volume
that will delight any technical student. In
fact, so condensed and so well classified
is the material that the work could easily
pass as an engineering handbook on radar.
However, it is by no interpretation a mere
tedium of facts. Based on systems en-
gineering concepts, the quantitative facts
mathematically expressed are backed up by

Squalitative logic clearly identifying the
physical significance of every term, and
further clarified by numerical examples
based on historical equipments.

In only rare exceptions is clarity sacri-
ficed to brevity. It is suggested that the
lack of exact correspondence between text
and figure 4.5 on “Electronic Range Marker”
and ommission of a statement on axial ori-
entation of the microwave variable elevation
beam equipment on page 94, be corrected
in future editions. In both cases, the intent
is clear to the expert, but possibly confusing

i to the student.

The question of what to exclude ul-
ITtimately taxes the judgment of any author
! who attempts to put so much information in
| 8o little space. The omission of any

[’—_

treatment of signal storage, radar camou-
flage, and corner reflectors might be debated.

To one familiar with the development
and application of radar on both sides of the
Atlantic, this text displays a disappointing
national limitation. The historical introduc-
tion, the examples, the application problems,
the techniques themselves, are all limited
to British experience. Were a similar work
based on American experience, some state-
ments of fact would appear in disagreement
with Taylor and Westcott, simply because
American and British radar developments,
while similar, were not identical. His-
torically, original conceptions and signifi-
cant observations would be earlier in the
American Version, with development more
rapid and military application earlier in the
British version. Technically, American ex-
perience in common antenna working, rapid
scan, IFF, and shipborne radar would lead
to rather different treatment of these sub-
jects, and there might be disagreement on
the relationship between bandwidth and
range accuracy due to employment of
different techniques. This restriction renders
the book a bit thin, both historically and
technically, in those areas where the con-
tribution was significantly American.

In spite of the above-noted limitation,
since no American equivalent is known to
this reviewer, Taylor and Westcott's
“Principles of Radar” is recommended as a
text in radar engineering for those who
prefer less detail than is found in Ridenour’s
735-page microwave version of “Radar
Systems Engineering.” It is also recom-
mended as a handbook for radar systems
engineering for practicing engineers. [t is
excellent for the technically inclined reader
who seriously wants to know about radar.
The merely curious will find it intellectually
too strenuous.

RoBERT M. PAGE

Naval Rescarch Laborator
Washington 25, D.

Transformations on Lattices and Structures
of Logic, by Stephen A. Kiss

Pubhahed (1948) %)(y Stephen A. Kiss, 11 E. 92

. New York 28, N 315 pages +4-page index +2-
page blbhography +x pages. 6 figures. 7 X10.

Mathematics develops by successive ab-
straction and generalization. Modern alge-
bra is particularly subject to this tendency,
with many of its concepts, such as those
of group and lattice, now permeating the
entire range of mathematical thought. In
this book Dr. Kiss develops a generalization
of Boolean algebra based upon its lattice
theoretic properties. Naturally such a work
will be of principal interest to the logician
and the pure mathematician.

The book falls into three main parts of
about the same length. The first consists
of an orderly exposition of the pertinent re-
sults from modern algebra and lattic theory.
In the second part the author defines his
generalized Boolean algebras with 4, 8, 16
or generally 20 elements, and develops their
algebraic and lattice theoretic properties.
These algebras have a natural and elegant
mathematical structure. The third part of
the book is an exposition of the calculus of
classes and of propositions, and an applica-
tion of the preceding algebraic theory to an
extension of these fields.

Classical Boolean algebra and the cal-
culus of propositions have been applied in
such fields as switching theory and the study
of nerve networks, and it is possible that the
author's extensions of these disciplines may
find similar applications. Dr. Kiss conjec-
tures that an adequate description of
physical and biological phenomena require
4 and 16 class logics, without, however,
developing this thesis. At any rate, con-
sidered as a purely algebraic theory, the
author has added a significant contribution
to mathematical literature.

CLAUDE E. SHANNON

Bell Telephone Laboratories, Inc.
Murray Hill, J.
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INSTITUTE REPRESENTATIVES IN COLLEGES—1949

*Agricultural and Mechanical College of
Texas: Tom Prickett, Jr.

Akron, University of : P. C. Smith

*Alabama Polytechnic Institute: G. H.
Saunders

*Alberta, University of: ]J. W. Porteous

*Arizona, University of : H. E. Stewart

*Arkansas, University of: G. H. Scott

British Columbia, University of: H. ].
MacLeod

*Brooklyn, Polytechnic Institute of: A. B.
Giordano

*California Institute of Technology: S. S.
MacKeown

*California State Polytechnic College: Clar-
ence Radius

*California, University of : L. J. Black

Carleton College: G. R. Love

*Carnegie Institute of Technology: E. M.
Williams

*Case Institute of Technology: J. D. Johan-
nesen

Cincinnati, University of: A. B. Bereskin

* Colleges with approved Student Branches.

*Clarkson College of Technology: F. A.
Record

*Colorado, University of: 1. W. Boehmer

*Columbia University: J. R. Ragazzini

Connecticut, University of: L. E. Williams

Cooper Union: J. B. Sherman

*Cornell University: True McLean

Dartmouth College: M. G. Morgan

*Dayton, University of: Appointment later

*Detroit, University of: Appointment later

Drexel Institute of Technology: R. T. Zern

Duke, University of: W. J. Seeley

Evansville Colle}%e: J. F. Sears

*Fenn College: K. S. Sherman

*Florida, University of: P. H. Nelson

*George Washington University: -\, S,

Carley
"Geor]g]ia School of Technology: M. A. Hon-
ne
Harvard University: E. L. Chaffee
*Ilinois Institute of Technology: G. F. Levy
*I1linois, University of: E. C. Jordan
*Jowa, State University of: L. A. Ware
*lowa State College: W. L. Cassell
*John Carroll University: J. L. Hunter

Johns Hopkins University: Ferdinand Ilam-
burger, Jr.

*Kansas State College: ]J. E. Wolfe

Kansas, University of: D. G. Wilson

*Kentucky, Universityof : Appointment later

*Lafayette College: F. \WW. Smith

Lawrence Institute of Technology: H. L.
Byerlay

*Lehigh University: D. E. Mode

Louisiana State University: Appointment

later

*Louisville,
later

*Maine, University of: W. J. Creamer, Jr.

*Manhattan College: R. T. Weil, Jr.

*Maryland, University of : Appointment later

*Massachusetts Institute of Technology:
E. A. Guillemin, W. H. Radford

McGill University: F. S. Howes

*Michigan State College: J. A. Strelzoff

*Michigan, University of: L. N. Holland

"M!nnesota, University of: O. A. Becklund

*Missouri, School of Mines and Metallurgy:
G. G. Skitek

*Missouri, University of: D. L. Waidelich

University of: Appointment
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INSTITUTE REPRESENTATIVES IN COLLEGES (cont.)

*Nebraska, University of: F. W. Norris

Nevada, University of: I. J. Sandorf

*Newark College of Engineering: Solomon
Fishman

New Hampshire, University of: W. B.
Nulsen

*New Mexico, University of: W. H. Mullins

*New York, College of the City of : Harold
Wolf

*New York University: Philip Greenstein

*North Carolina State College: W. T.
Dickinson

*North Dakota, University of: Clifford
Thomforde

Northeastern University: G. E. Pihl

*Northwestern University: A. H. Wing, Jr.

*Notre Dame, University of: H. E. Ellithorn

*Ohio State University: E. M. Boone

Oklahoma Agricultural and Mechanical Col-
lege: H. T. Fristoe

*Oregon State College: A. L. Albert

Pennsylvania State College: C. R. Ammer- ~

man
*Pennsylvania, University of: C. C. Cham-

bers
*Pittsburgh, University of: J. F. Pierce

* Colleges with approved Student Branches,

*Pratt Institute: E. A. Hertzler

*Princeton University: N. W. Mather

*Purdue University: R. P. Siskind

Queen's University: H. H. Stewart

Rensselaer Polytechnic Institute: H. D.
Harris

*Rhode Island State College: J. L. Hummer

Rice Institute: M. V. McEnany

Rose Polytechnic Institute: H. A. Moench

*Rutgers University: J. L. Potter

*San Diego State College: D. C. Kalbfell

Santa Clara, University of: W. J. Warren

*Seattle University: Appointment later

*South Carolina, University of: J. C. Cosby

*South Dakota School of Mines and Tech-
nology: Appointment later

*Southern California, University of: G. W.
Reynolds

*Southern Methodist University: E. ].
O'Brien

*Stanford University: J. M. Pettit

*St. Louis University: G. L. Hollander

Stevens Institute of Technology: Carl Neit-
zert

*Syracuse, University of: R. P. Lett

*Tennessee, University of: E. D. Shipley
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Texas Technological College: C. E. Houston
*Texas, University of : A. W. Straiton
*Toledo, University of: D. A. Powers
Toronto, University of : George Sinclair
Tufts College: A. H. Howell
Union College (N.Y.): R. B. Russ
Union College (Neb.): M. D. Hare
United States Military Academy: F. K.
Nichols
United States Naval Post Graduate School:
G. R. Giet
*Utah State Agricultural College: L. S. Cole
*Utah, University of : O. C. Haycock
*Virginia Polytechnic Institute: R.R. Wright
*Virginia, University of: L. R. Quarles
*Washington, University of: V. L. Palmer
\Vashington University: S. H. Van Wambeck
*Wayne University: M. B. Scherba
Western Ontario, University of: E. H. Tull
West Virginia University: R. C. Colwell
*Wisconsin, University of: Glenn Koehler
Witwatersrand, University of : G. R. Bozzoli
*Worcester Polytechnic Institute: H. H.
Newell
*Wyoming, University of: R. G. Schaefer
*Yale University: H. J. Reich

INSTITUTE REPRESENTATIVES ON OTHER BODIES—1949

American Association for the Advancement
of Science: J. C. Jensen

American Documentation Institute: J. H.
Dellinger

ASA Standards Council: J. G. Brainerd, L.
G. Cumming, alternate

ASA Conference of Staff Executives: G. W.
Bailey

ASA Electrical Standards Committee: L. G.
Cumming, F. B. Llewellyn, E. A. LaPort

ASA Sectional Committee (C16) on Radio:
V. M. Graham, Chairman, J. G. Brain-
erd, L. G. Cumming, J. J. Farrell

ASA Sectional Committee (C18) on Specifi-
cations for Dry Cells and Batteries:
H. M. Turner

ASA Sectional Committee (C39) on Electri-
cal Measuring Instruments: Wilson
Aull, Jr.

ASA Sectional Committee (C42) on Defini-
tions of Electrical Terms: J. G. Brainerd,
A. G. Jensen, Haraden Pratt

ASA Subcommittee (C42.1) on General
Terms: J. C. Jensen

ASA Subcommittee (C42.6) on Electrical
Instruments: J. H. Miller

ASA Subcommittee (C42.13) on Communi-
cations: J. C. Schelleng

ASA Subcommittee (C42.14) on Electronics:
R. S. Burnap

ASA Sectional Committee (C60) on Stand-
ardization of Electron Tubes: L. S. Ner-
gaard, C. E. Fay

ASA Sectional Committee (C61) on Electric

and Magnetic Magnitudes and Units:
S. A. Schelkunoff

ASA Sectional Committee (C63) on Radio-
Electrical Co-ordination: C. C. Chambers

ASA Sectional Committee (C67) on Stand-
ardization of Voltages—Preferred Volt-
ages—100 Volts and Under: A. F. Van
Dyck

ASA Sectional Committee (Z10) on Letter
Symbols and Abbreviations for Science
and Engineering: H. M. Turner; (A. F.
Pomeroy, alternate)

ASA Sectional Committee (Z14) on Stand-
ards for Drawings and Drafting Room
Practices: Austin Bailey

ASA Sectional Committee (Z17) on Pre-
ferred Numbers: A. F. Van Dyck

ASA Sectional Committee (Z24) on Acous-
tical Measurements and Terminology:
Eginhard Dietze, H. F. Olson

ASA Sectional Committee (Z32) on Graph-
ical Symbols and Abbreviations for Use
on Drawings: Austin Bailey; (A. F.
Pomeroy, alternate)

ASA Subcommittee (Z232.9) on Communica-
tion Symbols: H. M. Turner

ASA Sectional Committee (Z57) on Stand-
ards for Sound Recording: S. J. Begun

ASA Subcommittee of Z57.1 on Magnetic
Recording: W. J. Morlock

ASA Sectional Committee (Z58) on Stand-
ardization of Optics: E. D. Goodale
(L. G. Cumming, alternate)

ASME Glossary Review Board: W. R. G.
Baker

IRE, AIEE Committee on Noise Definitions:
Stanford Goldman, Jerry Minter, Claude
Shannon

IRE, RMA Problem No. 2: S. L. Bailey

Joint EEI, NEMA, RMA Co-ordination
Committee on Radio Reception: C. E.
Brigham

Joint IRE, ASA C42 Definitions Co-ordinat-
ing Committee: C. L. Dawes, A. G.
Jensen, J. C. Schelleng

Joint IRE, AIEE, NEMA Co-ordination
Committee on Commercial Induction
and Dielectric Heating Apparatus: D. E.

Watts

Joint RMA-IRE Co-ordination Committee:
S. L. Bailey, Keith Henny

Joint Technical Advisory Committee: S. L.
Bailey

National Electronics Conference Board of
Directors: W. C. White

National Research Council, Division of
Engineering and Research: B.
Llewellyn

URSI (International Scientific Radio Union)
Executive Committee: C. M. Jansky, Jr.

U. S. National Committee, Advisers on
Electrical Measuring Instruments: Mel-
ville Eastham, H. L. Olesen

U. S. National Committee; Advisers on Sym-
bols: L. E. Whittmore, J. W. Horton

U. S. National Committee of the Interna-
tional Electrotechnical Commission: L.
G. Cumming, E. A. LaPort, F. B.
Llewellyn
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What Kind of Engineers?"‘

HE EVOLUTIONARY theory
thachcs that modern man developed

from some one-celled original form of
living organism, through successive stages of
improvement and specialization as water-liv-
ing organisms, crustaceans and fishes, as
amphibians, as land-living reptiles, and on
into the present stage as a land-living mam-
mal. It has been said that before birth a
human embryo passes through a number of
stages, each indicative of a phase in human
evolution. While inaccurate, this statement
implies a germ of truth—a human being, as
a physical and mental assemblage of rela-
tively werthless materials, is a product of all
that has gone before in the history of life on
this globe. Nature builds on experience and
by experiments and, it is to be hoped, profits
by her mistakes! However, some samples
seem to indicate that only a small profit has
been taken.

In the field of science we also build and
profit on the lessons and experiences of the
past. The difference between the accumu-
lated experiences of the human animal and
those of the huvman scientist may be propor-
tional to the difference between one million
years and 300 years, as the probable respec-
tive ages of the two. In considering the hu-
man animal, it is customary to state that
we have come a long way from the carly
cave man; but perhaps in speaking of the
human scientist we should say we have not
yet come very far,

In such a discussion it is necessary to use
the words “science” and “engineering” inter-
changeably, since, in the carly days, what is
now engineering was science, and what is
now science will later be engineering. In
order to decide where science or engineering
now is and, therefore, what kind of engi-
neers we should be turning out of our col-
leges at the present time, it is necessary to go
back and scan the scientific progress.

It has been said that in the whole history
of human endeavor going back about one
million years there have been only four great
inventions, or great developments which
have radically altered the course of human
history. These are considered to be: The art
of making fire; the invention of the wheel;
the invention of the alphabet; and the
harnessing of electricity. It is interesting to
note that we are now living in the period of
time in which the fourth of these great
changes is occurring. Is it any wonder that
strife and turmoil exist? Is it not possible
that those having the secret of fire were tor-
mented, troubled, and attacked by the have-
nots of that era? One can readily imagine
the labor troubles arising if thousands of
slaves carrying burdens on their backs were
suddenly displaced by use of the roller or by
carts with wheels. We talk of our modern
technological and labor-saving advances, but

* Decimal classification: R070. Original manu-
script received by the Institute. Apnl 25, 1949; re-
vised manuscript received, May 12, 1949, Presented.
IRE Cedar Rapids Section, January 19, 1949, Cedar
Rapids, lowa, .

t Engincering Experiment Station, lowa State
College, Ames, lowa.

J. D. RYDER{

is mankind in a situation really much differ-
ent from that occurring at the time of the
invention of the wheel? We continue to live
as tribes, to regard nonmembers of our tribe
as outlanders and possible enemies. We are
working with much greater forces but our
social problems continue to be much the
same, and it appears that our social thinkiny
processes (if any) have changed very little.

A visit to the cliff dwellings of Mesa
Verde National P’ark may illustrate the
point for anyone caring to follow it through.
Those Stone-Age apartment dwellers of 800
years ago had a social organization and sys-
tem very little different from ours—it was
apparent that the social thinking in their
village groups of 50 to 200 was much the
same as now. They had their Elks and
Masons and Knights of Pythias as men's
clubs, with both religious and social aspects,
and the women had their place for gossip at
the community corn-grinding stone. They
were banded together for mutual protection
from marauders, and for a certain amount of
labor saving and specialization in agriculture
and the building trades. They had an “ever-
normal granary” for beans and corn. It is
reported that they finally departed from the
area because of a 23-year drought, showing
that their politicians were unable to make
rain—even as ours.

The important difference between their
civilization and ours was not social, but
scientific; add science, research, and their
results to that Late Stone-Age civilization,
and you have US.

However, it should be noted that the
added quantity, technology, has been acting
on civilization for less than 300 years, per-
haps most of us would say for only 100 years.
We take the human mechanism after 1,000,-
000 ycars of social living, add a new ingredi-
ent,and in 100 years expect that mechanism
to adapt itself to the new conditions!

About one million years ago man learned
to kindle a fire. Ten thousand years ago
someone invented the wheel, five thousand
years ago iron was discovered, three thous-
and years ago the alphabet was invented and
we began to write, five hundred ycars ago
movable type was invented and we could
turn out mass propaganda and the comic
book, and finally only 70 years ago we began
to harness electricity!

The engineer and scientist have been
severely criticized because we have failed to
change the social attitudes of the human
race, as an accompaniment to our techno-
logical advances. The engineer's best answer
to such criticism may lie in the time scale,
since man's social reactions and attitudes
have developed for a million years, and we
are given one hundred years to change him!
However, our scientific ability is such that
I do not believe another million years will be
required to adapt man to technology. In
fact, good and noticeable progress may ap-
pear in the next thousand years.

As a result of this apparent disregard of
the social implications of our scientific work,
the engineering colleges have been severely

criticized by engineers and nonengineers,
and urged to include in their curricula
more “humanistic-social” courses. This ac-
tion is apparently based on the theory that
with more humanistic-social courses the en-
gineer becomes more socially conscious; he
develops a new machine to lay brick, but
only after considering the full and total so-
cial implications of forcing 500 bricklayers
to find other jobs (where they will not be
able to carn $2.75 an hour), and civilization
will be much improved because the engi-
neers are socially conscious! The doctors,
lawyers, and sociologists should study a little
more of their own field of human history to
realize that mankind has not changed and
will not be changed in any short period; and
that as we go through one of the great
change eras in the history of the world, the
harnessing of the electrical forces, there arcc
bound to be dislocations and disruptions.
This is not part of the old Industrial Revolu-
tion, this is a new Era of the Electron or of
the Atom.

If study of humanistic-social subjects
would make the engineer better able to con
verse and discuss social matters with the
doctors and lawyers, that would be a gain,
but it seems desirable that the doctors and
lawyers come half-way and study a little
science and engineering in order to discuss
such subjects with us, and to understand
better many of their own problems.

A very real trouble with the enginecring
colleges is that they have alumni. These
alumni graduated from college 10, 20, 30 or
more years ago. Perhaps, as an example, a
particular alumnus did not take accounting
when he was in college. In his daily work

_since graduation he has found that it would

have been advantageous to know the funda-
mentals of accounting. He immediately joins
a chorus urging the addition of accounting
courses, or cconomics, speech, history, psy-
chology, or doorbell pushing to the engincer-
ing curricula. Does he look at a college cata-
log to sec if courses in accounting are now
required? No, that is too much trouble and
besides nothing ever changes at Old Siwash!
When we went back for [Homecoming last
fall the ivy was still growing all over old
Kimpenptlueger Hall, wasn't it? And doesn't
Professor Hoffenpfesser still have his morn-
ing coffee at exactly 10:02 every morning?
Nothing changes!

Actually, of course, he would discover
the Old Siwash engineering program had
radically changed, and he would find already
included courses in most of the subjects he
now feels would be desirable. The difficulty
wul] the move for more liberalization of
engineering curricula is that the urge comes
from men who base their criticism on what
was taught twenty or more years ago. Our
present curriculums may be good, but we
will not know for sure until our alumni tell
us how bad they are twenty years hence!

) In attempting to broaden the curricula,
if we are to meet at least partially the criti-
cism that has been directed at the engineer-
ing schools, it is extremely important to take

_—-—;1
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note of certain fundamentals of the problem.
In the first place, it is desirable to observe
that generalized solutions to a subjective
problem may be dangerous, that is, to group
all students together and say that any one
method of handling is best for all is to say
that all students are alike, an obvious fal-
lacy. Any solution to the enlarged engineer-
ing curriculum problem must allow for ade-
quate variations to suit the needs of various
types of students. In a narrow region, stu-
dents may be assumed to have the same
needs, but in an enlarged region differences
appear. If students’ characteristics were
plotted as sets of curves, these curves could
be matched and made to fall upon one an-
other over a sufficiently narrow region. To
assume from this that the curves are alike
over the whole region is, of course, false
Water flowing in a narrow river is channeled
and controlled, but water allowed the free-
dom of an ocean develops many cross cur-
rents. Broadened curricula should be
planned to offer a wide field to the students,
not a group of widely divergent, but indi-
vidually narrow, channels.

A much more solid and desirable basis
for planning of engineering curricula could
be established if there were available the
answer to a major question: “Does the engi-
neering curriculum force engineers to a re-
stricted field of interest, or does engineering
attract a type of mind which would tend to
narrow specialization in any field?” In other
words, does the difficulty lie in the process,
or the raw material? Lacking the results of
research on this question, it is only possible
to plan in a way that will'straddle the issue,
not necessarily an efficient solution.

While planning engineering curricula
to include humanistic-social courses, the
technical content should not be overlooked.
In what way should the technical training of
a young electrical engineer be oriented? We
have said that the present is an era of change
—the harnessing of electrical forces. It is
only natural while science and the world
are going through this transition that teach-
ing in the engineering field should also be in
a state of flux, which can be a very healthy
condition. In fact, if one is not in motion, it
may be that he is dead.

In this connection it is again of interest
to go back and see what has happened, to
rechart our past course, so as to improve our
knowledge of our present position in science.
After all, our location is pretty much a mat-
ter of dead reckoning, and that involves a

I knowledge of previous position, since as yet
if there are no loran or shoran methods of
navigation in the sea of history.

It is usually considered that electricity
was discovered by Thales of Greece, about
600 B.c. He was one of the seven sages of
Greece, and in his writings mentioned that
amber when rubbed attracted light bodies,
such as particles of feathers. It happens that
the Greek word for “amber” is “elektron”
and so we have “electricity.”

Nothing much was done about the gen-
eral situation, people being interested in
such things as the fall of Greece, the rise of

' the Roman Enpire, the fall of the Roman
Empire, the Dark Ages, the Renaissance,
wwand a few other dates and pieces of history,
untilabout 1580 when Dr, Gilbert, physician
' to Queen Elizabeth, investigated and dis-
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covered other materials besides amber which
would attract light particles.

Then along came Ampere, Volta,
Oersted, and finally Faraday, to discover the
law of electromagnetic induction in 1831. In
1864 Maxwell told us that radio was pos-
sible, and Hertz proved in 1886 that Max-
well was right,

There are other fields in which the world
has moved;in 1775 Washington took 12 days
going by horse from New York to Boston to
accept command of the Continental Army,
and today we do it by plane in an hour. Bell
invented the telephone in 1875 and we now
have telephone communication with all
parts of the world. Edison, in 1875, used five
125-horse power machines at Pearl Street to
light his electric lamp, and today we have
250,000 horsepower in a single machine.

Technical progress has been fast. Most
of our electrical progress dates from Fara-
day in a total of 118 years. It must be re-
membered that each new development con-
“tributed to the total of knowledge, each fur-
ther development was in turn built on a
broader base of knowledge. Thus we arrive
at the unproven premise of those who would
increase the number of years of a student in
college: there is so much to learn that the
time taken to learn it must be increased.

The increased accent on research is a
second fundamental factor which must be
considered in planning the college work of a
young engineer. In order to develop an inter-
est in our young graduate for such funda-
mental investigation, and to give him the
basic tools with which to work, our engineer-
ing college courses need to provide consider-
able of the theoretical physical and mathe-
matical bases of engineering.

The need is present because it can no
longer be said that necessity is the mother
of invention. Even if it were true, it seems a
rather slipshod, unplanned, and unscientific
way to get new devices invented. From an
engineering standpoir.t it can be shown that
very often invention is the mother of nec-
essity, that one invention makes necessary
a great many more inventions.

To refute the old saying, consider the in-
vention of the first incandescent lamp by
De La Rue in 1820. It used a platinum fila-
ment in a semi-evacuated space, much like
the Edison lamp of 1900. It was not needed
or necessary, in fact, the world was not yet
ready for it. Using wet batteries as the only
available electric power of the day, it was not
practical or economical. The invention of the
electric motor by Davenport in 1834 is an-
other example of an invention ahead of the
need, there being as yet no great mechaniza-
tion of industry, no machines waiting to be
driven, and the only electric power, that
from batteries. Fifty years later, after in-
vention of the electrical generator, the elec-
tric motor became practical and needed. The
invention of the scanning disk by Nipkow
was hardly a necessary invention in its day,
but it made necessary other inventions that
have followed and must still be made, to
make television fully successful.

In fact, if we are to have real scientific
progress of a continuous nature the basic
invention must invariably be ahead of the
need. Our present-day pure research is al-
ways of that nature, and more and more of
our engineers are going into that work or
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into closely allied lines. Our colleges have not
always trained engineers with that type of
work as their intended vocation. It can be
suspected that the goal of a great many of
our engineering courses of 25 years ago was
to train a man to take his place at a drafting
board, in a design department where he
could then learn to be an engineer, or to
eventually place him as a salesman of elec-
trical products. A rather superficial form of
electrical engineering teaching had grown
up at that time around the one-frequency
idea of 60 cycles only. This superficiality
was so firmly rooted, so few real funda-
mentals were taught or stressed, that the
resulting graduate was not too satisfactory
in really technical positions. In fact, the
roots were so firm and thick that the tree
could not be seen, and when radio made its
entrance in the late 1920’s electrical engi-
neers were accused of over-specializing in
the “narrow” field of radio.

It can now be seen in retrospect that the
opposite was true, as radio and electronics
have led to a return to true fundamentals,
and the 60-cycle emphasis was actually the
treatment of electrical engineering in a very
narrow and specialized field. As a result,
most men who came through our college
electrical engineering departments, in the
60-cycle days, were not fully fitted for work
under our present-day emphasis on research
or in fundamentals. It is frequently said
that you can make a power man out of a
radio man, but not the reverse. The impli-
cations of that statement should be carefully
thought out.

Why were the men not given more funda-
mental college work? The answer can be
found in certain statistics, first, on the
growth of research in industry in the United
States as seen in Table I. In 1920, research

TABLE 1
GROWTH OF RESEARCH IN THE UNITED STATES

Year Laboratories Employees
1915 100 3,000
1920 300 9,300
1940 2,300 70,000
1946 2,500 133,500

was very small business in the United States,
but it is not today, when it represents a
$750,000,000 business anually. In 1920
industry did not demand training of gradu-
ates to fit them for research, but during the
last two decades the picture has changed.
Additional statistics, from a survey by
E.C.P.D., support the argument that the
present demand is for better fundamental
training than was formerly given. This in-
formation is presented in Table 11, and does
not fully include the radio engineering group
which would probably raise further the
higher percentages. Other comparative fig-
ures in Table I11I further illustrate the trend
and show the tendency toward more ad-
vanced degrees—these degrees being in al-
most all cases indicative of highly technical
work.

Another factor which has increased the
demand for higher technical excellence of our
engineering graduates is that some of our
engineering fields are approaching a point
of increased difficulty. That is, they have
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TABLE 1l

DivisioN or ELECTRICAL ENGINKERING GRADUATES
ACCORDING TO FIELD—1946

per cenl
Tech. Adm. and Mgt. 33.9
Design. Research. Development 36.
Mfg and Production 10.9
Sales (/863
Consulting 7.0
Teaching 4.3

approached so closely to par figures that an
increased amount of technical work is re-
quired for each small gain achieved.

It might not be too difficult, in terms of
practice, for some engincers to take 3 strokes
off their golfing averages, but for a ranking
professional to take 3 strokes off his average
would require phenomenal effort. As an
example, consider the matter of the develop-
ment of time-measuring devices, simple
clocks.

TABLE IlI
CoLLEGE DEGREES AMONG ENGINEERING
EMPLOYEES
Degree 1934 1940
per cent per cend
Ph.D 0.6 7
M.S. 5.2 15.4
B.S. 72.4 63.8
Incomplete college 13.2 13.0
No college training 8.6 4.1

The first clock was probably the simple
rising and the setting of the sun, a mere yes-
or-no sort of accuracy. There are evidences
that crude forms of sundials existed about
6,000 years ago {or interpolating the yes-or-
no answers. These were of use only when the
sun shone and were, of course, in error at
different times of the year, unless properly
installed. Thirty-five hundred years ago
there came into use water clocks of many
designs. These involved the realization that
a leaky bucket, always originally filled to the
same level, took practically uniform incre-
ments of time to empty. If aslave wereadded
to refill the bucket each time it became
empty, and mark the fact by ringing a gong,
there appears the stone-age Swiss move-
ment. Somecone then realized that fluids
other than water might be used, and in the
desert where they had little water, sand was
used, the result being the common egg-
timer or sand glass. Burning candles or oil
lamps were also forms of hour markers and
such devices were the best to be had, with
an ultimate accuracy of 5 per cent, if the
slave stayed awake. Such a condition per-
sisted until 1360

In that year the escapement was in-
vented, using power derived from falling
weights. Galileo described the pendulum in
1578, but since he spent a great part of his
time in jail, he was notenough interested in
the measurement of time to build the pen
dulum into a clock, and left that for Huygens
to do in 1657. The pendulum was good, so
good that after much development it is still
used in our very best clocks. It has been
superseded for lahoratory use by the quartz
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crystal clock, and in fact the quartz crysl.al
has been used to show up previously undis-
covered variations in the rate of pendulum
clocks. These are due to the daily lunar
cycle or tidal cffects and amount to a few
tenths of a millisecond.

Now to summarize the point. The clock
has been under development for 6,000
years. The present best clock is an electrical
or electronic device, and of interest to radio
engincers. What sort of limits are we facing
in attempts to develop further improve-
ments in the measurement of time? The
sand glass was accurate to S per cent, or an
error of about one second in every twenty.
The escapement at the limit of its develop-
ment had reduced this error to one second in
8 days. The modern best pendulum chro-
nometer is accurate to one sccond in two
years. The quartz crystal clock may have an
error of one second in fifteen years. All this
while the earth itself is only consistent to
one second in three years. Certainly in the
measurement of time, as in many other
ficlds, we are at the point where each new
step forward becomes harder to take and
entails a higher level of excellence in our
work, but good engincers prefer it that way.

Now what have the colleges done? How
have they reconciled the conflicting demands
on a student's time from those wishing to in-
crease the humanistic-social content of the
courses, from those insisting that the student
know “more,” and from those with demands
for a higher technical level of accomplish-
ment? Various schools have come up with
different answers. Certain colleges, only a
few, have gone toso-called “five-year plans,”
to gain time. Others are thinking about the
matter, but it can readily be said there will
be no stampede.

It appears possible to state a philosophy
which might be followed in the development
of college engineering curricula. Simply
stated, this could be: To meet modern needs,
the engineering college should teach funda-
mentals only, and should teach those funda-
mentals thoroughly and well.

Asa corollary to that it is also possible to
state the belief: If the fundamentals are well
taught, then the applications encountered in
professional work will follew easily.

Such a program is in line with the desires
of certain industries which prefer to do fur-
ther teaching in the applicational field in
their own programs. Of course, there is room
for discussion here as to where the dividing
line comes between fundamentals and ap-
plications, but experience seems to indicate
that the colleges usually are the better
judges in the matter.

To carry out such a philosophy it is de-
sirable that existing curricula be scrutinized
closely. All curricula develop fringes, and
dark corners with musty odors. Some dean,
fecling that the course which he formerly
taught was very good and extremely im-
portant, orders it included for all students.
Then the dean becomes busy and no longer
teaches the course, the teaching level and
interest drops, the course deteriorates. the
dean moveson, but the course remains. Other
courses are attached to the curriculum be-
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cause at one time they were thought 1m-
porunl—-—clectric‘ll design, clectric traction,
telephones—to mention a few—and they
carry on long past their prime. These should
be carefully examined to determine if they
are really fundamental. One enlightening
question which may be asked concerning
any such course is: How many men in a
given graduating class will use that material
in their future work? Then it is advisable to
ask: Can a course be justified for that numn-
ber?

Wartime curricula and teaching gave
engincering teachers an excellent oppor-
tunity for research in details of curricular
problems if advantage were taken of the
situation thrust upon the colleges, and if
questions were asked and studies were made.
From such experience in research covering
several such programs at the collegiate
level, two basic principles were found to
lead to more cfficient use of a student's
time, namely:

t. Four, but never more than five,
major courses in any one (uarter or
semester.

2. Courses should be given in concen
trated doses, six credit hours in one
semester being more efficient than
three hours in each of two semesters.

In one of the wartime programs, stu
dents were assigned seven or eight courses
in a given semester. resulting in a scattering
of student interests and failure to do good
work. Courses which are spread too thinly,
meeting possibly twice a week, lose much
of the value of a lecture and class discussion
occurring on one day, because of the time
elapsing before the student takes the book
out of the corner to study for the second
meeting of the week. By daily meetings,
today's class discussion and tomorrow's
study are brought together.

By dropping nonessential and outdated
courses, sufficient time may be found to in-
clude a number of humanistic-social courses

. such as additional English, psychology, his-

tory, economics, and biology. At the same
time, because of the increased efficiency
obtained through teaching courses in con-
centrated doses, it should be possible to
teach more technical fundamental material
in the same number of technical hours.

Graduates are now better paid when they
leave college than was true twenty yearsago,
and they are worth more. It follows that
their time in college is more valuable. Thus
a college must increasc the efficiency with
which it utilizes a student’s time in ac-
cordance with the increased value of this
time, or it is failing in its duty to the stu-
dent and to those who pay the college bills.
Increases in utilization efficiency will re
quire careful investigation by the faculty of
their methods, and of the course contents,
and this should stimulate the faculty along
the lines of wholesome advancement.

It has been said that a college is a collec-
tion of buildings with ivy creeping around on
the outside and with the faculty creeping
around on the inside.

In a modern engineering school that can-
not be true.
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in solving these problems.

here.
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Electronics Applied to the Betatron®
THEODORE W. DIETZEt anp THEODORE M. DICKINSON{, ASSOCIATE, IRE
Summary=—There are several rbases of operation TANK CIRCUIT
of the betatron, used as a source of X rays, which re- ' B \ outaer
quire the application of electronic circuits. This paper
discusses the problems of electroo injection, electron HS i //
ejection, and X-ray monitoring. It reviews a set of Kl 7 S ””é e \
electronic circuits which have been found satisfactory e '0—3: T T »E /f._ ’-’!,’,’,’,//,’,’,’,”,’f /// FILAMENT 4+
::::'eil B csuunPRPELNvT _,% ;//A( >////” / SUPPL Y
,’” ’: To £LECTaoN
I. INTRODUCTION ek 3 %!%’”% e T | eecraon
’ ( s TMING ////////// INJECTION
T IS THE purpose of this paper to re- PULSE 4 EQUIPMENT
view the electronic circuit components CoNTROL rancer -
of the betatron, or induction electron ‘ 48006
accelerator, used as a source of X radiation. | LT (\ AL o
The theory and development of the oL CENERATOR ;
betatron have been discussed by others}~* EQUIPMENT ¥ \j eecTaooe
and its use as an X-ray equipment de- pULSE | OCLEE™ON 2
scribed.s® These will not be treated in detail ot O oL gy /’mwm/
Jo= _ELECTAON SUN
The hetatron accelerateselectronsaround CREST m::m VY A SLCH e
a circular path or equilibrium orbit by \ YOLTMETER || simpanty ‘( GENERATOR cLeer
means of magnetic induction. The elec- N eI ECTION
trons are accclerated by a radially sym- e aay chEax EQUMNENY
metrical time-varying magnetic flux exist- remay METER Ng:m'ov'u;:(uo-u + INDICATOR
ing between two poles of a magnet. The MONITORING ) i )
space distribution of the flux, as determined BILAZ0 AMPLIFIER TONIZATION ‘r
by the profile of the magnet poles, is such [ﬁiﬂi!__r"— A e ;
that the electrons are both accelerated by L ~

the potential gradient due to the time varia-
tion of the flux, and constrained to move ina
circular orbit of constant radius by the
flux's force on them due to their motion.
That portion of the flux which links the
equilibrium orbit is called the accelerating
flux, and that in the immediate vicinity of
the orbit, the guiding flux. The relation be-
tween these fluxes has been shown to be
A¢ = 27r?AB, (1)

in which

A¢ =change in accelerating flux
AB =change in flux density at the equi-
librium orbit of radius 7,

regardless of the shape of the flux versus
time wave. Therefore, for constant orbit
radius, the proportionality of A¢ and AB
must remain constant. The time variation of
the flux is usually sinusoidal, and the elec-
trons are accelerated to their maximum
energy once each cycle during a certain
fraction of the increasing half-cycle of the
flux. The flux may have a steady or dc com-
ponent, in which case the betatron is said to

5 be biased.”
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Fig.

The electrons are accelerated in a
toroidal evacuated tube and, after reaching
a desired energy, are caused to deflect or
shift from their equilibrium orbit to strike a
metal target. The rapid deceleration the
electrons undergo as they strike the target
gives rise to a fairly sharply defined X-ray
beam projected in the direction the electrons
were traveling at the instant they struck the
target.

There are three phases of betatron opera-
tion which require the use of specialized elec-
tronic circuits.

Referring to Fig. 1, a block diagram
showing a biased open-core betatron, these
three phases of betatron operation are:
(1) those concerned with injecting electrons
into the equilibrium orbit; (2) those con-
cerned with deflecting or ejecting electrons
from the equilibrium orbit; and (3) those
concerned with monitoring the resulting
X-ray output.

[1. ELECTRON INJECTION EQUIPMENT

The components in this group are:

a. Electron source, or gun

b. Gun filament supply

¢. Gun accelerating voltage supply (in-

jection pulse generator, pulse trans-
former, and crest voltmeter)

d. Timing-pulse control circuit.

These act to inject electrons into the
equilibrium orbit once each cycle ncar the
time the guiding flux passes through zero in
an increasing direction (at A4 in Fig. 2). A
timing reference is ohtained from a “peaker
strip” placed across the gap between the

1—Block diagram of biased open-core betatron.

magnet pole pieces. The peaker strip is a
laminated permalloy bar of small cross sec-
tion on which a coil is closely wound. It is
saturated by the magnetomotive force across
the gap, cxcept for a short interval of time
near guiding flux zero. During this short
interval, the rapid flux reversal in the
peaker strip as it unsaturates and re-
saturates in the opposite direction inducesa
voltage pulse of short duration in the coil.
‘Two such pulses are produced for each
cycle of guiding flux and, since they are of
opposite sign, the one produced at the zero-
increasing guiding flux point can be selected.
This pulse isapplied to the timing-pulse
control circuit, which then gencrates a
triggering pulse delayed the proper interval
after guiding flux zero. This triggering pulse
fires the injection pulse generator which,
acting through the pulse transformer, ap-
plies the high accelerating injection voltage
pulse to the clements of the electron gun.
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Fig. 2 -Guiding flux density in a

biased betatron.
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Fig. 3—Electron injection matching voltage.

In practice, the anode of the gun is
connected to ground and the filamentary
cathode is pulsed negatively. To supply the
heating power for the filament, the second-
dary of the pulse transformer consists of a
bifilar winding, the low potential end of
which is connected to the filament supply
and the high potential end through a step-
down transformer to the filament.

There are also provided a voltage-regu-
lated gun filament supply and an injection
crest voltmeter for measuring the negative
pulse supplied from the pulse transformer to
the gun filament.

The relation between guiding flux density
and the energy of an electron in an equi-
librium orbit of given radius determines
fundamentally the operating constants of
the electron injection components. This re-
lation may be written

4
Br = VV(V +1.02), 2]
in which
B =guiding flux density at equilibrium
orbit in gauss
r =equilibrium orbit radius in centi-
meters
V =electron energy in million electron
volts (Mev).
As shown in Fig. 2 for a biased betatron,
B comprises a sinusoidal component of peak
value B, and a steady component Bpc of
magnitude less than that of B,. From the
figure, it can be written that

B = B,[sin & + sin (wt — 3)]. 3)

Substitution of (3) into (2) yields upon
solving for V

V= {0.264(3B.r)?[sin 6 + sin (wt—8) |2102} /2
—0.51, @

an expression which correlates energy of the
electron in the equilibrium orbit, radius of
the equilibrium orbit, guiding flux density,
and time after guiding flux zero.

In order to enter and remain in the
equilibrium orbit, electrons injected a time ¢

after guiding flux zero must have the energy
(corresponding to the flux at that instant)
given by this expression. This energy is re-
ferred to as the “matching voltage.” If
from then on (1) is satisfied, the electrons
will continue in the equilibrium orbit.

It has been found, in practice, that a
good valug for 8 is r/3. Fig. 3 shows a plot
of (4) with §=r/3, w=1,130 {fora 180-cycle
supply), and Br,..=1.68X10% gauss-centi
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meters (which corresponds to a maximum
clectron energy of 50 Mev).

The following points may be observed:

1. If excessive voltages on the clec-
tron gun are to be avoided, electron in-
jection must be completed within a few
microseconds after guiding flux passes
through zero.

2. At a given instant only clectrons of a
certain energy match the equilibrium con-
ditions exactly. For ideal matching condi-
tions, the encergy of the clectrons coming
from the gun should increase with time
during the injection pulse.

To these may be added the following:

3. Because there exist restoring forces
on electrons which are out of the equilibrium
orbit, there is a small range of cnergy ahout
the ideal value given by (4) which an in-
jected electron may have at a given time
after guiding flux zero and still match the
cquilibrium orbit. This range is of the order
of +1 per cent of the ideal value given by
(4) and, as the magnitude of the restoring
forces increases with ¢, it is larger for large
values of ¢ and smaller for small values.
This puts definite limitations on the amount
of jitter which can be present in the inject
ing pulse.

4. It is desirable to capture in the
equilibrium orbit as many electrons as pos
sible with a minimum of “lost” electrons
since these lost electrons increase space
charge and upon hitting the tube walls cause
overheating.

Keeping these observations in mind, the
properties of the components of the elec-
tron injection cquipment can be discussed

R

Fig. 4—Electron gun and tube for a 50-Mev betatron.
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A. Electron Gun

A 50-Mev betatron tube and electron
gun are shown in Fig. 4. In order to achieve
high gun emission and high percentage of
electron capture in the equilibrium orbit, in-
jection voltages should be high. This require-
ment has to be balanced against the spacing
of the gun elements which is limited by the
space available for the gun structure. For
guns of size commensurate with available
space, the maximum accelerating voltage
pulse which can be applied to gun clements
is around 70 kv peak. Reduction of the
number of stray electrons hitting the tube
wall can be helped in design of the gun by
shaping the elements to produce a ribbon.
like stream of electrons tangent to the
equilibrium orbit. To avoid the necessity of
close alignment of the gun structure and to
insure tangency after it is mounted in the
tube, a deflecting electrode is incorporated
into the gun. In the gun shown, the fila-
ment and focusing clectrode are connected
together and pulsed negative with respect to
the anode, while an adjustable proportional
positive pulse is simultanecously applied to
the deflector clectrode. To prevent stray
electrons from accumulating on the tube
inside wall and building up a disturbing
clectrostatic ficld, the wall is covered with a
grounded conducting coating of sufficiently
high resistance to prevent excessive heating
from the eddy currents induced by the
alternating guiding flux.

The gun filament must be reasonably
long-lived, capable of supplying about 2
amperes peak and 2 milliamperes average
emission, and must be mechanically strong
enough to withstand rather severe vibration.

B. Gun Filament Supply

For stecady X-ray output of the beta-
tron, it is necessary that average gun emis-
sion be held quite closely to a constant value.
This can be achieved by regulating the
voltage of the gun filament supply, which,
because the filament power is carried
through the pulse transformer, is most
conveniently an ac supply allowing use of a
step-down transformer at the high end of
the pulse transformer to keep the current
through its bifilar winding low. The mag-
netic field resulting from the current flowing
in the filament affects the output of the gun,
and if the supply for the filament is not of
the same frequency as the magnet flux,
madulation of the X-ray output will result.
Since there are not presently available non-
electronic constant voltage supplies for fre-
quencies other than 60 cps, an electronically
regulated gun filament supply is required.

In Fig. § is shown the circuit employed
for the gun filament supply. It is an adapta-
tion of a circuit described by Ridenour and
Lampson.?

The primary of transformer T1 is sup-
plied through capacitor C which has an
appreciable impedance at the supply fre-
quency. Diode V1 is operated emission
limited such that anode current varies con-
siderably with small changes in filament
voltage. The anode of V1 is connected to the

% L.N. Ridenourand C. W, Lampson, “Thermion-
ic control of an loniration gage,” Rev. Sci. Instr.,
vol. 8, p. 162; May, 1937,
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Fig. S—Gun filament supply for a betatron.

grid of V2, whose cathode is at a slightly
higher positive potential. The anode of V2
is connected to the grids of the push-pull
tubes 1’3 and 14 whose cathodes also are
connected to a source of higher positive
potential than that of their grids. The cur-
rent drawn by these tubes through sec-
ondary S2, together with that drawn by the
gun filament from secondary S3, cause a re-
duction in transformer voltage by virtue of
the impedance drop through capacitor C. As
supply voltage increases the increased emis-
sion in 1’1 causes considerable drop in its
anode potential, which is amplified by V2
to produce a rise in grid potential of 1"3 and
V4. The resulting increase in their anode
current loads the transformer more heavily,
and the increased impedance drop through C
maintains the transformer voltages cssen-
tially constant.

Variable ratio auto transformer T2 al-
lows adjustment of the gun filament voltage
to any desired proportion of the regulated
output voltage.

C. Gun Accelerating Voitage Supply

Electrons will be captured in the equi-
librium orbit only if they have at the in-
stant of injection energies within about
1 per cent of that given by (4). Thus, re-
calling Fig. 3, the ideal wave shape of the
pulse of injection voltage should be as
shown in Fig. 6(a). It is not practically
possible to obtain a pulse of exactly this
shape; however, it has been found that by
generating a squarc-wave pulse and apply-
ing it to the gun through a high turns-ratio
pulse transformer, the resulting distorted
secondary voltage pulse (which is roughly

v
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Fig. 6—Injection voltage pulses in the betatron.
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Fig. 7—Injection pulse generator for a betatron.

triangular in shape) falls within the capture
range of matching voltage over a fair por-
tion of time, as shown in Fig. 6(b), and pro-
vides good injection.

A typical injection pulse generator is
shown in Fig. 7. 1t consists of a pair of 872
phanotrons 1’1 and 172 connected in a volt-
age-doubling circuit to charge a 3-micro-
second, 50-ohm lumped-constant line to
8.000 volts. When the line is discharged
through the 5C22 hydrogen thyratron 173
into a 50-ohm resistive load, a square wave
of voltage of 4,000 volts and 3 microseconds
duration is produced. .\ commutating volt-
age for the thyratron is provided by a tap
on the supplv transformer T'1.

The 5C22 thyratron is chosen because of
its high peak current rating and its short
deionization time, allowing its use with beta-
trons operating at frequencies as high as
1,920 cps.

The pulse from the injection pulse gen-
erator is fed, as shown in Fig. 1, to a pulse
transformer having a wurns-ratioof 174 to 1.
The secondary is loaded by the electron gun
and its voltage divider to produce an equiva-
lent load referred to the primary of 50 ohms.
Ideally, the resulting 70 kv voltage appear-
ing across the secondary terminals would be
a square wave, but design limitations and
unavoidable stray load capacitances pro-
duce the fortunitely more desirable wave
shape shown in Fig. 6(b).

The gun voltage divider is tapped at the
proper points for supplying the gun elements
and at 50 ohms from ground for supplying a
low proportional voltage used in observing
and measuring gun voltage with the injec-
tion crest voltmeter. This latter uses well-
known circuits for measuring crest voltages,
employing a diode rectifier which charges a
capacitor to the crest voltage and a two-tube
bridge voltmeter for measuring the capacitor
voltage. An over-current relay is included
in the output line to protect againstarc-over
of the gun.

According to (4), matching voltage is a
function of guiding flux density; hence. in
order to maintuin currespundence between
injection voltage and the matching voltage

required by (4), the supply voltage for the
injection pulse generator must not differ <ub-
stantially from that supplving magnet ex-
citation. In some circuits, such as the one
shown in Fig. 1, the magnet exciting voltage
is not constant and does not vary in the same
manner as that of the magnet power supply.
Therefore, best results are obtained by sup-
plying the ihjecton pulse gencrator from a
source of voltage which is proportional to
magnet flux. Such an auxiliary voltage ~up-
ply may be had from <everal turns placed
around a convenient <ection of the magnet
core.

D. Timing-Pulse Control Circuit

The essential function of the timing-pulse
control circuit is to control the time phase of
the gun acceleration voltage pulse with re-
spect to magnet guiding flux zero. Three
functions are required: (1) manual phase
control to adjust initially the gun accelera

O)ctober

tion voltage pulse to the matching voltage;
(2) automatic phase control to adjust for
random variations of matching voltage; and
(3) suppression of jitter in the gun accelera-
tion voltage. These are provided by a circuit
such as that shown in Fig. 8.

Manual phase control is achicved by the
pipper and variable delay circuits, the de-
tails of which are given in Figs. 9 and 10.
The peaker strip is biased by means of cur-
rent flow resulting from the two sources of
ac voltage as shown, such that its flux passes
through zero before the magnet guiding
flux. The voltage pulses from the peaker
<trip are applicd to the pipper, Fig. 9, the
input rectifiers of which are arranged to pre-
vent a net direct current from being drawn
through the peaker strip and to allow only
negative pulses, Fig. 9(a), to reach Cl.
This capacitor, acting with the grid resistor
R3 of tube 171, causes a vollage which is the
derivative of the negative peaker pulse to
appear at the grid of that tube (see Fig.
9(h)). 1’1 is a class-A amplifier which ap-
plies the amplified pulse shown by Fiz. 9(c)
10 the grid of V2. The grid of this tube is
over-driven so that the amplified pulse ap-
pears on the anode as shown by Fig. 9(d),
which in turn is differentiated as shown in
Fig. 9(¢) by means of a small capacitor (3
and gril resistor R7. 13 i< biased well be-
low cutofl, <o that only the narrow top of the
differentiated wave causes plate current
flow, and the resulting plate voltate pulse
i~ us shown by Fig. 9:f). This pulse isapplicd
to the positively biased 14 an 1 is of sufficient
value to drive this tube well below cutoff,
producing the square topped wave shown by
Fig. 9(z). V4 isa 6.\G7, chosen for its high
transconductance, which allowsa small plate
load resistor to be used. This keeps the time
constant of the plate circuit low permitting a
rapid rise of voltage upon cutoff which pro-
duces the desired <tcep wave front.

Refer now to the variable delav circuit,
Fig. 10. In the normal condition, 172 is con-
ducting because of its positive bias and 171
is hcld nonconducting by the negative bias
developed across the common cathode re-
<istor R4. The square-topped pulse from the
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Fig. 8— liming-pulse control circuit for a betatron.
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Fig. 9—Pipper circuit for a betatron.

pipper is applied to the input as shown in
Fig. 10(a). This drives the grid of V1 posi-
tive, causing current to flow in the anode
foad potentiometer P1, and resulting in a
fall of anode potential as shown by Fig.
10(b). Since the voltage across capacitor C4
cannot change instantly, the grid of V2 is
driven negative as shown by Fig. 10(c) and
the potential of its anode rises to supply
voltage as shown by Fig. 10(d). The grid of
V1 is then held positive by voltage divider
action between R14 and the grid resistor R2.
The voltage on C4 will slowly decay as
shown by Fig. 10(c), as capacitor C4 dis-
charges through resistor R8, allowing the
grid voltage of 172 to rise to cutoff, at which
point this tube starts to conduct. The fall of
the anode voltage of V2 causes a fall of
voltage on the grid of V1, causing a rise in
the anode voltage of V1, which assists in
the rise of grid voltage of V2. This results
in a very rapid return to the original conci-
tion. The rapid fall of anode potential of
172 is differentiated by the small coupling
capacitor C5 and grid resistor RS, producing
a pulse at the end of the timing cycle on
the grid of V3 as shown by Fig. 10(e). Since
the grid is driven well below cutoff, the
resulting pulse across the anode resistor R13
is square-topped as shown by Fig. 10(f). This
pulse is applied to the grid of 14, a 6.\S7
tube whose two sections are connected in
parallel and biased to cutoff, and a 50-volt,
1-ampere pulse appears across the 50-ohm
load at the end of a 50-ohm coaxial line in
the cathode circuit. It is this pulse which
fires the injection pulse generator. Manual
control of the time delay between the input
pulse and output pulses is determined by
the setting of the potentiometer P21 in the
anode of V1. This determines how far nega-
tive the grid of V2 is driven, which in turn
determines the time required to rise to cut-
off. The minimum time delay obtainable is
equal to the width of the triggering pulse,
and can readily be made only a few micro-
seconds, In practice, the peaker strip bias is
usually set ahead to allow full range of
manual adjustment of the variable delay
circuit. The variable delay circuit is then
adjusted until gun accelerating voltage coin-
cides sufficiently with the required matching
voltage.
Automatic phase control is required be-
‘“cause supplying the injection pulse generator
from a source whose voltage varies linearly

—

.

with the excitation voltage of the magnet
does not eliminate entirely deviation of the

gun accelerating voltage pulse from the

value required for correspondence with the
matching voltage. It may be observed from
(2) that, for a given short time after guiding
flux zero, matching voltage varies as the
square of magnet excitation voltage. Thus
if magnet excitation voltage increases
slightly, the gun accelerating voltage should
increase as its square, but, since the injec-
tion pulse generator supply voltage varies
linearly with magnet excitation voltage, only
a linear increase occurs. This means that gun
accelerating voltage is too low. To correct
for it, the time of injection must be ad-
vanced.

This is accomplished, as shown in Fig. 8,
by that portion of the peaker strip bias cur-
rent derived from the magnet voltage. As
magnet voltage increases, more bias current
is applied to the peaker strip, causing its
flux to go through zero and produces the
reference voltage pulse at an earlier time.
The value of voltage supplied is such that
the rate of change oi voltage produces the
correct rate of change in timing for the par-
ticular injection voltage being used. This
voltage would normally result in an appreci-
able current through the peaker strip which
would overheat the windings. Therefore,
since it is only the change in current which
is required for compensation, the initial
current can be balanced out by a fixed op-
posing potential from a regulated source as
shown. In the peaker bias circuit the rf
choke prevents the high-frequency peak
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from being shunted out. The resistor K
(Fig. 8) is sufficiently large that the current
flow from the ac bias supply is in phase
with the voltage, such that its maximum
value occurs at guiding flux zero when it is
needed.

In order to suppress the jitter which ap-
pears in the gun acceleration voltage, it is
necessary to eliminate the jitter at its source.
One of the main sources of jitter may be
due to the tolerance in input voltage which
will fire the injection pulse generator
thyratron. Consequently, for a given input
pulse there will be a corresponding variation
in the time at which the thyratron will fire.
To minimize this time variation, it is neces-
sary to use a large pulse of short build-up
time to trigger the thyratron. Such a pulse
is provided in the variable delay circuit by
use of the high transconductance tubes
(V1, V2, V3, in Fig. 10) working into low
load resistors. Another source of jitter is
pickup, which, if not suppressed, may
trigger the thyratron before the desired time.
Pickup can be minimized by careful shielding
and the use of coaxial cables. A final source
of jitter is variations in the timing circuit,
This is eliminated by the use of high-quality
components for R8 and C4 in the timing
circuit (Fig. 10), and by using regulated
voltage supplies.

I11. ELEcTRON EjECTION EQUIPMENT

These circuits act to shift or eject the
electrons from their equilibrium orbit and
cause them to strike the metal target. As
may be observed from (1), for electrons to
remain in an orbit of constant radius during
acceleration, the rate of change of accelerat-
ing flux with respect to guiding flux (3¢/AB)
must be constant, A deviation from this
condition will cause a change in orbit radius;
therefore, when it is desired to expand or
contract the orbit to cause the electrons to
strike the target, it is merely necessary to
change one of either guiding or accelerating
flux without changing the other.

In one form of the betatron, the core is
so designed that its central portion saturates
at the crest of the accelerating flux wave.
This results in a deficiency of A¢, causing
the orbit radius to reduce to maintain equi-
librium, and the electrons spiral inward to
strike the target. This simplified design
produces X rays of only one maximum
energy. A more flexible design incorporates
“orbit-shift” coils mounted on the magnet

Y4 outeuT 10 80~
ONM LOAD

Fig. 10—Variable delay circuit for a betatron
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pole faces in the vicinity of the equilibrium
orbit such that when current is passed
through them, the guiding flux is strength-
ened or weakened and the orbit radius con-
tracts or expands until the electrons hit
the target. Current may thus be passed
through these coils in a short pulse at any
time after injection causing the electrons to
strike the target with the production of
X rays of any desired maximum energy up
to the maximum for which the betatron is
designed. Such a system is indicated in Fig.
1. The components in this group, designed
to contract the orbit, are:

a. Orbit-shift coils
b. Orbit-shift coil supply (cjection pulse
generator and peak current indicator).

a. Orbit-Skift Coils: The orbit-shift coils
are mounted on the upper and lower magnet
pole faces as shown in Fig. 1. At a point
somewhere between guiding flux zero and
guiding flux maximum, such as C in Fig. 2,
a pulse of current from the ejection pulse
generator is sent through the coils in such a
direction as to strengthen the guiding flux
in the space between them.

The increase in guiding flux so obtained
decreases the radius of the equilibrium
orbit, and the electrons spiral inward strik-
ing the target with essentially the energy
they had at C. Control of the time delay
between guiding flux zero and the firing of
the ejection pulse generator gives control of
the location of point C, or, in other words,
control of the maximum energy of the X rays
produced by the betatron.

Design of the orbit-shift equipment is
based on the positioning of the orbit-shift
coils and the change in equilibrium orbit
radius required to cause the electrons to
strike the target. Assuming that the electron
orbit is contracted rapidly without signifi-
cant change in electron energy from one of
radius ro to one of radius r, corresponding
to the location of the target, the guiding
flux density B,’ at the target at the end of
the orbit-shift pulse must be
iy

T

Bll =3 (S)
in which By is the guiding flux density at the
equilibrium orbit of radius 7o at the begin-
ning of the orbit-shift pulse.

In a betatron, the guiding flux density is
a function of radial distance from the mag-
net polepiece center such that when no orbit-
shift pulse is present, the guiding flux
density B, at the radius r; is

n=a(3)

in which n is a number between zero and
one, in present designs usually 3/4. Sub-
tracting (6) from (5), the change AB; in
guiding flux density required to shift the
orbit from one of radius 7, to one of radius
reis:

(0)

AB; = By(d — A7) (D

in which 4 is the ratio ro/7:.

In order to shift the orbit from one of
radius ro to one of radius r it is necessary to
change the flux through the entire area be-
tween ro and .. The coil configuration

shown in Fig. 1 does this. For design pur-
poses, it can be assumed that the orbit-shift-
ing flux appears only in the volume between
the upper and lower coils, and that the re-
luctance of the flux path in the magnet iron
is negligibly small compared to that in air,
Under these assumptions, the peak current
required to shift the orbit is then

d
I, = 0.795AB, v (8

in which

I,=peak current in amperes
AB=orbit-shift flux pulse in gauss re-

quired by equation (7)

d=average distance in centimeters
between upper and lower orbit-
shift coils

N=total number of orbit-shift coil
turns.

The inductance L of the shift-coil con-
figuration can be calculated or measured,
and the peak energy I, required by the
orbit-shifting flux pulse calculated from

» = 3LI;? joules. 9)

b. Orbit-Shift Coil Supply: A relatively
simple way to obtain the flux pulse is to
discharge a capacitor through the orbit-
shift coils, the capacitor energy storage re-
quired being equal to that given by (9), or,

$CV2 = §LI,2 (10)

The value of capacitance chosen should
be such that the time of rise of the current
through the orbit-shift coils is small, com-
pared to that of a cycle of the guiding flux.
The practical limit is that of insulation for
the higher voltages required to achicve
shorter rise times.

—(E
=
x>
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A typical ejection pulse generator for
supplying the orbit-shift pulse to a Dbeta-
tron is shown in Fig. 11.

Power for the orbit-shift coils is sup-
plied through transformer 7’1 from turns on
the magnet core. Capacitor C1 is chnrgcd
through phanotron V1 toanenergy given by
(9) on the half-cycle of voltage preceding
that during which the clectrons are ac-
celerated. When thyratron V2 is fired, C1 is
discharged through the orbit-shift coils. V2
must be able to supply a peak current given
by (8); further, it must have a deionization
time which is short enough to enable the
point of firing (C in Fig. 2) to Le moved
close to guiding flux maximum, obtaining
maximum energy cjected electrons while
still allowing V2 to be deionized before V1
begins to conduct on the following charging
half-cycle.

Bias for the thyratron is obtained from
rectification of the voltage from one winding
of T2 and the firing pulse from peaking
transformer 7'3. 7'3 is fed from the phase-
shifting network comprising Rl and C2,
which is supplied from a second winding of
T2. Since 72 is supplied from magnet volt-
age, this network determines the point C,
Fig. 2, at which the ejection pulse occurs
and hence the maximum cnergy of the
X-ray output.

A voltage pulse for use in the megavolt-
meter (to be discussed in the next section),
and a peak current indicator isobtained from
a current transformer 74 placed in series
with the cathode of V2. The current trans-
former is loaded with a resistor R2 of suffi-
cient value to produce a proportional volt-
age within its saturation rating. This voltage
is applied to a crest voltmeter similar to
that previously described, and serves to
monitor the orbit-shift coil current.
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Fig. 11—Ejection pulse generator for a betatron.
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1V. X-Ray MONITORING EQUIPMENT

There are two components of monitoring
quipment necessary

a. X-ray energy monitor (megavolt-
meter)
b. X-ray intensity monitor (ionization

chamber and associated amplifiers).

t. X-Ray Energy Monitor: As has been dis-
aussed previously, changing of the phase
elative to guiding flux zero of the orbit-shift-
ng current pulse changes the energy with
vhich the electrons strike the target, and
ience changes the maximum energy of the
K rays produced by the betatron. It is neces-
ary in many applications to know what the
naximum X-ray energy is, and desirable to
lave a more or less direct way of measuring
t, rather than depending on an indirect
nethod such as calibrating the position of
he phase shifting contro! Rl in the ejection
wulse generator (Fig. 11).
As electron injection always occurs at
tssentially zero guiding flux density (4, Fig.
'), equation (1) may be rewritten

A¢ = (2xr)Br. (11)

t can be seen from (11) that the product Br
s proportional to the total change in ac-
elerating flux over the time of acceleration;
hat is;

‘l
By =~ do (12)
e
r
4 dé
Br =~ —dt. 13
4 o (13)

Since the instantaneous voltage E induced
iround a loop enclosing the accelerating
jux is proportional to the rate of change of
that flux, it may be written

do
E=~ —. 14
& (14)
Substituting (14) into (13):
[}
Br= | 'Ea. (15)

The voltage E may be integrated over
the time of acceleration (4 to C on Fig. 2)
to obtain a quantity proportional to the
value of Br at the instant of ejection. From
(2) the corresponding value of electron
energy V can then be obtained.

A circuit (called a megavoltmeter) to
faccomplish the integration of E over the time
of acceleration has been described,® and is
shown in Fig. 12, A voltage proportional to
that induced within the equilibrium orbit
(E in (14)) is obtained from the auxiliary
winding around the magnet core (Fig. 1).
This is applied to thyratron V1, the anode
of which is biased positively by an amount
equal to the tube drop of approximately 15
volts. Thus, instantancous current flow
through the tube is proportional to E di-
vided by the series resistance Rl plus RS.

At guiding flux zero, the thyratron V1 is
fired by the peaker strip voltage pulse and
conduction starts. At the instant of ejection,
k-

' W, F. Westendorp, “A megavoltmeter for induc-
tion electron accelerators,” Rev. Sci, Instr., vol. 17,
| pp. 215-217; June, 1946.
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Fig. 12—Megavolt meter for a betatron.

a pulse of voltage from the orbit-shift circuit
fires thyratron V2 whose cathode is con-
nected to a dc potential more negative
than the cathode of V1. This lowers the
anode of V1 below its cathode potential
causing conduction to cease. The ammeter
A, in series with the anode of V1, measures
the average current through that thyratron.
Since this current is proportional to the inte-
grated value of E, it is also proportional to
the product Br. Knowing the constants of
the betatron, it is then possible to substitute
in (2) and obtain corresponding valuesof V
for each value of Br, and thus mark the scale
of ammeter 4 to be direct reading in maxi-
mum X-ray energy. The variable resistor R5
is provided to calibrate the ammeter ini-
tially to agree with the scale markings.

b. X-Ray Intensity Monitor: The unit used
in measuring the amount of X radiation
passing by a point in space is called the
roentgen (after the discoverer of X rays) and
is symbolized by the letter R. It is defined
by the ionization produced in a unit volume
of air by the radiation at the point in
question. Numerically, it is that quantity
of radiation which will produce ions bearing
one electrostatic unit of charge, of one sign,
per cubic centimeter of dry air at standard
temperature and pressure. In the practical
system of units, then

1R = 3.33 X 1079 coulombs/cc.  (16)

The unit most commonly used in measur-
ing intensity of X radiation is the roentgen
per minute. Thus, X-ray intensity at a
point may be measured by measuring the
charge per minute produced in a unit volume
of air at that point.

A practical form of intensity monitor
consists of a thin walled metallic chamber
filled with air in which is placed an insulated
electrode connected to a source of direct
potential, When an X-ray beam passes

through the chamber, the resulting ioniza-
tion allows current to flow between the elec-
trode and the chamber walls. This current
is a measure of the time rate of ionization
produced in the chamber and hence, with
the volume of the chamber known, is a
direct measure of the average intensity of
X radiation through it.

There are several factors dictating the
design of an “ionization chamber” which
have been discussed elsewhere.!® Since the
movement of ions through the air to the elec-
trode is relatively slow (of the order of 1
centimeter per second per volt per centi-
meter gradient), it is desirable to have the
spacings small and the potentials high to
speed up the collection of ions, and thus
minimize the occurrence of recombinations
which will reduce the collected current. On
the other hand, if the potential gradient is
too high, the velocity of the simultaneously
produced electrons becomes sufficiently great
to cause ionization of additional gas mole-
cules, causing an increase in collected cur-
rent which can lead to a runaway condi-
tion once ionization is started. Therefore,
in the design of an ionization chamber for
direct reading of the relatively intense radia-
tions of a betatron, the spacings are kept
small in order that high speed of collection
may be attained without excessive electron
velocities,

One form of ionization chamber consists
9!’ three parallel circular plates spaced a
small distance apart and placed directly in
and perpendicular to the X-ray beam (see
Fig. 13). These plates are made of a thin
lightweight material, such as aluminum, and
offer small absorption to the beam. The
outer plates are connected to a source of
potential of the order of 1,000 volts and the

19 Serge A, Korff, “Electron and Nuclear Counters,”
g.“\s/an Nostrand éompany. Inc., New York, N. Y.
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Fig. 13—Functional diagram of a high-
level X-ray intensity monitor.

central plate through a high resistance to
ground. The potential drop in this resistor
caused by the current flow due to the ions
produced by the X-ray beam is measured on
a tube voltmeter, and the indication of the
voltmeter taken as a measure of the in-
tensity of X radiation through the chamber.

In a typical case, an ionization chamber
having a 200 cubic centimeter volume placed
in an X-ray beam of 60 rpm (1 rps, a mini-
mum usable betatron output) will produce
according to (16) a current of

(3.33 X 1071%) X 200 X 1 = 6.67 X 107*

coulombs per second, or amperes, which
through the 10-megohm resistor will pro-
duce 0.67 volt, which offers no problem in
measurement.

In some cases where it is undesirable to
remove the low energy component of the
X-ray beam by the filtration of an “in-the-
beam” ionization chamber, it is necessary to
place the chamber to the side of the beam
and pick up the “stray” radiation. By
means of comparisons with measurements
obtained by instruments placed in the beam,
a calibration is obtained. Such positioning
receives radiation of intensity many orders
of magnitude less than one in the beam and
requires a higher electrode resistor and a
dc amplifier to operate an indicating in-
strument. Such a circuit is shown in Fig.
14. It is usually necessary to place the first
stages of amplification at the location of the
chamber, which is often a considerable dis-
tance from the point at which readings may

PROCEEDINGS OF TIHIE [L.R.I.

be observed. The circuits must be shielded
against relatively strong stray magnetic
ficlds of guiding flux frequency and against
vibration of frequency the first several
integral multiples of guiding flux frequency.

Refering to Fig. 14, to minimize drift
and increase stability in general, the pre-
amplifier and amplificr are arranged for 100
per cent negative feed! ack and supplied
from a closely regulated power supply. To
avoid high voltages to ground, the power
supply provides both a positive and negative
bus.

The input signal from the jonization
chamber is developed across a 5,000-megohm
input resistor; the output signal is de-
veloped from the cathode of the last stage of
the amplifier to ground. A switch for check-
ing the output instrument reading with no
current flowing through the input resistor
and balance contrels (acting on the cathode
potential of the first stage of the pre-ampli-
fier) for adjusting the output meter 10 read
zero with zero input are provided.

The first stage of the pre-amplifier, hich

Waves and Electrons Section

()ctober

contains three stages, is a 954-pentode con-
nected as a space-charge grid electrometer
whe. This tube is operated at reduced fila-
ment and anode potentials to minimize grid
current. It is followed by one stage of ampli-
fication and a cathode follower stage. All
filament currents come from the regulated
supply.

The amplifier contains sufficicnt stages
1o give a net feedback loop gain of about
50,000. The final stage is a cathode follower,
the output of which energizes the output
instrument

V. CoxcLusion

In this paper we have endeavored to
present in some detail the clectronic circuit
components of the betatron. All clectronic
aspects of the device have not been touched
upon, for a complete treatment would in-
clude design of the betatron tube, the mag-
net, and power control circuits; however,
solutions to the main electronic circuit prob-
lems have been given.

.. —
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Fig. 14—Functional diagram of low-level X-ray intensity monitor.
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CORRECTION

M. G. Morgan, author of the péper. “A Modulator

e = E(1 — e {/RC)

Producing Pulses of 10-7 Second Duration at a 1-Mc .

Recurrence Frequency,” which appeared on pages 505- ¢ 1% 107

509 of the Mav, 1949, issue of the PROCEEDINGS OF THE R = e :

I.R.E., has called the following error to the attention of Cln 125 X 1012 In 5,000
the editors. E—e 5,000 — 3,000

In the computation on the lower left of page 507, the
two plus signs should be multiplication signs, to read:

437 ohms.
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The Influence of UHF Allocations

JOHN D. REIDf{, FELLOW, IRE

on Receiver Design*

| The appearance of this paper in the PROCEEDINGS OF THE I.LRE.is |

the result of the activities of the IRE Broadcast Engineers Group.

Summary—The principle of affording protection
to receivers from adjacent channel interference by
alternate channel assignments has been universally
accepted. It is shown that approximately 20 db added
protection between receivers from local oscillatot
radiation can be obtained by alternate channel assign-
ments and receiver intermediate frequency standardi-
zation. There is also developed a square assignment
plan in which added protection is provided for image
interference, the picture image station being spaced
1,4 times the adjacent channel station and ihe co-
channe! station 2 times the adjacent charn:l station.
It is shown that 41.25 is the optimum value of inter-
mediate frequency for joint vhf-uhf usage.

INTRODUCTION

N CONSIDERING the allocation of a

new television band, it would seem justi-

fied to consider receiver design problems
which affect the performance and cost of
receivers in the allocation problem.

It is proposed that an intermediate fre-
quency be standardized that is satisfactory
for both very-high frequency and ultra-high
frequency bands and that the uhf assign-
ments be made in a manner to afford a de-
gree of protection to receivers from oscil-
lator radiation and image response, and so
that local oscillator frequencies will come out
in whole numbers divisible by a common
integer.

I. IF REQUIREMENTS FOR RECEIVER PRO-
TECTION FROM LOCAL OSCILLATOR
RApiaTioN

Table I shows where the local oscillator
frequency will fall as the if frequency is
varied. From this Table it can be seen that
an if between 36 and 42 Mc will place the
local oscillator an odd number of channels
above (assuming the local oscillator is
above the signal frequency). The higher the
beat that is produced with the picture the
better, but caution should also be observed
that the oscillator interference does not fall
too close to a sound carrier.

In Table 1 where the oscillator interfer-
ence is such as to interfere with sound or
picture carrier an even number of channels
above, the beat that is produced is itali-
cized. Fig. 1 shows the preferred location for
local oscillator interference tofall. The round
top curves show the receiver susceptibility
to interference which is a maxitnum at the
picture carrier frequency, and falls off
sharply on the low side and less sharply on
the high-frequency side.

* Decimal classification: R583.5 X R007.1, Orlginal
man ascript received by the Institute, June 13, 1949
Prescnted, Third Annual Spring Conference, Cin-
clnnati, Ohio, April 23, 1949,

t Crosley Division, Avco Manufacturing Corpo-
ratlon, Cincinnati, Ohlo.
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Fig. 1—Preferred location of
oscillator interference.

This figure indicates that the best com-
promise would be reached if the local oscil-
lator interference fell in an alternate channel
and was approximately 3.8 Mc above the
picture carrier of that alternate channel.
This, of course, will not eliminate the prob-
lem of oscillator interference but merely
means that some 20 db of added protection
is afforded, or, stated another way, some 10
times increase in local oscillator voltage pres-
ent on the receiver terminals can be toler-
ated.

From the standpoint of local oscillator
radiation, it can be seen that an if of 1.3
Mc would afford optimum protection. If's
+12 Mc or muitiples thereof would afford
the same protection. However, —12 Mc
puts us in the 10-meter amateur band and
+12 Mc in televisioa channel 2. It should
be noted that an if above 36.6 Mc atfords
complete protection for the vhf channels
which have a maximum block of 7 channels.

i

II. IF REQUIREMENTS IN IRELATION
TO IMAGE RESPONSE

As we go higher in signal frequency,
radio frequency preselection becomes in-
creasingly difficult to obtain, and the use of
uhf rf stages ahead of crystal converters will
generally result in a reduction in signal-to-
noise ratio. The rf selectivity which can be
obtained from two circuits in the uhf band
is most unsatisfactory when considering the
image rejection requirement predicated
upon using if's below the vhf band. An if in
the neighborhood of 400 Mc would minimize
the image problem, but such an if is not
practical today from gain and selectivity
standpoints. It is, of course, highly desirable
that a common if be used for combined
vhi-uhf receivers.

Further coasideration of this problem
indicates that by careful design and the use
of two tuned circuits in the preselector, an
average image attenuation of 10 to 15 db
can be expected in the uhf band in conjunc-
tion with a 41-megacycle if. This average
figure would be approximately double at
the low end of the band and approximately
half at the high end of the band.

Table 11 shows the image interference
which would result in respect to if's between
36 and 42 Mec. Figs. 2, 3, and 4 diagram the
information contained in this Table. The
curves of receiver susceptibility are drawn
in an inverted position in Fig. 2, and the
distance they are placed above the base line
indicates the amount of receiver image at-
tenuation requirecl. In this diagram, the
assumption is made that the image interfer-
ence will be down 13 db in respect to the
local station. These figures illustrate the

TABLE 1
OsCILLATOR RADIATION

Beat with Adj.

Beat with

IF Osc. Falis Beat with Pic. Sound Dic: or SOt
21.25 4 Channels Ahove 1,750 Above Pic. OK OK
21.9 4 Channels Above 2,400 Above Pic. OK OK
30.4 6 Channels Above 1,100 Below Pic. OK 400 Above Sound
32.8 6 Channels Above 1,300 Above Pic. 0K OK
36.4 7 Channels Above 1,100 Below Pic. OK 400 Above Sound
36.6 7 Channe's Above 900 Below Pic. OK OK
36.775 7 Channels Ahove 725 Below Pic. OK OK
41.20 7 Channels Ahove  3.700 Above I’ic. OK OK
41.25 7 Channels Above 3,750 Ahove Pic. OK OK
41.75 7 Channels Above 4,230 Above Pic. 250 Below Sound 1,500 Below Pic.

475 Mc 559 JMc
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tMAGE N Similarly, Fig. 3 shows that if an if of . 1NN
v o 41.25 Mc were used, the image attenuation N
s A 5 ! required of the receiver would be between 18 25 - - -
' | and 24 db. Eighteen db would tak'e care of . e :
= _i‘ — 1 1 —] the channel-29 picture carrier, while 24-db ’ 1 ¥
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Fig. 2—Image of channel 14 with
36.775-Mc intermediate frequency.

case for the first channel of the uhf band
(channel 14).

In Fig. 2 it will be seen that an if of
36.775 Mc would cause the image to fall 13
channels above channel 14, or in channel 27
with the picture image falling exactly on the
sound frequency of channel 27 and the sound
image falling exactly on the picture fre-
quency of channel 27. In this instance, as-
sume the carriers in channel 27 were down
15 db from the carriers of channel 14, or

in that the receiver attenuation required
would be between 12.5 and 18.5 db.
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from the carriers of channel 28 which might s i : T
be another local station. Then, in order to ] J'_ J Vo
obtain a 40-db favorable ratio for the desired _CHANNEL 28 1l CHANNEIN29) :ljﬁn e
picture, the receiver image attenuation re- )
quired would be 25 db. The inverted re- Fig. 3—Image of channel 14 with
ceiver susceptibility curve shows that, for 41.25-Mc intermediate frequency.

TABLE 11

IMAGE INTERFERENCE

IF

Pic. Image

36.4

36.6

36.775

41.25

41.65

475Mc

13 Channels Above
700 Below Sound
1,900 Below Pic.
3,800 Above Pic.

13 Channels Above
300 Below Sound
1,500 Below Pic.
4,200 Above Pic.

13 Channels Above
0 Beat with Sound
1,250 Below Pic.
4,500 Above Pic.

15 Channels Above
3,000 Above Sound
1,500 Above Pic.

3,000 Below Sound

15 Channels Above
3,800 Above Sound
2,300 Above Pic.

2,200 Below Sound

559Mc

ig%m%ls%zomzm

Sound Image

13 Channels Abovt;
700 Below Pic.

13 Channels Above
300 Below Pic.

13 Channels Above
0 Beat with Pic.

14 Channels Above
3,000 Above Pic.
1,500 Below Sound

14 Channels Above
700 Below Sound

643 Mc

és@so@szmm%o%s@m Z

(36) (41)

Fig. 4—Imuge of channel 14 with
41.65-Mc intermediate frequency.

I11. OrriMUM IF For COMBINED
VHF-UHF UsaGr

The RMA R-4 Committee considered
various if's between 21 and 42 Mc for vhf
usage and chose 41.2 Mc as first choice for
proposed standardization. Re-examining the
factors entering into a choice of 41.2, we find
that the second harmonic of the sound it
falls 850 kc below channel-6 picture. 41.03,
as indicated by image requirements for the
uhf band, would put this second harmonic
within 50 cycles of channel-6 picture, and is
therefore undesirable. 41.3, as indicated by
uhf local oscillator radiation requirements,
would put this second harmonic 650 below,
channel-6 picture, which could probably be
tolerated. However, there is another con-
sideration which should enter into the final
choice of the exact if frequency. It would be
highly advantageous in respect to future
developments where local oscillator frequen-
cies might be obtained by multiplication
and/or addition, that the local oscillator
frequency be even integers. With this re-
quirement in mind, 41.25 Mc seems to be
the best compromise in respect to all of the
preceding factors, and in that it gives us a
series of local oscillator frequencies starting
with 522 Mc and increasing in 6-Mc steps,
all of which are divisible by 6.

IV, THEORETICAL ALLOCATION ’LANS

The ideal allocation plan, from a stand-
point of conservation of spectriim, would be
one which used adjacent channels in the same
area. If all local areas had the same require-
ments for channels, we could use an alternate
channel assignment basis with the same
efficiency. Since areas do not have equal
channel requirements, there is a sacrifice
in spectrum usage from an alternate channel
assignment basis, but this is recognized as
necessary in order that receiver design is not
unduly complicated. Present regulations
provide at least 6-db protection to a trans-
mitter’s service area in respect to adjacent
channel interference. This requires approxi-
!nately a 100-mile separation between ad-
jacent channel stations. Cochannel inter-
ference requires some 40 db protection, and
may be obtained by spacing cochannel sta-
tions approximately 200 miles apart. Image
interference in the uhf band will be a serious
problem, and certainly one of equal if not
greater importance than adjacent channel
interference, in respect to receiver design.
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Therefore it is logical that we should obtain
as much or more protection for image inter-
ference in the allocation plan as we are now
providing for adjacent channel interference.
To do this, the image channel stations should
be spaced in excess of the 100-mile separation
provided for adjacent channel stations, and,
if spaced by 150 miles, would afford approxi-
mately 15-db protection.

Circular, equilateral, triangular, and
square allocation plans were investigated,
and the square plan seemed to offer the
greatest promise of providing image pro-
tection without increasing the number of
channels required. Making the sides of the
square equal to the adjacent channel spacing
gives the diagonal of the square equal to 1.4
times the side or for 105 miles adjacent
channel spacing, the diagonal will be 148
miles. Therefore, if the image channels are
kept on the diagonals, the desired image
channel separation will be obtained. The
cochannel spacing will automatically be
twice the adjacent channel spacings.

Fig. 5 shows a block of 28 6-Mc channels.
This block is divided into half giving two
groups of 14 channels. In the first group,
alternate channels are designated A and B,
and in the second group, C and D. Consider-
ing an if of 41.25 Mc, this will place the
image of channels 4 in channels D, and the
image of channels B in channels C. This

475M C

B/ ) 2 2
B, B, B, B, Bz B B D D2 02

559 M.C

Reid: The Influence of UHF Allocations on Receiver Design

gives us four types of stations to fit our
square allocation plan. (There are only two
basic types, as channels C are an extension of
A, and channels D an extension of B.)

Fig. 6 illustrates the square assignment
plan with channels 4, B, C, and D at the
corners of a square and the image channels
separated by the diagonals of the square.

A transparent grid of this basic pattern
can be laid over a map as a guide in alloca-
tion. Consideration of the basic square as-
signment shows a large middle area without
any guidance as to which type channel would
be best to assign. This can be rectified by
breaking the block assignment into 8 blocks
rather than 4. Each type channel is split into
two giving A,, By, As, Bs, G, D1 Gy, Dy, as
illustrated in Fig. 5.

Channels A4, will have their image
(pic) in channels D,.
Channels A3 will have their image
(pic) in channels D,.
Channels B, will have their image
(pic) in channels Ci.
Channels B; will have their image
(pic) in channels C,.

The above blocks allow 3 or 4 stations of
one type in a given locality, whereas the
former plan permitted 7 of each type.

We can then fill in the middle areas of our

643MC.

D

Fig. 5—Block of 28 6-Mc channels in the ultra-high-frequency band.

J. H. Mulligan, Jr., author of the paper, “The Effect

CTRONE=TO

CORRECTION

Page 522,

210ML .

Fig. 6—Adjacent channel—105 miles (6
db). Image channel—148 miles (15 db).
Cochannel—210 miles (40 db).

squares by displacing A4i, By, C;, D uni-
formly from A4, B, C, and D, as illustrated in
Figure 6.

This plan still maintains our 210-mile
cochannel, 105-mile adjacent channel, and
148-mile image channel separation.

This plan as illustrated for 28 channels
could be repeated if double the number of
stations per area were required.

Wherever possible, however, all stations
in one area should be grouped. The assign-
ment of stations in blocks for a given area is
highly desirable from the standpoints of
receiver performance and user convenience.
The receiver performance will be improved
by increased antenna efficiency and the pos-
sibility of improving the tracking of rf cir-
cuits over a limited portion of the band. The
use of bandpass acceptor or rejector circuits
would be facilitated. The user would find it
convenient to have his local stations groups
within a small area of the tuning dial.

line 28, right-hand side: a parenthesis
should be added between

of Pole and Zero lLocations on the Transient Response
of Linear Dynamic Systems,” which appeared on pages
516-530 in the May, 1949, issue of the PROCEEDINGS OF
THE I.R.E., has brought to the attention of the editors
the following errors:

Page 517, equation (6): The upper limit g in the sec-
ond term of the denominator should be replaced by g.

Page 521, last line, left-hand side: “sin (Bit—N\)”
should be “sin (Bi+A).”

Page 521, third line from bottom of page, right-hand
side: “B,” should be £..”

Page 522, first line, right-hand side: “B,”
“B* n
~ Page 522, line 14, right-hand side: D.,i}, D, ?* should be

Dlh Df

§

should be

"

“poles” and “except.”

Page 525, line 4, left-hand side: The line should read
“the approximation 1 — M, csc Y262 sin (B +N2+y2).”

Page 525, equation (40): “\;.” should be “\[.”

Page 525, line 8: “m,” should be “y.”

Page 525, equation (41): “log,|y” should be “log,
|'Yu.|” “cos ¥,” should be “cot ¥,”; “A+” should be
a)\{.n

Page 526, cquation (44): “\;.” should be “\[.”

Page 527, line 43: “ — &, + jv,” should be added to the
left of the equal sign.

Page 527, line 45: “ — {3+ jv,” should be added to the
left of the equal sign.

Page 527, line 47: “ — {3+ jv,” should be added to the
left of the equal sign.
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Electrodes for Vacuum Tubes by Photogravure
MARSHALL P. WILDERT, ASSOCIATE, IRE

Summary—An improved method of photogravure is described
which is particularly suited for making up small lots of electrode
parts for vacuum tubes. Complicated designs and configurations can
be cut with a minimum of effort, and frequent changes prior to final
tooling involve little time and expense. Its principal utility is in the
flexibility introduced by this improved process enabling precise
parts to be made for new experiments in vacuum-tube structures.

INTRODUCTION
4 I VHE WELL-KNOWN photomechanical process of

photogravure has been uscd for many years to

transfer variations in tone of a photographic image
to variations in depth or arca on a metal plate. This plate,
properly inked, is used to reproduce the original image
by all varieties of the printing art. Photogravure pro-
vides an inexpensive method whereby complicated vac-
uum-tube electrodes of 0.002 to 0.015 inch thick sheet,
such as nickel, iron, or stainless alloys, may be produced
in an easily reproducible form and in a wide variety of
shapes. Resolution of the order of 40 lines per millimeter
has been done with fair results; however, for such fine
work, thin copper 0.002 inch thick is required. In gen-
cral, vacuum-tube electrodes do not require definition
much greater than 15 lines per millimeter. With reason-
able care, this is readily accomplished. Electrolytic etch-
ing is used for all tube parts except for very fine screens
500 to 1,000 holes per linear inch. This method is faster
and undercuts much less than more conventional ferric
chloride etching procedures. (See Fig. 1.)

The photoengraving process consists of applyving to
the metal a light sensitive coating which becomes less
water soluble when exposed to light. This coating, there-
fore, is referred to as a “resist.” On exposure to light of
the plate covered by a negative, the arcas protected by
the dark lines on the plate remain soluble and can be
washed off with water, leaving the light struck portions
of the coating intact. The resist is then soaked in a solu-
tion of ammonium dichromate, dried, and baked to fur-
ther insolubilize the resist.

The unprotected portions of the metal can then be
etched. It is necessary to completely etch through the
metal plate and preferable to etch through simultane-
ously from both sides; thercfore, exposure of both sides
of the metal plate is accomplished by using an envelope
negative. Duplicate negatives of the design required are
placed together so that the images match and three
edges are scaled together, while the fourth is left open
for insertion of the metal plate. (The term “negative,”

* Decimal classification: R331XR720. Original manuscript re-
ceived by the Institute, February 24, 1949; revised manuscript re-
ceived, June 10, 1949.

t Laboratory for Advanced Rescarch,
South Norwalk, Conn.

Reminglon Rand, Inc.,

as used in this paper, refers to what is called a positive
transparency in the usual photographic terminology.)
Considerable difficulty is encountered in etching the
metal by ferric chloride because material formed in the

Fig. 1——A sclection of parts made by the photogravure process: (1)
dynode support, (b) dynode, (¢) cathode support, (d) grd
mesh support, (e) electrode, (f) electrode, (g) spring support,
(h) splray stencil, (i) clectrode, (k) grid collar blank, (1) spray
stencil,

cut slows down the ctching process and the time re-
quired to completely etch through results in lifting of
the resist. Electrolytic etching was developed as a pro-
cedure, using solutions of acids and acid salts, and re-
sulted in reducing the etching time to less than a tenth
of that otherwise required.

DETAILED PROCEDURE
Preparation of Negatives

The lines in the art work should be approximatelv §
inch wide when the work is to be reduced photograph-
ically approximately 5 to 1. The work is reduced to
actual size by photography and sufficient positives made
so that an envelope can be formed registering the picces
carcfully under a miscrocope if necessary and cementing
three sides of the envelope. (Sce Fig. 2.)

When it is desired to etch out areas more than about
0.040 inch) across, it is usually preferable to prepare the
original drawing in such a way that only the boundary
of the arca has to be ctched, allowing the inside to drop
out rather than etching the entire arca. It is also desir-
able to avoid extremely fine lines on the envelope nega-
tive such as those under 0.002 inch.

|

(
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(a)

(D)

Fig. 2—(a) Original drawing (Scale 8:1) and, (b) envelope made from
this drawing for exposing photosensitive coating of the metal plate.

Preparation of Metal Plates

The metal plates should be free from scratches, pits,
or other deep surface imperfections. Some difficulty was
encountered in using metal in which bubbles were left in
the sheets after rolling.

The plates of metal suitably cut and flattened are
cleaned by boiling in a solution of 5 per cent sodium hy-
droxide containing about 0.3 per cent Tergitol Penetrant
08. They are then rinsed, boiled in distilled water, and
kept in distilled water until ready for use. This proce-
dure usually gives sufficiently clean plates, as evidenced
by a continuous water film. If a continuous water film
is not obtained by this method alone, electrolytic clean-
ing in an alkaline cleaner should precede the above
cleaning opcration.

Resist Coating

The resist is prepared in two steps. A stock albumen
solution is made up first, and this is combined with glue
and more ammonium dichromate as detailed below:

Stock Albumen Solution:

57 gms Egg Albumen
240  ml. Water
0.1 ml. Chloroform
4 drops Ammonium  Hydroxide

(Sp. Gr. 0.90)

This is allowed to stand overnight and filtered throurh
absorbent cotton. After addition of 30 ml. of ammonium
dichromate solution (22 gms. per 100 ml. of solution),
“ the stock solution is diluted to 280 ml. with water.

I4—
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Resist Solution:

54 gms. Photoengravers Glue
(Rogers)

22.4 ml Albumen Stock Solution

41 ml Ammonium Dichromate
Solution (22 gms. per
100 ml. solution)

100 ml Water

The ammonium dichromate solution is diluted with
the water before addition of the glue and albumen. The
entire solution is diluted to 300 ml. with water.

The solutions should be protected from light during
storage and may not work satisfactorily if more than a
week old. The protein material becomes less soluble in
water on aging, with the result that the unexposed parts
of the image are not completely free from resist after
development. Higher temperatures of storage increase
the rate of aging.

The resist solution is filtered through absorbent cot-
ton in a funnel into the container to be used for dipping
immediately before use. The end of the stem of the
funnel should touch the side of the container to elimi-
nate bubbles. The plates are dipped in the resist held
horizontal for five seconds, then immediately redipped
and held horizontal for 20 seconds. They are then hung
vertically by one corner to drain and partially dry. After
about one hour, they are again dipped in the same man-
ner as before. After draining, the drop of solution at the
lower corner should be wiped off. The plates are allowed
to dry until no longer tacky. The plates should be dipped
and dried where they will be exposed to a minimum of
light, particularly direct light.The coated plates can be
kept in the dark for 24 hours without harm, but if kept
for longer periods, particularly where warm, they may
be difficult to develop satisfactorily.

Exposure and Development

The dried plates are inserted in the envelope negative
previously described and exposed to light in a printing
frame. The simple type of printing frame can be used
for very flat, flexible plates, but a photoengraver’s vac-
uum printing trame is preferable. This frame consists of
a ribbed rubber blanket with a connection for attaching
a vacuum line, and a piece of }-inch thick plate glass, as
shown in Fig. 3. These frames are available from photo-
engraving supply houses. One No. 2 photoflood bulb in
a 10-inch aluminum reflector held about 5% inches above
the work produces sufficient light on a 30-second ex-
posure. The usual printing cabinets do not give nearly as
much light, with the result that excessively long ex-
posures are required. This has the disadvantage of over-
heating the ncgative and plate, as well as being time
consuming. After the exposure, the negative with the
plate is reversed, being careful not to move the plate in
the envelope, and the reverse side exposed similarly.
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The exposed plate is developed by sweeping it back
and forth in water at room temperature (20 to 30°C) for
one minute and rinsing in clean water. The developed
plate is then immersed for three minutes in a 3 percent
ammonium dichromate solution in water. After a rinse
in clean water, it is now ready for drying and baking.
This is accomplished by heating to about 300°C for 8
minutes to harden and further insolubilize the resist.
The image should be readily visible, but the resist should
be a very pale golden color. The plate can now be stored
for extended periods of time without deterioration. Be-
fore etching, the edges should be coated with a lacquer
such as a 5 per cent nitrocellulose solution to reinforce
the resist. The times and temperatures given above are
not critical.

Fig. 3—Work table and
ing bath with battery, furnace for baking resist, photoflood light,
and printing frame for exposing photosensitive coating.

uipment for photogravure, showing etch-

Etching

Ferric chloride solutions of 32 to 44 per cent consen-
trations are commonly used for commercial photoen-
graving, but are slow in action and not particularly sat-
isfactory in hand operations. Electrolytic ctching with
acid salts, such as ferric chloride and sodium acid sul-
fate, or with acids such as sulfuric acid, were found
much more rapid and gave much better results than sim-
ple immersion in ferric chloride. Sulfuric acid solution
containing 50 per cent acid by weight is particularly
satisfactory. This solution can be used several times and
has been discarded only when it became so dark from
dissolved salts that it was difficult to see the work.

The electrolytic cell consists of a suitable container in
which two flat iron or steel electrodes exceeding the
length and width of the plates to be etched by at least
4 are held vertically and parallel. The distance between
them may be from 2 to 4 inches for plates up to 3 inches
square. Make the work the anode. A current density of

PROCEEDINGS OF THE I.R.E.—Waves and Flectrons Section
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the order of 15 amperes per square inch of actual surface
to be etched has been found satisfactory. The arca to be
etched will, of course, be the surface area not protected
by the resist, and is independent of the total area of the
plate. A voltage of 3 to 4 volts measured between the
anode and cathode of the cell is sufficient for etching
small arcas totaling about 4 square inch. (See Fig. 4.)

The temperature of the etching solution is of impor-
tance primarily because of its effect on the resist coat-
ing. The coating is less rapidly affected by the acid solu-
tion at temperatures below 20°C than at 30°C. Plates of
Nichrome V with a thickness up to 0.006 inches are rap-
idly etched, requiring only 5 to 10 minutes at tempera-
tures up to 20°C. Nickel of the same thickness requires
about 50 per cent more time, and is best carried out at
lower temperatures, under 20°C. Temperature has little
or no cffect on the rate of etching.

Removal of Resist

The resist coating can be readily removed from the
etched work by boiling in the same caustic solution used
for cleaning the metal plates originally.

CONCLUSIONS

The photogravure method is suitable for making up
small lots of electrode parts for vacuum tubes. Rather
complicated shapes and designs can be cut out and,
later, formed by drawing and bending into a desired
shape. The possibility of saving time and money, par-
ticularly where frequent changes in design may become
necessary prior to the final tooling, makes this method a
valuable tool in vacuum-tube rescarch and production.

Fig. 4—Etched copper screen, 0.0003-inch thick, 1,000 holes
per linear inch.
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Short Antenna Characteristics— T heoretical®
LYNNE C. SMEBY{, SENIOR MEMBER, IRE

Summary—The experimental data obtained by Smith and John-
son on short antennas top-loaded by an umbrella were analyzed
nathematically. The theory developed therein is within practical
igreement with the measurements. It shows that, for single-tower
speration, the horizontally polarized radiation is negligible. In
addition, it is shown that with the optimum length of umbrella, the
vertical radiation characteristic is the same as it would be from the
tadiator without top loading. The paper provides a tool for further
mvestigation of other top-loading arrangements.

INTRODUCTION

URING THE WAR, the performance of short
antennas, on the order of 36° or A/10 high, was

experimentally in Cleveland the performance of a ver-
tical tower top-loaded by an umbrella of various lengths.
This paper was prepared in an endeavor to explain theo-
retically the measurements made at Cleveland and to
suggest a possible better arrangement.

DiscussION

The first arrangement tried by Smith and Johnson
was an “umbrella” loading such as shown in Fig. 1(a).
The angle A used was —40°2 In order to simplify
computation, it was assumed that the top-load consisted
of a perfectly conducting cone as shown in Fig. 1(b).

This will be called “cone” loading to distinguish the
theoretical from the measured.

In the Appendix is shown the derivation of the formu-
las used to compute the radiation from the cone. As may
be seen from the formulas in the Appendix, computation
is greatly simplified if the angle in Fig. 1(b) is chosen
as —45°. Therefore, this angle was used rather than the
—40°-angle used in Cleveland. In Fig. 1(b), the current
was assumed to be zero at the periphery of the cone.
Radiation from the vertical lead to the apex of the cone
was computed from the conventional formula for a
vertical antenna with a nonradiating top load.

It was assumed that the cone was opaque to the radi-
ation from the vertical. Mechanical integration and

§ comparison with a “standard” A/4 antenna was used to
obtain the resistances of the various arrangements.

The second arrangement tried in Cleveland had a
skirt at the end of the umbrella wires referred to as
“umbrella with skirt” as shown in Fig. 2(a). Again in
order to compute the performance of this arrangement,
a cone was substituted for the wires and a nonradiating

. * Decimal classification: R326.612X R120. Original manuscript re-
ceived by the Institute, January 10, 1949; revised manuscript
received, April 25, 1949,

t Consulting Radio Engineer, Washington, D. C.
1 C, E. Smith and E. M. Johnson, “Performance of short anten-
i—nas,” Proc. I.R.E., vol. 35, pp. 1026-1038; October, 1947.
? The negative sign is used because the angle is opposite in sign
to that used in the development shown in the Appendix.

scrutinized.! Smith and Johnson investigated

b L

(a)

(b)

Fig. 1—Top-loaded vertical antenna; (a) umbrella loading
and (b) cone loading.

load was placed at the periphery of the cone to simulate
the loading due to the skirt as shown in Fig. 2(b). The
theoretical arrangement will be called “loaded-cone” top
loading.

A third arrangement, called “folded umbrella” that
was not tried at Cleveland, suggested itself to the
author subsequently and is shown in Fig. 3(a). In this
arrangement, the umbrella wires are connected at the
outer periphery by a skirt but the alternate wires have
an insulator at the top of the antenna. The simulated
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Fig. 2—Top-loaded vertical antenna; (a) umbrella with skirt
loading and (b) cone with nonradiating load at periphery.

theoretical arrangement is shown in Fig. 3(b) and is
called “double-cone” top loading.

The computed base resistance for the three arrange-
ments is shown in Fig. 4 plotted for various radii of the
cone. Also plotted in Fig. 4 is the Smith-Johnson
experimental data for the condition where the Cleveland
tower was A/10 high. It is to be noted that the base
resistance at the zero radius is somewhat different for
the measured and the computed. Two factors contribute
mainly to this. The first is that the Cleveland tower had
a considerable cross section compared to the wave-
length and, therefore, the velocity of the propagation on
it was lower than the speed of light assumed in the com-
putations. This would lower the measured base resist-
ance. Secondly, the large base shunt capacitance of the
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Fig. 3—Top-loaded vertical folded-back umbrella; (a) folded-
umbrella loading and (b) double-cone top loading.

tower would tend to lower the measured resistance.
As can be seen from Fig. 4, as the radius of the cone (
was expanded out from zero, the measured resistance
increased more rapidly with increase of radius than did
the computed values. Again there are two principal
reasons for this.

In the Smith-Johnson experiments, the first incre-
ment of top loading added included the “hat” on the
WHK tower. It can be seen from Figs. 1, 2, and 3 that
there is radiation from the “umbrella” and the “um-
brella with skirt” that is out of phase with the radia-
tion from the vertical. Mechanically, the “hat” is
substantially horizontal and, therefore, contributes
practically nothing to the ficld at the same time pro-
ducing a large “capacitance” top load. This would then
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Fig. 4—Various top-loadings base radiation resistances.

make the measured resistance rise more rapidly than the
computed resistance. Secondly, the Cleveland umbrella
was at a flatter angle and, therefore, for any given length
of wires the vertical currents which are out of phase
with the current in the vertical thus producing an out
of phase ficld would be less than in the computed ar-
rangements. Therefore, as the radius of the top-load
was increased from zero, the measured resistance should
increase more rapidly than the computed.

It is to be noted that the “umbrella with skirt” came
up to the same maximum base resistance as the “um-
brella” but at a lesser radius. The computed arrange-
ments show the same thing. It may be that, in practice,
the skirt wires are undesirable mechanically in view of
the fact that the same effect can be obtained with an
«ymbrella” of slightly greater radius. The performance
of a “double cone” (in practice a “folded umbrella”)
top-load as shown in Fig. 4 indicates that this arrange-
ment may have ecnough merit to warrant using a skirt,
It is expected that a considerably higher base resist-
ance may be obtained at a somewhat smaller radius.

In the Appendix, it is shown that the radiation from
the cone is cntirely vertically polarized. Referring to
Fig. 2(a), if the system of wires is viewed from any
point in a plane perpendicular to the ground and the
plane containing any wire and its complement wire at
azimuth 180° or viewed from any point in a plane
drawn through the apex of the umbrella and bisecting
the angle between two of the wires, that the viewer is
looking at a symmetrical mechanical arrangement of
wires such that each horizontal component of current
on any wire has an equal but opposite component else-
where at the same distance from the viewer. Therefore,
in these six plancs, there is no horizontal radiation. If
all the possible planes are inserted there will be an
azimuth angle of 22.5° between planes. The angle of
greatest dissymmetry will be midway between planes;
i.e., 11.25° to any given plane. Viewed from any point
in a plane placed thusly, there is very little dissymme-
try and, therefore, the horizontal radiation is extremely
small compared to the vertical radiation. A similar
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reasoning applied to the “folded umbrella” shown n
Fig. 3 leads to the conclusion that the horizontally
polarized radiation is also small in this arrangement.
Therefore, in many applications, the top loadings dis-
cussed herein are satisfactory on the score of magnitude
of horizontal radiation.

The vertical form factors for the individual com-
ponents as well as the total system of a “double-cone”
top-loaded antenna of A\/10 height were computed for a
radius of 0.04 \ for the cone and are shown in Fig. 5.
For comparison purposes, the vertical form factors, for
a zero height, a \/4 height, and for the A/10 height top-
loaded, assuming the top loading were nonradiating
antennas, are shown in Fig. 5. The form factor for a
A/10 height without any top loading conforms almost
exactly with the radiation from the total antenna and
is, therefore, not plotted. This indicates that the im-
provement in radiated field, as observed by Smith and
Johnson, was due almost entirely to reduction in ground
losses and not to an improvement in the vertical form
factor.

Loop-radiation resistances wefe computed for the
various elements and for the total system of a “double-
cone” top-loaded antenna and are shown in Fig. 6.
This shows that if the optimum top loading could be
effected without it contributing to the radiation field,
a A\/10 antenna would have a loop-radiation resistance
of 14.9 Q as compared with 1.46 € for the same height
without any top loading. The base resistance in each
case would be higher. Unfortunately, in the arrange-
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Fig. 5—Double-cone-loaded vertical antenna, vertical radiation

pattern f(0); 1, =0.1x, A= —45° R=0.04A, and K, =1.04.
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Fig. 6—Vertical double-cone top-loading looP-radiation
resistances, H,=0.1\ and A = —45°,

ments under discussion as the radius is increased, the
radiation from the top-load which is 180° out of phase
with the radiation from the vertical, increased rapidly.
This is shown by the increase in radiation resistance of
cone “b” with increase in radius of the cone, the radia-
tion from which is out of phase with the radiation from
the vertical as shown in Fig. 6.

As a side light to the theme of this paper, Fig. 6 is
interesting in regard to the radiation from “hats” as
they have been used on broadcast station towers.
Cone “a” at a radius of 0.044 X\ or 15.84° has a loop
resistance of 0.1 Q. In the case of a “hat,” the mechani-
cal arrangement in the vertical plane is flatter than the
computed cone and, therefore, would have a still lower
loop-radiation resistance. On the other hand, in broad-
cast applications the “hat” is at a greater height, usually
on the order of 120° which would raise the resistance.
It is, therefore, reasonable to assume that the radiation
resistance of the “hat” as used in broadcasting, is only
a fraction of an ohm. Therefore, the intrinsic radiation
from the “hat” is negligible in view of the much higher
loop-radiation resistance of the tower. Due to symmetry
of the mechanical arrangement, as viewed from any dis-
tant point, there can be no horizontally polarized radi-
ation from a “hat” as used in broadcasting.

CONCLUSIONS

The observations made by Smith and Johnson have
been explained theoretically. Certain assumptions were
used in the analysis, however, it is believed that they
have been justified in the paper. A refinement of the
Smith-Johnson arrangements has been suggested which
promises to effect a worthwhile improvement.
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APPENDIX
RADIATION FROM A CONE ANTENNA

INTRODUCTION

The vertical plane component, for all zenith angles,
of the electric-ficld intensity is computed for a sinus-
oidally varying current flowing from the periphery to
the apex of a perfectly conducting cone antenna over
perfectly conducting carth.

The first step in determining the electrie-field in-
tensity from the cone antenna is to divide the area of
the cone into infinitesimal arcas. The current passing
through cach!inﬁnitcsimal arca 1s next determined and
then the electric-ficld intensity due to cach element of
current. Finally, the total electric-field intensity due
to the cone is determined by adding, vectorially, all the
individual components.

GENERAL RADIATION FORMULA
The increment of the clectric-fiekd intensity due to
current flowing in an infinitesimal antenna in vacuum
and sufficiently accurate in air is?

njk
8(E,) = 7

Iosin 7 e"'"‘"f(érl). (1)

rl

The mks system of practical units is used where

Eq = the electric-field intensity in volts per meter at
a distant point P
dr1=the infinitesimal length of the infinitesimal
antenna
f(én) = the scalar component of §7; whose normal com-
ponent to r’ contributes to the field at point P
Iy=the current in amperes flowing in the in-
finitesimal element §7,
r’ =the distance in meters from dr1 to the point P
k=2mw/\
A =the operating wavelength in meters
7=the angle between f(ér) and »’
€~ *" =the retarded vector
J=the operator /—1
7=120m.

Ramo and Whinnery derived (1) by taking the curl
of the vector potential due to g sinusoidally varying
current flowing in an infinitesimal element. A similar
development is used by others, such as Skilling.¢

INFINITESIMAL AREas ON CoNE

Referring to Fig. 7, the surface of the cone is divided
radially into rings of infinitesimal width o7y such as
shown at a distance 7, in meters from the apex of the
cone or at a radius 7 in meters.

?S. Ramo and J. R. Whinnery, “Field .

Kadio oy and o2 VLS 439 v i Moger
Coﬁvenieel;ce. as been changed to 7; r to r',and k to f(éry). This is for
¢ H. H. Skilling, “Fundam 1 2 ic W, " .
and Sons, Inc., Negw York, :Ii\l. %?.'.;al ?)402".l lectric Waves,” John 1y iley
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Each ring is, in turn, divided into infinitesimal seg-
ments. At any angle ¢; an increment of angle ¢, is
added such as shown in Fig. 7. The length of an arc on

Fig. 7—Cone antenna dimensions.

a circle equals the radius times the angle of arc in
radians. The arc length of the segment of the ring is
then r8¢ long. By selecting successively the proper
values of 7, and ¢ and adding the increments ér and é¢,
the area of the cone is divided into infinitesimal areas
of size (6n1)(rd¢p).

CURRENT DISTRIBUTION

The rigorous solution for the current distribution on
a cone can be obtained by the use of principles set forth
by Hallen® or Schelkunoff.*=?

The rigorous solution is involved and requires a great
deal of labor even for a single case. Thercfore, an ap-
proximation was sought which would be acceptable.
It is known that as the diameter of a cylindrical or the
diameter of the base of a conical antenna is increased,
the phase velocity of propagation decreases. King and

§ E, Hallen, “Theoretical investigations into the transmitting and
receiving qualities of antennas,” Mova Acta, Roy. Soc. Sci. (Uppsala),
vol. 11, pp. 1-44; March, 1938, . _

¢S, K Schelkunoff, “Theory of antennas of arbitrary size and

— shape,” Proc. I.R.E., vol. 29, pp. 493-521; September, 1941.

1S, A. Schelkunoff, “Electromagnetic Waves,” D. Van Nostrand
Co., Inc., New York, N. Y., 1943.
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Harrison® have made solutions for the current dis-
tribution on cylindrical antennas of practical diameters.
Schelkinoff® also has made semirigorous solutions for
the current distribution on cylindrical antennas of
practical diameters. On page 504 of footnote reference
6, Schelkunoff said, “In practice, precise knowledge of
current distribution is of lesser importance than knowl-
edge of the input impedance. This is because the di-
rective gain of antennas and their radiation patterns
are not very sensitive to the changes in the current dis-
tribution. Radiation patterns will be affected seriously
only in those directions in which radiation is small.”

Harrison and King? said, “The results of the present
analysis indicate that for purposes of computing the
shape of the pattern of the distant field, even for rela-
tively thick antennas, a simple sinusoidal distribution is
entirely adequate if it is understood that sharp zeros are
rounded off.”

Both of these comments are applicable to cylindrical
antennas of practical dimensions on the order of height
to radius ratios of 50 to 1 or greater. To how much
smaller ratios they can be trusted will be left to the
mathematicians.

Where cones are treated in this paper, practically a
limited number of wires may replace the solid cone sur-
face in many applications. Therefore, carrying the solu-
tion for the cone beyond the first approximation, as is
done in this paper, may not be justified.

At the apex of a cone, the diameter of the conductor is
zero and, therefore, the velocity of propagation is the
velocity in free space. As the diameter increases toward
the periphery, the velocity gradually decreases.

Schelkunoff’® has given the following approximate
formula for the current on a cylindrical antenna!!

’ﬁf_Gmeu—rr+%?°“ﬁ“‘”)

.G(L) : .
=i cos B(l — 1) (2)

where
!I=total length of the antenna
r =distance from the base to a point of interest
Io(r) =current at point 7
Iy =loop current
= 27r£\~
j=v/=1

I, r, and \ are measured in the same units.
F(L), G(L), and K as defined in Schelkunoff’s article.®

s C. W. Harrison, Jr., and R. King, “The distribution of current
along a symmetrical center-driven antenna,” Proc. I.R.E., vol. 31,
pp. 548-567; October, 1943.

* C. W. Harrison Jr., and R. King, “The radiation field of a
symmetrical center-driven antenna of finite cross section,” PRroC.
1.R.E., vol. 31, p. 697; December, 1943,

10 See p. 504 of footnote reference 6.

1 The symbols used in the text from the beginning of (2) to the
beginning of (6) are not necessarily the same as in the rest of the
paper because Schelkunoff's symbols have been used.
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If the differential of (2) in respect to 7 is taken and
set cqual to zero, the points of maximum and minimum
current may be determined by solving for r. Performing
this operation

2KF(L)

i S ®
FY(L) +GXL) - K

tan 28(l — r) =

Referring to Fig. 8, the distance from the periphery

Fig. 8—Determination of velocity factor for a cone.

to the first maximum (/—r,) would be A/4 if the
velocity were that in free space. The apparent velocity
is then proportional to

4(1 - f])

max (4)
A
Similarly the distance from the periphery to the first
minimum (! —r;) would be A/2 if the velocity were that
in free space. The apparent velocity is then proportional
to
2(1 — fz)
min = ————— * (5)
A
Using a length equal to N/2 and varying the radius
R of the cone the apparent velocity factor was com-
puted from (3), (4), and (5), and is shown in Fig. 9.

i i i !’ B S s 1 i R
° (X [X] 03 oa o8
R in Wovelengthe

Fig. 9—Apparent velocity factor of propagation on a cone.

Curve Vwmax is the apparent velocity factor using (4),
and curve Vnia is the apparent velocity factor using (5).

In all cases, the free-space distance from the maxi-
mum to the minimum, turns out to be A/4. This is due
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to the approximations uscd in‘(lcriving (3) and indicates
that the development is not rigorous,

This current distribution development ’
fraught with assumptions to the extent .lhat iax
showed a supposcedly unrcasonable inclination to ap-

has been

proach zero at a radius of 0.5\ o
It is Delieved that the shape of the curves in Iig. 9

should have a uniform trend rather than three trends,
The inverse of V..., is plotted in Fig. 10, Also plotted
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Fig. 10—Velocity factors.

is a straight line labeled &, that approximates the in-
verse of V,.;, at small values.

Arbitrarily “velocity factors” in accordance with &,
of Fig. 10 will be used. The formula is'!

ki = velocity factor = 1.0 4 R/A (6)

where

R =the radius of the cone

A=the frcc-spac_c operating wavelength.

The way £y is used in the subsequent development, it
is assumed that the velocity of propagation is the same
over all of the cone.

No mention has been made of the fact that the cur-
rent has a complex character nor have the mutual
effcets been commented on except as they bear on the
comments quoted carlier from Schelkunoff, and King
and Iarrison.

In this development, the current distribution will be

assumed to be a sinusoidal distribution modified by the
velocity factor k.

CURRENT PASSING THROUGH AN INFINITESIMAL
ARC rd¢
Let
I.=the total current in amperes flowing through
any given ring such as shown in Fig. 7.
Iy=the current in amperes flowing through the in-

finitesimal arc segment rdeg.
Then

(7)
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Referring to Fig. 11, it is assumed that the current
I, has a sinusoidal distribution. In setting up the for-

Fig. 11—Physical cone-antenna current distribution.

mula for the current distribution, the cone dimensions
such as R, and r, will be multiplied by the velocity factor
k, as given by (6). The electrical length of the cone will
be greater than the physical length by the factor k.

It is also assumed that there is a nonradiating top-
load L in meters at the apex of the cone as shown in
Fig. 11.

Referring to Fig. 11, at any distance r, from the apex
of the cone the current I, is

21!' k]f
I, =TI sin ——<L -+ ) (8)
A cos A

where I is the loop current in ampcres.
Substituting (8) in (7)
kir \ ¢
: ) @ (9)

cos A/ 2w

27
Iﬁ = [ Sin 7<I‘+

DETERMINATION OF f(071)

Referring to Fig. 12 a set of co-ordinates X, Y’, and
Z' have been selected such that the X'Y’ plane is paral-
lel to the ground plane and the X’'Z’ plane is perpendicu-
lar to the ground plane.

Because the cone is symmetrical, the electric-field
intensity from the cone is the same in all directions at
any given distance 7’ and at any given zenith angle 6.
[t is, therefore, only necessary to derive the electric-
field intensity in one direction. The direction will be
chosen such that a line drawn from any current clement
of interest to the distant point P will lie in the X'z
plane or a colincar plane. P is a point at sufficient dis-
tance from the cone so that only the radiation field is
important and so that lines drawn from all points on
the cone to P may be considered parallel.

dr, is a current clement lying in the cone at distance r;
from the apex. Let 87; be expressed as a vector in terms
of three vectors in the X', the V', and the Z' directions
as shown in Fig. 12.
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Then

571 = i'A X +j'Ayl + k'Az: (10)

where
i’ =a unit vector in the X’ direction,

j'=a unit vector in the Y’ direction,

k’=a unit vector in the Z’ direction.

An examination of Fig. 12 reveals that each Ay
component has an equal and opposite component else-
where on the cone at the same distance from P. The re-
tarded vector potentials for the_two components are,
therefore, equal and opposite at P and, hence, this
component of the electric field is zero. The Ay, com-
ponents are, therefore, of no interest. This is not true
of the Ax- and the 4 z- components. The components of
dr, of interest, therefore, lie in the X’Z’ plane and the
colinear planes.

Let érx-z- represent the X’Z’ component of d7;. Then
from (10)

Sryz = i'Ax + KAz (11)
From Fig. 12, it is seen that
'Ax = O/ Py = i'é6r1 cos A cos ¢ (12)

N
\\
N Lt

AN
N

i

PHYSICAL CONE

GROUND PLANE
YT

IMAGE CONE

Fig. 12— Distribution of current components in a cone antenna.
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and Multiplying (18) by & and substituting
KAz =0/Q = Korysin A = k'or, cos A tan A, (13)

kry = 2—1r [ro — (11 — R tan A) cos 0
Substituting (12) and (13) in (11) A

rtan Acos 0 — rcos¢sing| (19)

i I drxiz l = 4r, cos A\/cos? ¢ + tan?A. (14)
. where
Since (14) expresses the X’Z’ scalar com ponent of the 9=
current clement length 6, and since only the X'Z' k= ')\‘ :
components are of interest, then (14) equals f(87,) in (1).
Therefore Let
- — - 27I’fo
(8r)) = drv/cos? ¢ + tan? A. (15) a = 5
SIN 7 FOR “PHYSICAL-CONE” ELEMENT D = 2,’,' (1 — R tan A) cos §
A

The total electric-field intensity at P is due to the
contribution made by the “physical cone” and its image
referred to as “image cone.” The discussion so far ap-
plies equally to both the “physical cone” and the “image 5
cone.” f o =2 (r cos ¢ sin 6).

The radiation due to the “physical cone” will now be A
determined. In (1), the only two parameters undefined
so far are sin 7 and e*'.

Referring to Fig. 12, the component of f(ér,) normal
to r’ is the only component contributing to the field at P.
The term sin 7, therefore, appears in (1). 7 is the angle
between f(ér,) and r’.

Refcrring to Fig. 12, for the “physical cone,” ” keeping
in mind that the current I, flows from the perlphcrv
to the apex

2r
= N (r tan A cos 8)

1=20-4+ 90+ 8.
Then

sin (0 + 90° + B)
= cos § cos B — sin 8§ sin 8. (16)

sin 7,

After some manipulation

cosOcosd; - sm ] tan A
sin Ty = —

17
\/cos’¢+ tan® & S50 o

“PHYsSICAL-CONE” ELEMENT RETARDED VECTOR

e—ikr’
The retarded vector e=** will now be determined for o s Lo
the “physical-cone” element. This vector indicates the oL iatoacius s, A N rrrrTITITE T rTT—
. . . \ { |
effect on the ficld at the distant point P due to the time ' |
: : WA
difference between the flow of current in &r, and the & |
effect at P. The phase of all the infinitesimal antennas S | R
will be referred to a common point O as shown in Fig. P l AN r P
13. The distance from O to P is designated as ro. j“xf\\f(\
From Fig. 13 for the “physical cone” B AV NN
n=ro—-wW,—-¥, - X, (18) Fig. ls_Determ'"at'O" of retarded vector from a cone antenna.
where Then (19) becomes
Wi= (H — H;) cos§ = (H — R tan A) cos kri! = a—bp—¢— 4 (20)
V= Hycos 8 = r tan A cos § Hence, the retarded vector is
X1 = (0"P")sin 8 = r cos ¢ sin 8. eikn —

= gi(—a+btetd) = e—iaei(b+c+d). (21)
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INCREMENT OF THE ELECTRIC-FIELD INTENSITY
FOR THE “PHYSICAL-CONE” ELEMENT

All of the parameters have now been defined for the
“physical-cone” element.

Let

E,' =the electric-field intensity due to the “physical
cone” '

E,""=the electric-ficld intensity due to the “image
cone”

Ey=E,+E," =the total electric-ficld intensity due
to the cone antenna.
Substituting from (9) for Io; (17) for sin 7; (21) for
e *" and (15) for f(ér,) in (1), the result is

2w
n) —
A 2w Ry \ 6
§(Ey) = [1 sin —<L + >i’]
47r, A cos A/ 2x
[cos 0 cos ¢ — sin @ tan A:l
Vcos? ¢ + tan? A
- [eiaei®t 4D [ [sr\/cos? ¢ + tan? al. (22)
let
2wl
e = ——
A
;-721rk,r
f=
Acos A
Then (22) becomes
30jeil
8(Ed) = ——— {sin (¢ + /)
r
-e/tetd)(cos § cos ¢ — sin O tan A) jérép.  (23)

“IMAGE-CoONE” GENERAL DiIscussioN

The vertical plane electric-field intensity distribution
due to the “image cone¢” will now be determined.

It should be remembered that the ground was assumed
to be a flat perfect conductor. The current term I, and
the X’Z’ component f(éry) are both the same for the
“physical-cone” element and the “image-cone” element.
I, as given in (9) and f(ér,) as given in (15) may, there-
fore, be used for these two terms in determining Eo''.
The development for the “physical cone” may be used
up through (15) for the “image cone.”

SIN 7 FOR “IMAGE-CONE” ELEMENT
By a process similar to that used in deriving (17)

cos 0 cos ¢ + sin 0 tan A
v/cos? ¢ + tan® A

(24)

sin Ty = —

“IMAGE-CONE” ELEMENT RETARDED VECTOR
¢ Tkr!

By a process similar to that used in deriving (21)
(25)

—ikn’ = ed(—a—b-ctd) = (—iagi(—boctd)
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INCREMENT OF THE ELECTRIC-FIELD INTENSITY
FOR THE “IMAGE-CONE” ELEMENT

Substituting from (9) for I,; (24) for sin 7; (25) for

e~*" and (15) for f(ér,) in (1) and after some manipu-
lation

8 00 30je_ia[ .
8(Eo") = e S5 (e+ 1)
2

-l b=+ (— cos § cos.p — sin 0 tan A)} ér6¢.(26)

INCREMENT OF THE ELECTRIC-FIELD INTENSITY
FOR THE CONE ELEMENT

The increment of the total electric-field intensity for
the cone-antenna element is the sum of (23) and (26).

The distance r," in the denominator of (23) and 7,
in the denominator of (26) may be sct equal to ro with
negligible error.

The term €% in (23) and (26) is a constant phase
function and may be set equal to unity.

Therefore
30je s 3051
ry, rA - roA
et
3051
E = . (27)
fo)\

Then combining (23) and (26), substituting (27) for
its equivalent and rearranging

8(Eo) = E sin (e +f){cos 0 cos geid[eit+e) — ¢mitbta]
— sin 6 tan Ac#[ei 0+ i+ ]} 5r5p.  (28)

Equation (28) is the increment of the electric-field

_intensity for the cone-antenna element.

THE INTERNAL EQUATION

Indicating the integration of (28) and setting the
limits of integration

R 2r
E, = Ef f sin (¢ + f) { COS 0 COS e (27N (r sin ¢ cos ¢)
0 (]

[eie+a — e—j(b+c)]

— sin g tan Aef(27/M) (rsin g cos 8) [¢ib+e) - —itbte) |} dgdr. (29)

INTEGRATION IN RESPECT TO ¢

The solution of the first term containing ¢ is'?
2 2nr
f COs e 2r/M)(reing s 8y = 727 ], (T sin 0). (30)
0

The solution of the second term containing ¢ is'®

12 N, W. McLachlan. *“Bessel Functions for Engincers,' Oxford
University Press, London, England, 1934; example (10a), p. 51.
12 See example (19) p. 43 of footnote reference 12.
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+ sin B sin 142 J1(z) — cos A cos m3z J1(2)

2r 27y
F(20/N)(r ain ¢ con ¢) — —_— G &
fo € de 2"J°< N sin 0)' () + cos B cos nz Ji(2) ]

9 g g 2 i 3 z
Substituting (30) and (31) in (29) + tan Alsin A cos 112 Jo(2)
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Diffraction of High-Frequency Radio Waves
Around the Earth®

M. D. ROCCO? axp J. B. SMYTH{

Summary—This paper reports nonoptical height-gain measure-
ments on a remarkably uniform desert link at frequencies of 25,
63, 170, 520, 1,000, 3,300, and 9,375 Mc using horizontal polarization.
It has been shown!'? that when the index of refraction of the at-
mosphere is a linear function of elevation, the problem of refraction
and diffraction may be represented approximately by a problem in
diffraction alone. Data taken under linear and slightly nonlinear
index of refraction gradients are compared with fields predicted by
standard diffraction theory. A mechanism other than diffraction is
required to explain the higher-frequency fields observed under stand-
ard? meteorological conditions.

I. INTRODUCTION

TYHERE ARE FEW PROBLEMS which have re-
Vlv[ ceived the theoretical attention that has been
given the investigation of the propagation of radio
waves around the earth;*7 and yet, quantitative data
sufficiently accurate to compare with theory are very
meager at the higher frequencies. It is not expected that
the ionosphere will affect the higher-frequency fields
near the earth, only diffraction around the earth to-
gether with reflection, refraction, absorption, and scat-
tering in the lower troposphere must be considered in
explaining nonoptical ficlds. This paper compares ex-
perimental data with diffraction theory, particular in-
terest being centered on investigating the validity of
replacing the problem in diffraction and refraction by
one in diffraction alone for: (a) standard meteorological
conditions, and (b) nonstandard meteorological con-
ditions. The data presented are for horizontal polari-
zation. However, numerous checks showed identical
results for vertical polarization.

* Decimal classification: R112.14. Original manuscript re
ceived by the Institute, December 13, 1948; revised manuscript
received, April 18, 1949.
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Fig. 1—Contour and profile of desert link. The vertical

scale is indicated by 200-foot tower markers.

[I. EXPERIMENTAL SITE

The data presented in this paper were obtained at the
Navy Electronics Laboratory’s experimental station
located in the Gila Valley in southern Arizona. Fig. 1 is
a contour map of the region and shows the location of

Fig. 2—Photograph of a typical desert terrain.
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Fig. 3—A time sequence of the vertical distribution of the index of refraction for February 5 and 6, 1946. B=n+tah,
where a=1.18 X103 /foot.

the three 200-foot towers on which clevator cabs were
installed for hoisting radio antennas and associated
equipment. The insert in Fig. 1 is a profile of the radio
link, the vertical scale is indicated by the 200-foot tower
markers. Transmitters were located at Gila Bend air-
field and reccivers at Datelan, 47 miles west along the
valley. Fig. 2 is a photographic view of the path taken
from atop the Gila Bend tower.

The receiver cab made continuous excursions mea-
suring the vertical field distribution associated with suc-
cessive transmitter cab elevations of 1, 25, 50, 100, and
190 feet. About 15 minutes was required to take a com-
plete set of data which included a height-gain run for
each of the 5 transmitter cab locations. Measurements
were made over a number of 24-hour periods. The me-
teorology of the lower atmosphere in the region is char-
acterized by a large diurnal variation in the temperature
of the air near the ground. Fig. 3 gives a time sequence
of index of refraction?® versus elevation covering a typ-
ical 24-hour period. Each curve is the average of data
taken at 6 stations approximately equally spaced along
the propagation path. In the daytime, the index of re-
fraction increases with elevation through the lower 6

*L. J. Anderson, “Captive balloon equipment for low-level
meteorological soundings,” Bull, Amer. Met. Soc., vol. 28, pp. 356~
362; October, 1947.

feet of the atmosphere, producing a substandard condi-
tion in this region.

IT1. STANDARD PROPAGATIONS

The measured ficlds are plotted in decibels versus the
receiver height multiplied by the wavelength raised to
the minus two-thirds power. This is a convenient repre-
sentation which allows the data to be shown on one graph
for direct comparison with diffraction theory. Fig. 4 is a
typical height-gain run for the transmitter at 190 feet.
The 4 plots show the same data compared with theory
where different values of # have been used. This does
not affect the shape of the height-gain; the only change
is the reference level for the various frequencies. If a
sphere is drawn through the base of the towers at Gila
Bend and Datelan, and the highest point at Sentinel,
the value of % appropriate to this geometry and the
standard atmosphere would be 1.10. It will be noted
that the majority of the data agree best with theory
where a value of £=1.33 is chosen,® possibly showing

* Free-space fields (i.e., attenuation as inverse distance) for the
(tiraqgn;ltter at 190 feet are obtained by subtracting the following
ecibels:

520

frequency 170
db 64.7

1,000
57.4

1.7
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that the carth’s curvature; i.e., the local topography,
near the transmitter and receiver is more important
than the small hill at Sentinel, which is the only portion
of the path that deviates much from a sphere with the
earth’s radius (Fig. 1).

Fig. 5 shows the local effect in another way. Height-
gain data obtained by placing the receiver at 190 feet
and lowering the transmitter cab are compared with
data taken in the usual manncr. At the higher frequen-
cies, there is a marked difference between the data taken
by the two methods.

Height-gain data for the various transmitter heights
are shown in Fig. 6. As the antenna clevations are de-
creased, the agreement with theory becomes poorer the
higher the frequency. When both the receiving and
transmitting antennas approach the ground, the higher
frequency fields fluctuate and the gain in field with
height disappears. Both of these facts are at variance
with predictions based or standard diffraction theory
and will be discussed more fully in the last section.

IV. NONSTANDARD PROPAGATION

In reality, the so-called standard index gradient is
the anomaly. The meteorological situation which is
standard for one frequency may markedly affect nonop-
tical fields!®!! on other frequencies. A comparison of the
lowest with the highest frequency signals in Fig. 6
clearly shows this effect. The 25- and 63-Mc data pre-
sented in Fig. 7 show no consistent time variation which
can be attributed to the low-level modification of the
air.”?

Fig. 8 shows how the nonoptical fields on the higher
frequencies are affected by various degrees of modifica-
tion of the refractive index gradient near the earth’s
surface (Fig. 3). The data presented here might be inter-
preted as confirmation for the waveguide type of propa-
gation.!! Such an interpretation of the data is being
investigated; the present paper is limited to a descrip-
tion of the data by considering the problem as one in
diffraction alone. If a value of £=1.81 is chosen, the
data taken at 1808 and 2313 with the transmitter at 190
feet are moderately well predicted by diffraction alone,
as demonstrated in Figs. 9 and 10.% This value of %

19 Martin Katzin, R. . Bauchman, and William Binnian,
“3- and 9-centimeter propagation in low ocean ducts,” Proc. [.R.E.,
vol. 35; pp. 891-905; September, 1947.

WH. T. Friis, “Radar reflections from the lower atmosphere,”
Proc. [.R.E., vol. 35, pp. 494-495; May, 1947,

2 Free-space fields for a transmitter elevation of 190 feet are
obtained by subtracting 52.4 db and 54.6 db, respectively, from the
25- and 63-Mc levels.

12 H. G. Booker and W. Walkinshaw, “The mode theorv of tro-
pospheric refraction and its relation to wave-guide< and diffraction,”
Meteorological Factors in Radio-\Vave Pronagation, The Physical
Society of l.ondon, pp. 80 127: April, 8, 1946.

1 C. L. Pekeris, “Perturbation theory of the normal modes for
an exponential M-curve in non-standard propagation of micro-
waves,” Jour. Appl. Phys., vol. 17, pp. 678-684; August, 1946,

% Free-space fields for a transmitter elevation at 190 feet are
obtained by subtracting the following decibels:

170 520 1,000
53.4 58.7 62.7

3,300
78.2

9,375

frequency
db 94.2
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nakes the 1,000-Mc height-gain data taken at 2313,
vith the transmitter cab at 190 feet, approach closely
he theoretical curve. The comparison of experience
vith theory under these conditions is certainly no less
avorable than the similar comparison under meteoro-
ogical conditions approaching standard.

Fig. 11 is an actual height-gain record taken under a
neteorological condition approaching standard. Fig. 12
s a similar record obtained during nonstandard condi-
ions.
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Fig. 10—Diffracted fields under nonstandard meteorological
conditions (k=1.81).

V. SIGNAL I'LUCTUATIONS

Nonoptical fields recorded during the daytime
(meteorological conditions approaching standard) yield
moderately steady signals for the lower frequencies at
all heights and for the higher frequencies when the an-
tennas are high. Figs. 13 and 14 are photographs of the
recording tape showing the signal fluctuations at vari-
ous receiver elevations under standard and nonstandard
conditions. During the daytime, the maximum signals
observed at the frequencies of 9,375 and 3,300 Mc for
low antenna heights are well above the fields associated
with diffraction under standard conditions. With the

~transmitter at 1 foot, the 9,375-Mc field is stronger,

Rocco and Smyth: Diffraction of HF Radio Waves Around the Earth
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relative to the free-space level, than the 3,300-Mc
field: the index of refraction gradient during this time
is substandard near the earth.

Scattering in the lower atmosphere would appear to be
a plausible process that might produce variable nonopti-
cal fields on the higher frequencies which are stronger
than can be accounted for by diffraction. In order to
make a detailed investigation of the signal fluctuations,
the 3,300-Mc pulses displayed on an oscilloscope were
recorded photographically. Fig. 15 is a frequency dis-
tribution of received pulses compared with a Rayleigh
distribution.®® The chi-squared test!” for goodness of
fit was near the 20 per cent level, possibly indicating
that the observed nonoptical signal might be produced
by incoherent scattering in the lower atmosphere.

The authors are indebted to W. C. Hoffman and
R. F. Arenz for the analysis leading to Fig. 15.
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Fig. 15—Frequency distribution of 3,300-Mc pulse signal levels.

V1. CONCLUSIONS

The lower frequency fields received on the nonoptical
link under the meteorological conditions encountered,
are amply described by diffraction alone.

The fields observed at the higher frequencies for low
terminal heights were considerably stronger than
standard diffraction theory would predict, even under
meterological conditions which were definitely sub-
standard near the ground. These strong fields were
characterized by rapid time variations and no apparent
variation with height. The frequency distribution of the
signal fluctuations agrees with a Rayleigh distribution.

16 Lord Ravleigh, “Theory of Sound,” Dover Publishers; New
York, N. Y., 1943; vol. 1, scc. 42(a)
17 P, G. Hoel, “Introduction to Mathematical Statistics,” John

Wiley and Sons, New York, N. Y., 1947; pp. 134, 186.
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that the earth’s curvature; i.c., the local topography, g 9 2 %9 oc
near the transmitter and receiver is more important PO R TS —
than the small hill at Sentinel, which is the only portion \:._,.T,.'..f,.‘_ i
of the path that deviates much from a sphere with the /“““‘
earth’s radius (Fig. 1). AT

Fig. 5 shows the local effect in another way. Height- 7 Pveon
gain data obtained by placing the recciver at 190 feet L SR —
and lowering the transmitter cab are compared with N e e v T ’ T '
data taken in the usual manner. At the higher frequen- MR EEL R R
cies, there is a marked difference between the data taken |, c e

by the two methods.

Height-gain data for the various transmitter heights
are shown in Fig. 6. As the antenna elevations are de-
creased, the agreement with theory becomes poorer the

DECIBELS

N

N v — 1 v . . o L »
higher the frequency. When both the receiving and . . T
e - 0 = N v s o 8 ts 7
transmitting antennas approach the ground, the higher 2 i 2:'5;22% ,,z;;
. . . 0 M
frequency fields fluctuate and the gain in field with Q: 3300 MCS
height disappears. Both of these facts are at variance
with predictions based on standard diffraction theory NI !
and will be discussed more fully in the last section.
9 v M = U v v ] -t A
. ¥
IV. NONSTANDARD PROPAGATION CEere s
In reality, the so-called standard index gradient is 9

the anomaly. The metcorological situation which is rw?///m. -

s'tandard for one frequency may.markedly aﬁ‘(.:ct nonop- R S e i Tttt

tical fields!'®-!* on other frequencies. A comparison of the HX {4 AND X INMETERS)

lowest with the highest frequency signals in I*:ig. 6 Fig. 8—The effect of low-level modification of the air on

clearly shows this effect. The 25- and 63-Mc data pre- nonoptical fields. Transmitter cab height =190 feet.

sented in Fig. 7 show no consistent time yariation which

can be attributed to the low-level modification of the |

air.12 t 24 $ b
1

. e L

Fig. 8 shows how the nonoptical fields on the higher - ,,4,_7',_;;;._-_3'_-;#‘1'. T e
frequencies are affected by various degrees of modifica- Iff'm

tion of the refractive index gradient near the carth’s
surface (Fig. 3). The data presented here might be inter- i
preted as confirmation for the waveguide type of propa- sof — v vy S S [ O S v
gation.'® Such an interpretation of the data is being ' 1._,";’_;__- T .
investigated; the present paper is limited to a descrip- {(-‘" ’ Ijm““ %0 1
tion of the data by considering the problem as one in R
diffraction alone. If a value of #=1.81 is chosen, the
data taken at 1808 and 2313 with the transmitter at 190
feet are moderately well predicted by diffraction alone,
as demonstrated in [igs. 9 and 10." This value of & 1 6o ' 1

1C Wt 190
TE_ 808

—

—L D N S

v A I RN I S o s o

DECIBELS

% »

N
e
Q.
i
e
| 3?
i

GAIN
!
f
|
+
L
r

170 wCS
320 wMCS
1000 MCS
3300 MCS
9373 MCS

10 Martin Katzin, R. W. Bauchman, and William Binnian,
“3- and 9-centimeter propagation in low ocean ducts,” Proc. 1.R.E.,
vol. 35; pp. 891-905; September, 1947, .

W H. T. Friis, “Radar reflections from the lower atmosphere,” —= f < ! . | S
Proc. I.R.E., vol. 35, pp. 494-495; May, 1947. esqererees et L

2 Free-space fields for a transmitter clevation of 190 feet are T T
obtained by subtracting 52.4 db and 54.6 db, respectively, from the ¥ o
25- and 63-Mc levels. S e

12 H. G. Booker and W. Walkinshaw, “The mode theory of tro-
pospheric refraction and its relation to wave-guide< and diffraction,” | v 4 *°]" +F = S e
Meteorological Factors in Radio-\Wave Pronagation, The Physical ‘ ' [

A R A e S R I

v S
. . . e T

Society of l.ondon, pp. 80 127; April, 8, 1946. |
1 C. L. Pekeris, “Perturbation theory of the normal modes for B
an exponential M-curve in non-standard propagation of micro- — -
waves,” Jour. Appl. Phys., vol. 17, pp. 678-684; August, 1946. L ! | s |
¥ Free-space fields for a transmitter elevation at 190 feet are TR0 Mo e Eo a0 20 N0 Mo w0 40 ag0 WO 0 o
obtained by subtracting the following decibels: GRY (H AND X IN METERS)

frequency 170 520 1,000 3,300 9,375 Fig. 9—Diffracted fields under nonst d H
db $3.4  58.7 62.7  78.2  94.2 conditions (ko1 a1) ard meteorological
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makes the 1,000-Mc height-gain data taken at 2313,
with the transmitter cab at 190 feet, approach closely
the theoretical curve. The comparison of experience
with theory under these conditions is certainly no less
favorable than the similar comparison under meteoro-
logical conditions approaching standard.

Fig. 11 is an actuali height-gain record taken under a
meteorological condition approaching standard. Fig. 12
is a similar record obtained during nonstandard condi-
tions.

)
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w
@ (20 —r—— ———— —-l-—‘
o |
w v .
i JEPCRE LT} | i |
e w' v ° N
| X 470 MCS
z, ’ o 2 &3 ehn T a- %20 wes |
- 0 N hd © + 1000 MCS
TC W' 80 O 3300 weS
Tivg 2320 l T. 9375 MCS
E [ I S —l i —
a
o
12 = r —
| 1 1
o v v ¢ v v v vl ® y v v v e ?(% 4@
s B '.'v"'";‘v"“l'v L 1¢ == = ;
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«0 } I 4 — i
V/':- 1C T 2%
! ! |RIIVERE23 2 SN | — I | 1 ! I} | |

rER 4 1948

TC NT f
TINE 2329

HA (H AND A N ME TERS)

Fig. 10—Diffracted fields under nonstandard meteorological
conditions (k=1.81).

V. SIGNAL [FLUCTUATIONS

Nonoptical ficlds recorded during the daytime
(metcorological conditions approaching standard) yield
moderately steady signals for the lower frequencies at
all heights and for the higher frequencies when the an-
tennas are high. Figs. 13 and 14 are photographs of the
recording tape showing the signal fluctuations at vari-
ous receiver elevations under standard and nonstandard
conditions. During the daytime, the maximum signals
observed at the frequencies of 9,375 and 3,300 Mec for
low antenna heights are well above the fields associated
with diffraction under standard conditions. With the
~ transmitter at 1 foot, the 9,375-Mc field is stronger,

relative to the free-space level, than the 3,300-Mc
field: the index of refraction gradient during this time
is substandard near the earth.

Scattering in the lower atmosphere would appear to be
a plausible process that might produce variable nonopti-
cal fields on the higher frequencies which are stronger
than can be accounted for by diffraction. In order to
make a detailed investigation of the signal fluctuations,
the 3,300-Mc pulses displayed on an oscilloscope were
recorded photographically. Fig. 15 is a frequency dis-
tribution of received pulses compared with a Rayleigh
distribution.’ The chi-squared test'” for goodness of
fit was near the 20 per cent level, possibly indicating
that the observed nonoptical signal might be produced
by incoherent scattering in the lower atmosphere.

The authors are indebted to W. C. Hoffman and
R. F. Arenz for the analysis leading to Fig. 18.

SOLID CURVE  THEORETICAL RAYLEIGH OISTRIBUTION

i« 24x expi-axh); A "%n_

@

3

«

PERCENT OF PULSES AT INDICATED MICROVOLT LEVEL
»

P Eaaasssasd bas:

: Lt 22322220 Hirht s1ssllt

100 150 200 230 300 380 400 450 800
PULSE SIGNAL LEVEL M MICROVOLTS

Fig. 15—Frequency distribution of 3,300-Mc pulse signal levels.

V1. CONCLUSIONS

The lower frequency fields received on the nonoptical
link under the meteorological conditions encountered,
are amply described by diffraction alone.

The fields observed at the higher frequencies for low
terminal heights were considerably stronger than
standard diffraction theory would predict, even under
meterological conditions which were definitely sub-
standard near the ground. These strong fields were
characterized by rapid time variations and no apparent
variation with height. The frequency distribution of the
signal fluctuations agrees with a Rayleigh distribution.

1 { ord Ravleigh, “Theory of Sound,” Dover Publishers; New
York, N. Y., 1943; vol. 1, sec. 42(a)

'p, G. Hoel, “Introduction to Mathematical Statistics,” John
Wiley and Sons, New York, N. Y., 1947; pp. 134, 186.
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Calculator and Chart for Feedback Problems’

JEAN H. FELKERT, ASSOCIATE, IRE

Summary—This paper describes a chart and a mechanization of
the chart in the form of a calculator that will simplify the calculation
of the effects of feedback. When the magnitude and phase of the
feedback are put into the calculator, figures are obtained at each
frequency point for the magnitude and phase shift of the transfer
characteristic with the feedback loop closed.

I. THE Mu-BETA EFFECT
T[HIE CHART and calculator are based on the

“mu-beta” effect, which is defined by use of the
fundamental feedback equation:

u

G=—r (1)
1 — uf

where

u = the voltage amplification of the amplifier with the
feedback loop open

B =the fraction of the output voltage of the amplifier
that is fed back to the input

G =voltage amplification of the amplifier with the
feedback loop closed.

Equation (1) can be rewritten in the form .

v :i (1_—#;) ' v

from which it is seen that, when ug is large, the response
is given approximately by

1
s

and is independent of the u or gain circuit. Since ampli-
fving devices always have a finite bandwidth, there will
be frequencies at which uB is not large, and at these
frequencies account must be taken of the second factor
of (2), which can be anything from 0 to =x.

The departure of the amplifier response from —1/3
has been described as the “mu-beta” effect, because it
results from the noninfiniteness of ug.! Accordingly, the
uf effect is defined as a complex number

ud |l
1 — | ug| @

G= -

-,

Yo =

v =modulus or magnitude of mu-beta effcet
¢ =argument or phase of mu-beta effect
yﬁl = modulus or magnitude of ug

* Decimal classification: RO78 X R363.23. Original manuscript re-
ceived by the Institure, October 21, 1948; revised manuscript re-
ceived, January 235, 1949,

t Bell Telephone Laboratories, Inc., New York, N. Y.

P H. W. Bode, “Network Analysis and Feedback Amplifier De-
sign,” D. Van Nostrand Co., Inc., New York, N. Y., p. 33; 1945.

6 = argument or phase of ug (which is equal to the
phase shift around the ug-loop).
Substitution of (3) in (2) gives

G =

1
G180+ — ¢ (4)

from which it is scen that the magnitude of G in deci-
bels?is v in decibels minus the magnitude of 8in decibels,
while the phase of G is 180° plus ¢ minus ¥ (the phase of
3).

A plane can be visualized in which the vector from the
origin to any point represents the ug effect at that
point. For a given pB effect there can correspond only
one value of ug. One might label each point with the
corresponding values of Ipﬁl and 68, or one might plot
contours of constant |pB| and 0 on such a plane. Such
a representation would be useful when vy <1, since this
region is confined within a unit circle. The lower half of
such a’ plane is shown in the lower half of Fig. 1.

For values of ¥ between 1 and =, an inverse plane
might be imagined in which the distance from the
origin represents the inverse of the ug effect. The mirror
image of such a plane is shown in the top half of Fig. 1.

Il. Usk oF THE. CALCULATOR

The chart of Fig. 1 can be made into a calculator® by
cutting out the scale at the bottom of the figure and at-
taching it at the center of the chart as a rotatable arm.
To find the pg3 ctfect corresponding to a particular pair
of values for |u3d, and 8, first locate the intersection of
the appropriate | uB| and 6 contours, and then rotate
the calculator arm until the edge of the scale on it
crosses the intersection. Read the magnitude (v) of the
uB effect off the scale on the arm, and the phase (¢) at
the point where the arm crosses the semicircular phase
scale at the top of the calculator.

Since the caleulator shows only one-half of the direct
and inverse pd-ceffect planes, only angles between 0 and
180° can be represented. This represents no real diffi-
culty, since any angle greater than 180° can be repre-
sented as a negative angle less than 180°. To permit the
use of the calculator for both negative and positive
angles, no signs have been attached to the 6 contours.
The only {ule that need be remembered to avoid angle

. ' The term “in decibels” is employed herein to refer to 20 loge
of the absolute value of a quantity. (The quantities dealt with are
ratios of linear quantitics; voltages or currents, rather than power.)

) This calculator is commercially available as advertised in this
issue



1949 Felker: Calculator and Chart for Feedback Problems 1205

“U-BETA EFFECT CALCULATOR
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Fig. 1—The pp-cffect chart.

| ambiguity is that the sign of ¢ will always be the nega-  when the positive half of the arm is in the top half of the
tive of 8. If, for example, Ipﬁl is 10 db and 6 is 30°, calculator. Thus no special effort is required to insure
vy is 4+2.6 db and ¢ is —12°, while if 8 were —30° (or  that the correct sign is attached to the decibel value of 7.

330°), ¢ would be 412°, ILAS .
Note that the positive half of the calculator arm has [T1. A SampLE PROBLEM
' been made longer than the negative half, with the result The characteristic of the uB loop of a servo is shown

“that the phase of the ug effect can be determined only in Fig. 2. Since 8 in a servo is —1, the ug effect is the
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TABLE 1 as obtained from the calculator, are tabulated in Table [
' for several frequencics. These values of v, as well as the
v -Inﬁ_l @y 0 e % values corresponding to p variations of +12, +6, —6
1.5 17 UM +1 -5.5° and —12 db, are plotted in Fig. 3 to illustrate the com-
° . .
i lg ?ZZ i}é :;g'§° prehensive results that are rcadily obtainable from the
10 -4 57° -2.5 —84° calculator.
30 —15 23° —13.5 —151°
[ FTTF
Lo
n 4 PHASE |
§ i /;’( h ‘] T ]
o L 1 7
ga 4 N o
z;“; | S — j[ 1 g
& | \& | :
5 ° B ~
2 | AMPLIFICAT! =
%g —t - %
- S I 3
(o]
“g‘ | l ' Y SE— 1} |- 4
§ -40 -‘I"]' = 4 4. - 1
-60 l I ll L 1 Lial -70.| 0..2 ! 0,4 : 0‘.6l . ‘l.O é !3 4 f; é ‘é“o
01 02 0406 1.0 2 3456 810 20 3040 60 100 200 RADIAN FREQUENCY, @

RADIAN FREQUENCY,w

Fig. 2—uf characteristic of a servo.

Fig.

transfer characteristic (see (4)). To permit checking by
the reader, |p.ﬁl , 0, and the resulting values of ¥ and ¢,

»

CT2EEETO

3—Transfer characterictic of the servo with gain varied.

1—Gain down 12 db.
2—Gain down 6 db.
3—Gain at nominal value.
4+—Gain up 6 db.

5—Gain up 12 db.

The High-Frequency Response of Cylindrical Diodes®

HIS ABSTRACT includes theresultsof

an investigation into the response of

cylindrical diodes to the application
of voltages which contain high-frequency
components. In particular, the response to
“large” signals has beea determined, where
the term “large signal” refers to the condi-
tion that the amplitudes of the time-varying
components are comparable to that of the
constant polarizing voltage.

The problem has been studied as a quasi-
stationary one since the applied signal
may be assumed to change oaly slightly
in the time required for an electromagnetic
wave to propagate the interelectrode space.
The three basic postulates upon which this
theory is built are Poisson’s equation, New-
ton’s equation, and the continuity equation.

The complete solution of the cylindrical
diode under general space-charge conditions
is found to be more complicated than the
associated planar case. The method of in-

* Decimal classification: R134XR362,21. Original
manuscript received by the Institute, February 185,
1949; abstract received. May 18. 1949.

t Curtiss-Wright Corp., Columbus, Ohio.

EDWARD H. GAMBLEf

tegral equations has been adopted. The solu-
tion for the trajectory of the electrons or the
radial distance R(!, 7) is the most difficult
problem since the integral equation for
R(t, r) involves the reciprocal of R(f, ) un-
der the integral sign. A metho | of successive
approximatioas has been adoptel for eich
specific form of applie | voltage. In general,
only approximate solutioas can be found for
the cylindrical diole under various space-
charge conditions. Nevertheless, the derived
relationships between the fundamental phys-
ical quantities do afford one insight into the
inner workings of the cylindrical thermionic
diode,

The simplifying assumptions which
must be made to reduce the general space-
charge relations to those which describe the
space-charge-limited operation and tem-
perature-limited operation have been
pointed out.

Numerical solutions have been deter-
mined for a wide variety of signal voltages
for both space-charge-limirted and tempera-
ture-limited operation. These should prove
of considerable help to the tube designer.
The variations in the important physical

variables which occur as the amplitude of
the voltage signal increases from that re-
ferred to as “small” to the “large” signals
graphjcally shown.
soiutions check the in-
tegral equation relationships to an accuracy

are determined and

These numerical

of about 2 per cent.

Under large signal conditions, consider-
able modulation of the electric field, and the
velocity and trajectory of the electrons

occur. In some cases, the electrons are re-

turned to the cathode or caused to oscillate

radially in the interelectrode space.

When the radii of both the cathode and
anode are large, the solutions reduce to those
which are found for the planar diode config-
uration,

The first approximation for the numeri-
cal solutions was determined by setting the
nonlinear differential equation of motion of
the electrons into an electronic analogue
computer. Analytic formulas which matched
the numerical solutions were determined.
These analytic expressions were substituted
for the variables in the integral equations
and found to satisfy them within the ac-
curacy of the numerical solution.
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Response of RC Circuits to Multiple Pulses’

DANIEL LEVINE{}, MEMBER, IRE

Summary—The voltage across the capacitor in a pulsed RC cir-
cuit can be found without difficulty, if the change in the base-line is
known as a function of the number of pulses. This paper derives the
necessary equations for this transient effect, using only the well-
known charge discharge functions for a direct-current circuit. The
results can be extended immediately to the voltage across the re-
sistor.

HE VOLTAGE variation across a component in

a resistor-capacitor circuit upon applying a rec-

tangular voltage wave is treated adequately in
many textbooks;!? however, the effect of applying sev-
eral pulses in succession generally is left as an exercise
for step-by-step solution. This paper generalizes the
step-by-step process for any number of pulses.

The case for n pulses, where n may have any value, is
of practical concern in some circuit design, and may be
solved exactly by finding the voltage before the start of
the nth pulse. An equivalent statement is that we want
to find functions that describe the maximum and mini-
mum cnvelopes for a finite number of pulses.

Initially, we shall consider the voltage variation across
the capacitor in Fig. 1. Starting the rectangular wave at

Fig. 1—Pulsed RC circuit.

time {=0, when the capacitor has a voltage denoted by
ec(0), causes a change in voltage of

Aec(t) = [Em — ec(0)](1 — e 41T), (1)

where Ty = R,C,, and E,, is the magnitude of the rectan-
gular wave. The total voltage across the capacitor,
therefore, is

ec(t) = ec(0) + [Em — ec(0)](1 — e4T).  (1a)
At the end of the pulse the time is equal to the pulse
duration 7, so that the voltage is
ec(r1) = ec(0) + [Em — €c(0)](1 — /™)
ec(0) + a1[E. — ec(0)], (2)

where

* Decimal classification: R140. Original manuscript received by
g;c }gzglute, December 29, 1948; revised manuscript received, April

t Aircraft Radiation Laboratory, Air Matériel Command, Day-
ton, Ohio.

1 Ernst A. Guillemin “Communication Networks,” Vol. I, John
Wiley and Sons, Inc., New York, N. Y., 1931, pp. 30-40,

~ 2For the steady-state solution, see Nathan Marchand, “The

response of electrical networks to non-sinusoidal periodic waves,”
Proc. [.R.E., vol. 29, pp. 330-333; June, 1941.

(2a)

g =1—enim,
The voltage variation for ¢ > 7, is given by
ec(f) = {ec(0) + ai[Em — ec(0) ]} eI

where T2=R.C.. (In many sweep generators the time
constant during discharge is different from that during
charge. In order to develop equations having the broad-
est application, this type of condition is covered by in-
troducing T%2.)

The start of the second pulse is at time { =7, where 72
is the pulse repetition period; the initial voltage is

ec(rs) = ec(ry)e= 1T = azec(my) 3)
where
@y = e~ (rTITy, 4)

In a similar manner we obtain for the second pulse
interval

ec(rs + 1) = ec(rs) + a1[Em — ec(r3)]
= @1En + as(1 — ar)ec(r1), (5)
and
ec(21y) = azec(r2 + 71).

When this procedure is extended to cover additional
pulses, we find that the voltage expressions may be rep-
resented by the following progression:

Pulse Voltageatt = (m — 1) s + 7
1. b b = ec(r1) (6)
2. a+ br a=aEnr=a(—a) ()
3. a+ (a+ br)r = a4 ar + br?

m. at+ar+a®+ -+ arm™?+ brm?

a b b
_ [1 - r"'“(l—-—-i-—-r)]- (8)
1 — 7 a a

Therefore, the voltage at the termination of the mth
pulse is obtained by substituting the values for a, b, and
r (given in equations (6) and (7)) into equation (8):

eclim — )12 + 71

- ey L et = w0l
'[1 - e:l(;’: [1— a1 — a,)]]}. )

As m becomes very large, the factor containing ™
approaches zero, since the ratio factor r is less than
unity; therefore
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(llEm
lim ef[(m — V)1 + 7] = B

(10)
m o 1 '—02(1 —lll)

Equation (9) expresses the variation of the envelope
as a function of the number of pulses, while (10) gives
the asymptotic value of the envelope.

In order to obtain corresponding values for the end of
the pulse period, which is equivalent to finding the base-
line upon which the signal is superposed, it is necessary
to multiply (9) and (10) by the decay factor a,:

ald-vl':m '

ecimTe) =
(( ) 1-(1;(] —(ll).

1 — [aa(1 = ay) | !

ec(n) Q
[r-Sa ety
and
i i) e (02)
i R =)

The steady-state pulse amplitude, obtained as the dif-
ference between (10) and (12), is given by

dlEm(l — (12)
1 - 02(1 - al)

(13)

Impedance Measurements
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Since the amplitude of the first pulse is a; [En—ec(0)],
the ratio of the first pulse amplitude to the steady-state
amplitude is

lE'" - ('('(“)]' [] — (lg(] = dl)]
l’:,n(l - (12)

The voltage across the resistor in the RC circuit does
not require a separate analysis, since the sum of the re-
sistor and the capacitor voltages is equal to the applied
voltage.

The wave forms in Fig. 2 illustrate the application of
these equations to the problem of a square wave applied
to a circuit having no initial charges, and a time con-
stant 0.721 times the period.

(14

'}

]
|
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Fig. 2 —Instantancous voltages across capacitor and resistor.

with Directional Couplers

and Supplementary Voltage Probe’

B. PARZENT, ASSOCIATE, IRE

Summary—Impedance measurements may be made at very-
high frequencies and above with the impedometer, consisting of two
oppositely connected directional couplers and a voltage probe in a
short transmission line. An experimental model for frequencies be-
tween 50 and 500 Mc is described.

INTRODUCTION
I ) IRECTIONAL COUPLERS have been used to

determine the magnitude of the reflection co-
efficient (and hence S\VR) of impedances re-
ferred to a given transmission line.! The addition of a
voltage probe permits the phase angle and magnitude
of the reflection coefficient to be determined from which
the real and imaginary components of the impedance
may be obtained.

The essential components of the equipment are shown
in IFig. 1. The impedance Z ; to be measured is connected
by a short length of transmission line to a generator,
preferably through an attenuating pad. Two directional
couplers are inserted anywhere in the line. One, giving

* Decimal classification: R244.224. Original manuscript received
by the Institute, September 7, 1948; revised manuscript received,
February 7, 1949. Presented, 1948 IRE National Convention, New
York, N. Y March 24, 1948,

‘I'Federal Telecommunication Laboratories, Inc., Nutley, N. J.

t B. Parzen and A. Yalow, “Theory and desngn of the reflectome-

" Elec. Commun,, vol. 24, pp. 94-100; March, 1947.

an output fq, 1s directed to the reflected wave and the
other, of output Fj to the forward wave. A voltage
probe, giving an output Ej, is inserted in the line at
electrical degrees 6, from Z .

The attenuating pad maintains E; substantially in-
dependent of the load Z, and is not required if the
internal impedance of the generator is equal to the char-
acteristic impedance of the line.

[ - TRansuission Ling 08
SAVEGUIOE OF CHARACTERTSTIC

MPEOANCE 2,
DIREOTIONAL | @—_--——-——
courLEns —_ :
B (T .
¢ VATAGL PROSE
.,
*

Fig. 1—Issential components of impedometer.
THEORY OF OPERATION

What the equipment directly measures is the reflec-
tion coefficient K and not the impedance. The relations
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at any point a on the line between the reflection coef-
ficient K. and the normalized impedance z, equal to the
actual impedance Z, divided by the characteristic im-
pedance of the line Z,, are given by
, 1 1
:a=ra+J-\'a=—= L
Va  gat jba
sa—1 1= ya
z2a+1 143

From well-known transmission-line and directional-
coupler theory, we have

El = C1E1(1 =

1+ K.

R A

Ka=|K eta (2)

(3a)
(3b)
Es =

where C,, Cs, and Cj; are constants and gin(licates the
forward components of the voltage wave in the trans-
mission line.

After making C,, C., and Cs equal to each other, we
obtain from (2) and (3)

E,
lal=|=| =11+ K]
E;
=| 14| K| cosé + 7| K| sindi], (4)
Be)_ -
el = |—| = .
2 E3 ) |
From (1), (2), (4), and (5) result
20 e 2_1
cosé,=f—eil'— 7 ’ ' (6)
2‘eg[
1 + 'b I_Ka
s e TR T T Lk
_1—|K|2—2j|K|sin6., o
14| KP4+ 2| K|cose.
[2=[1+4 K[ : (8)
€ = = — ]
i T ) b
4
lalt = | kP =t = 9)

(1 + g)? + b2

From (5) and (6), the magnitude [K[ and phase angle
3, of the reflection coefficient at the point of the voltage
probe may be calculated. We can calculate the angle
8. at the load from the relation

o = 861 + 20, (10)

If 26, is not known, it may be found easily as follows:
(1) Short the end of the line for which load |es| =1 and
8, =180° and read e, (2) calculate 8, from (6), and (3)
201 =3 180 - 51.

Equation (6) is incomplete in that it permits the de-
termination of only the magnitude of 8, and not its sign

Parzen: Impedance Measurements by Directional Couplers and Voltage Probe
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Fig. 2—Plot of |ei], Iezlj, aild 8y, in (a) for |e;] =0.2 to 1

and in (b) for |e;]| =0.01 to 0.2.

since, in general, cos d =cos (—3&). An additional com-
ponent is, therefore, added to obtain the sign of 8.
For convenience, the component consists of a capacitive
susceptance jb at the point of the voltage probe. The
susceptance is normally out of the line and is inserted
into the line and its effect noted after E;, E,;, and Ej
have been measured. Equations (7), (8), and (9) show
that | e increases and | e5| decreases when 8, is positive
and conversely when 8, is negative. Thus, by noting
the change in |e:] and/or |es|, the sign of & is deter-
mined. Equations (8) and (9) also indicate that the
effective change in |e1| is greater when the reflection
coefficient is large and the change in Iezl is greater when
the reflection coefficient is small. In every case, the
change jn either Iell or [ezl will be sufficient to fix the
sign of &, positively.

The procedure to be followed in measuring an im-
pedance is (1) connect the unknown impedance to the
equipment, (2) read E,, E;, and Es, (3) find the sign of
3, by inserting the susceptance and noting the change
in readings, (4) calculate IKI from (5) and 4, from (6),
(5) add 8, to 28, and obtain &, (if 26, is not known, it is
found as described above), (6) calculate z from (7),
using Smith or equivalent impedance charts.

To minimize labor in calculating &, from (6), that
equation has been plotted in Fig. 2. It may be noted
that (6) is but an expression of the cosine law for
triangles.

This method is practical at all frequencies, since all
the components (directional couplers, voltage probe,
variable capacitive susceptance, and short section of
transmission line) have been built at all radio frequen-
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Fig. 3—Cross-sectional view of impedometer.

cies. The method is particularly useful for measure-
ments between 50 and 500 Mc in view of the absence of
other good methods for this frequency region.

EXPERIMENTAL MODEL

A cross-sectional view of an impedometer for use from
50 to 500 Mc is shown in Fig. 3 and a photograph in
Fig. 4. It consists of a short section of 1%-inch coaxial
line with adapters for type N fittings. In this line, are
placed two wide-band directional couplers, a capacitive
voltage probe, and a variable susceptance made up of a
high-capacitance probe that can be inserted by a spring-
returned push button. The length of the active portion
is 5 inches and the total length, including the adapters,
is 15 inches.

Each coupler consists of a resistor, capacitor, and
loop. They differ only in the orientation of the loop
with respect to the line. Their theory of operation has
been fully covered in the referenced paper.

The coupler characteristics are as follows.

Internal Impedance

The internal impedance is approximately 50 .

Directivity

The directivity is approximately 40 db. By directivity
is meant the value of |e;|? expressed in db when the
line is terminated by Z, The directivity is important
as it fixes the lowest value of reflection coefficient that
can be measured. Thus, a directivity of 40 db corre-
sponds to a minimum reflection coefficient of 0.01, which

Fig. 4—Experimental model of impedometer.
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is equivalent to a VSWR of 1.02. For the type of coup-
lers shown, a directivity of 35 db and better can be read-

ily obtained.

Coupling

The coupling is approximately —40 db at 100 Mec.
The coupling decreases 6 db as the frequency decreases
by an octave. By coupling is meant the ratio in db of
the power obtained from the Ej; coupler to the power
absorbed by the impedance being measured, when the
impedance is equal to Zo. The coupling should be as
small as possible, for as it increases, so do the distortion
of the field within the line and the measurement errors,
It will be noted that the impedometer as presently con-
structed has a coupling of —25 db at 500 Mc. However,
the coupling can be easily decreased by reducing both
the inductive and capacitive couplings.

Voltage Probe

The voltage probe consists of a small capacitance in
series with a low resistance. The degree of coupling is
adjusted by moving the probe in or out to vary the
capacitance. When properly adjusted, the internal im-
pedance and attenuation characteristics of the probe
are identical to those of the couplers. Thus, correct
probe adjustment at any frequency insures correct ad-
justment at all frequencies.

Transmisston Line

The transmission line has a characteristic impedance
of 53 Q. For maximum accuracy, the impedometer
should be used without the adapters. The VSWR of the
impedometer with both adapters is 1.05.

Adjustable Susceptance

The adjustable susceptance consists of a grounded
variable-capacitance probe, which can be inserted into
the line by a spring-returned mechanism. On inserting
the probe, both E, and E, change. As previously ex-
plained, the change in E; is greater when the VS\WR is
low and the change in E, is greater when.the VS\WR
is high. In every case, the change in either E; or E, is
sufficient to fix positively the sign of §,.

On initial use of the impedometer, the following
should be checked:

LEy=E;z when the load is equal to Z,,

E2=0 when the load is cqual to Z,,

E;=E; when the load is a short circuit.

When these conditions are established, we can be
certain of the correct operation of the impedometer.
The impedometer possesses fair accuracy when the re-
flection coefficient of the impedance being measured

has a magnitude between 0.02 and 0.95 at any phase
angle.

IMPEDANCE M EASUREMENTS

Impedance measurements made with the impedome-
ter at 100 Mc have been found to be within § per cent
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Fig. 5S—Block diagram for impedance measurements.

of those obtained with a slotted line. At this frequency,
the required minimum length of the slotted line is 60
inches compared with the 5-inch active length of the
impedometer.

The equipment arrangement illustrated in Fig. 5 and
the following procedure makes indicators having pre-
cise amplitude calibrations unnecessary.

(1) A standard-signal generator having a maximum
calibrated output of 100,000 uv was used. The at-
tenuator was accurately calibrated over a range from
+40 to —10 db referred to 1,000 pv. The modulation
was at 400 cps.

(2) The detector was a standard communications re-
ceiver, having sufficient selectivity so that generator
harmonics are not troublesome.

(3) A 10-db resistive attenuator was inserted between
the generator and the impedometer to insure constancy
of E, regardless of the impedance being measured.

(4) The impedance to be measured was connected

PROCEEDINGS OF THE I.R.E.—Waves and Electrons Section 1211

to the impedometer, and the attenuator was set to 1,000
uv. The output of the receiver was noted when it was
connected to the E; probe. The values of the attenuator
settings required to yield the identical receiver output
when connected to the E; and E; probes determine the
magnitude of E, and E,.

(5) The impedance is then calculated in the manner
previously described. The accuracy is thus determined
almost entirely by the quality of the impedometer
probes and by the calibration of the signal-generator
attenuator; fairly accurate measurements are, there-
fore, not too difficult to achieve.

Although the impedometer has been specifically de-
signed for the frequency band of 50 to 500 Mc, it is
usable at much lower frequencies, being limited only
by the attenuation of the coupler, which increases 6 db
per octave decrease in frequency. Where sufficiently
powerful signal generators and sufficiently sensitive re-
ceivers are available, this limitation is not serious. For
example, at 3 Mc, a generator having a maximum out-
put of 1 volt and a receiver sensitivity of 5 uv will be
suitable.

To summarize, the basic principles of the impedome-
ter are applicable at all frequencies. However, the avail-
ability of good bridges at frequencies below 50 Mc,
restrict its application to the higher frequencies. It is
particularly useful between 50 and 500 Mc as (1) it
covers a very-wide frequency band, (2) it is a low-cost
instrument, (3) except for the slotted line, no other
simple instrument is available, and (4) slotted lines for
this frequency region are too bulky and expensive.

Bilinear Transformations Applied to the Tuning of
the Output Network of a Transmitter
K. S. KUNZj, Assocmm, IRE

Summary—The literature on the proper tuning of the output
network of a class-C power amplifier inductively coupled to a load
is surprisingly meager!-? and, in general, there seems to exist con-
siderable confusion concerning the relation between the following
three conditions:

(a) Resonance of the secondary circuit

(b) Maximum-minimum point of average plate current

(c) Maximum coupled circuit efficiency.

This state of affairs is probably due in large part to the complexity
of mathematics involved in a straightforward analysis of the cir-

* Decimal classification: R141.2XR355.7. Original manuscript
received by the Institute, November 29, 1948; revised manuscript re-
ceived, March 22, 1949, The research reported in this document was
made possible throth support extended Cruft Laboratory, Harvard
Universitg, jointly by the Navy Department (Office of Naval Re-
search), the Signal Corps of the U. S. Army, and the U. S, Air Force,
under ONR Contract N5-ori-76, T. O. I.

" t Computation Laboratory, Harvard University, Cambridge,
ass.

1 One of the few completely reliable discussions of the factors to
be considered in designing and tuning the output network of a class-C
amplifier is given in “Applied Electronics,” M [T Electrical Lingineer-
ing Staff, Technology Press, 1943; pp. 584-592. There, however, only
the simplest case of a series load neglecting distributed capacitance

cuits involved. In this paper we have employed the powerful theory
of bilinear transformations in a complex plane, for which circles are
transformed into circles, to determine the actual value of the sec-
ondary capacitance for a maximum-minimum of average plate cur-
rent and for maximum coupled circuit efficiency.

The results of this investigation show that (b) and (c) differ
widely from (a)—except for the case of a series load in the secondary
circuit. Moreover, although (b) may differ considerably from (c),
these two conditions are indistinguishable if the Q of the primary
coil is large, and the coefficient of coupling is very smail.

INTRODUCTION

{HE QUTPUT circuit of a class-C amplifier that
II acts as the final stage of a transmitter (see Fig. 1)
is usually considered to be properly tuned if any

of the secondary is considered. Moreover, even for this case, series
resonance is assumed rather than derived.
2 4):|ectronic Circuits and Tubes,” Cruft Laboratory Electronics
Staff, McGraw-11ill Book Co., New York, N. Y., 1947; pp. 454-462.
s “Fundamentals of Radio,” W. L. Everitt, editor, Prentice-H1all,
Inc., New York, N. Y., 1942; pp. 374-379.
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change in the plate circuit capacitor C; increases the
plate current, and any change in the secondary circuit
capacitor G, decreases it.* In other words, one often ad-
justs C; for minimum and C; for maximum plate cur-
rent. It should be pointed out that in Fig. 1 the load is
included in the four-terminal network 4.

Fig. 1—Class-C amplifier inductively coupled to a load.

Parker,® in investigating the use of such an in-
ductively coupled class-C amplifier for rapid determi-
nation of an unknown load impedance in the secondary
circuit, noted that, contrary to what is often implied,
the maximum-minimum tuning referred to above did
not coincide with resonance of the secondary circuit. In
fact, for a load in shunt with C,, this maximum-mini-
mum tuning was obtained when the sccondary was not
even in the neighborhood of resonance.

The following paper is an outcome of the author's ef-
forts to determine theoretically the conditions for a
maximum-minimum of average plate current and for
maximum coupled circuit efficiency. Ordinary methods
of determining maxima and minima by differentiation
proved inadequate, due to the complexity of the cir-
cuits.® However, the theory of bilincar transformations
as applied to networks turns out to be a very powerful
tool for this purpose. \When adapted to this problem, it
makes possible the determination of the tuning of C
and C, for a maximum-minimum condition of plate cur-
rent for even the most complex secondary circuit, one
in which the network 4 of Fig. 1 is any assemblage of
passive linear elements,”8

Since the tuning of C; that makes Z; a pure resistance
also makes this impedance a maximum, it is generally
agreed that, for minimum plate current, C; is tuned for
resonance, i.e., Zp =R (pure resistance).® This tuning
insures that the plate voltage is least when the pulse of
plate current flows through the tube. It is then only the
tuning of the capacitor C; for maximum plate current
that leads to serious mathematical complexity, when
treated by elementary methods. In fact, we shall assume
that Cyis at all times adjusted for resonance, and confine

4 “Electronic Circuits and Tubes,” Cruft Laboratory Electronics
Staff, McGraw-Hill Book Co., New York, N. Y., 1947; p. 458.

* Sam E, Parker, now at the U. S. Navy Electronics Laboratory,
San Diego, Calif.

¢ lC))lnly for a series load (see Fig. 2(a)) was this method at all ap-
plicable,

? Previous use has been made of this method for solving other
problems. For example, A. lazeltine, “Current loci in the general
linear A-C network,” Elec. Eng., vol. 56, pp. 325-330, 1937.

¥ A. C. Seletzky, “Cross potential of a 4-arm network,” Elec.
Eng., vol. 52, pp. 861-867; 1933.

® PP, H. Osburn, “A study of class-B and -C amplifier tank cir-
cuits,” Proc. LR.E., vol. 20, p. 817; Mayv, 1932,
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our attention to hnding the value of Ce for maximum
plate current.

It is clear that, since () is adjusted for resonance, the
tube sces only the real part of the admittance YV, =G,
—jBy: hence, Cais to be adjusted for maximum value of
(. If one considers the four-terminal network B (see
IFig. 1), the problem may be considered as follows. As G,
is varied, the load impedance for network B varies along
a straight line, the imaginary axis of the complex plane.
The input admittance V,, as G is varied, will also de-
scribe some path in the complex plane. It remains only
to find the vatue of load impedance for network B that
corresponds to the point in the locus of ¥, that is far-
thest to the right.

That the locus of Y, is a circle results direetly from
the following general theorem of network theory':

Theorem I:

If a variable impedance is applied to the output of u lin-
ear four-terminal network and the locus of the points in the
complex plune representing the variation of this impedunce
1s etther a circle or a straight line, then the locus of the
points in the complex plune representing the input imped-
ance (or admittance) is a circle (or in some cases a straight
line).1¢

In part I we shall review briefly the subject of bilincar
transformations and the basis of the general network
theorem stated above, and then demonstrate how the
maximum-minimum tuning can be expressed in terms of
the constants of network B. In part 1, we shall consider
the three important special choices for network A given

il e i — r A
| R L. R
-~ 1 —t —_ .l.. .——L—f—l»—
D ———
a (b) (c)

Fig. 2—Special choices for network 4 of Fig. 1.

in Fig. 2. In each case R is the load resistance. Thus, de-
scribed in the ordinary way, the three cases considered
are:
(a) Series load, neglecting distributed capacitance of
the secondary
(b) Parallel or shunt load
(c) Series load as influenced by the distributed capac-
itance Cy of the secondary-.
Part 11T will include an alternative graphical treatment
of the problem that has considerable merit as a concep-
tual aid in visualizing the requirement for maximum-
minimum tuning. In part IV we shall determine the
proper tumng of C, for maximum coupled circuit ef-

hciency and relate this tuning to the maximum-mini-
mum tuning.

* The statement of this theorem is simplified if one considers a

straight line as a special case of a circle, namely, one with an in-
finite radius.
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I. BILINEAR TRANSFORMATIONS AND THE GENERAL CON-
DITIONS FOR MAXIMUM-MINIMUM TUNING

A complex variable w is said to be a bilinear function
of another complex variable z if

Az + B
w=—> (1)
Cz+4+ D
where 4, B, C, and D are constants (in general complex).
If C#0, (1) can be written
az + b

Yy = —————— 2
W= (2)

If the real and imaginary parts of z are represented by
the x- and y-co-ordinates, respectively, of a point in a
plane called the z plane, then the possible values of z are
simply the two fold infinity of points in this plane. To
each such point in the z plane there corresponds a value
of w given by (1), and hence a point in a second plane,
which we will call the w plane.

Lemma 1. Any set of points lying on a circle in the z-
plane is transformed by a bilinear transformation into a
set of points lying on a circle in the w plane, it being
noted, however, that a straight line is to be considered
as a special case of a circle (one with infinite radius).

Since a gencral proof of this lemma may be found in
many standard books on the functions of a complex vari-
able, we shall not give this proof. However, a special
case of the lemma, the one actually needed in our calcu-
lations, will be proved in the Appendix.

Lemma 2. The input impedance (or admittance) of a
linear four-terminal network is a bilinear function of the
impedance (or admittance) closing the other end.

The proof of this lemma is very simple and may be
found in various books on network theory.?

The combination of Lemmas 1 and 2 leads at once to
the proof of Theorem'I.

From the discussion in the Introduction we have de-
duced the following conditions for maximum-minimum

tuning:
1. C, is tuned for the maximum value of G, where
Yb=Gb—ij.

2. C, is tuned to cancel the imaginary part of ¥, so
that the tube seen a pure conductance Gy there-

§ fore, wC, = By.
JIMAGE IMAGE
10 REAL 0 REAL
- o' —t
' / - ’] o —
|
NE TWORK . LOCUS OF }
oP — —
‘ 3 Yo <|» 8 b ?Icz /
| v - S _‘ i Q
LOCUS OF Y, 3 PLANE
Fig. 3 Variation of Yy as Coas varicd!,

u . M. MacRobert, “Functions of a Complex Variable,” Mac-
~millan Co., New York, N.Y., 1938; p. 9.
1 See, for example, page 492 of “Electric Circuits,” M.LLT. En
gincering Staff, John Wiley and Sons, Inc., New York, N. Y., 1943,
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Also, we have shown that, as a consequence of Theorem
I, the lccus of ¥, in the complex plane, as C, is varied, is
a circle (see Fig. 3). The problem thus reduces to finding
the point P in the ¥, plane that lies farthest to the right
and the corresponding point Q in the impedance plane of
C, in terms of the constants of the network B.

Since ¥, is a bilinear function of z= —j/wC; (see (2)),

az + b
}’b= y
z2+d

(3)

where the complex constants @, b, and d can be deter-
mined, once network B is specified.

It is shown in the Appendix that the tuning of C: for
maximum G, is given by the equation

1 Re (Nd@*) . Real part of Nd*
oCa

= _ ) (4)
Im (N) Imaginary part of N

where

N=vad=b, (5)2

and a, b, and d are the constants of the bilinear transfor-
mation (3). The complex conjugate of a quantity is in-
dicated by an asterisk. The desired tuning of C, for the
condition of a maximum-minimum of average plate cur-
rent is therefore given by (4).

I1. SpeciaL CASES

In this part we shall determine the maximum-mini-
mum tuning of C, for the three special cases mentioned
in the Introduction. These correspond to the threc
choices of network 4, of Fig. 1, given in Fig. 2.

A. Series Load Neglecting Distributed Capacitance of Sec-
ondary

Network B is then

f"\
R, R2
ps——

hence from the theory of coupled circuits

YViz+ Vi(Z: + R)

= S TS T (©)
2+ (Zs + R + 0*M?Y))
where
Z,= R+ jol, = Ri(1 + JQ') (7
Zs = Ry + jwla = Rao(1 + jQo).

The constants of this bilinear transformation are (sce
(3) and (5))
(l = 22 + R + w’M’Vl

8
N = oMY, )

1 (One may use whichever square root one chooses.
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Substituting these constants into (4), onc has

1 " 1 [R 4R+ w’Mz] )
- = W - — .
(A)CQ ! Q) ! Rl
This can be alternatively expressed as
1 1
=wL,[1————k2], (10)
ng QlQn
where
0= (11)
" R,+R
k M flici f li (12)
= — —— = coefficient of coupling.
< V/LiL,

Since at resonance 1/wChy=wlL,, it is clear that the
maximum-minimum tuning for C, given by (9) or (10)
ditfers from resonance. Note that even when the cou-
pling is reduced to a negligible amount, the secondary
still differs from resonance by the term —(R+R;)/Q\.

For actual circuits the latter term is apt to be very
small, but the term depending on the coupling will usu-
ally be quite appreciable.

p=-—— —

B. Shunt Load

For this case, the network B is

-— M 4 *
R R2

hence

- - (Zz+R)Z+RZz -
T [20Zy + R) 4 w?M2]z 4 (02M? + Z,Z)R

Y,

(13)
This is a bilinear function of z expressed in the form of
(1). By dividing through by the coefficient C, it takes
the form of (2). On applying (4) and simplifying, onc ob-
tains the equation,

1 1 — — — &
2 _;}"Qf - (14)
1+E<1+@>

This is the maximum-minimum tuning for C,. Note that
as long as the load resistance R is large, compared to the
resistance of the secondary coil, the tuning of C; is prac-
tically independent of the load.
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The condition for resonance of the sccondary circuit
is decidedly different from (14). For one thing, it clearly
does not depend on Ry, the resistance of the sccondary
coil, or on the coupling k. If we take these two factors
to be zero, then (14) becomes 1/wCe=wl,, which is
clearly independent of R. On the other hand, for reso-
nance to occur at all, R must be greater than the critical
value R =2wl,, and for R>2wl,, there are two reso-
nance tunings. If we choose the one that reduces to series
resonance for R= =, then 1/wCy=Awl.,, where N varies
from 1 at K=« to 2 at the critical value of R.

C. Series Load Taking into Account the Distributed Cu-
puacitance of Secondury

Network B for this case has the form

) M —AW\VA——
J. R
% L, ol 7
Rl , Rz Cd

hence

_-(Zz +Zd)z + ZyZa+ R) +de

Z\Zs + Za) + oMYz + (Z:Z2 + MY (Za + R) + Z\ZaR |

where
Zd — —_]/w Cd.

Proceeding as in the foregoing case and making use of
(4), one obtains the expression

| g realgrg)

=“’L2" : ' i — 1 (19)
l—deng(l—QO —-k2>
102 )

where Q. is defined asin (11). As a check we dbserve that
for C4=0, this equation reduces to that given by (10).

I11. CoNTOURS OF CONSTANT Gj IN THE
Zo-PLANE

An alternative treatment of the problem of maxi-
mum-minimum tuning can be had by determining how
the contours of constant G, and By appear in the Z,-
plane [Z, beirg the impedance attached to the second-
ary of the transformer, (Fig. 1)]. In the ¥, plane, the
input admi'ttancc plane, the contours of constant Gy and
B, are, of course, straight lines parallel to the axes. To
obtain the contours of constant Gs and By in the Z, plane
as given in Fig. 4, it is merely necessary to determine
how the bilincar transformation expressing Zp as a func-
tion of ¥, transforms these orthogonal straight lines.

Since from coupled-circuit theory (see Fig. 1),

|
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the bhilinear transformation needed is

VL (221 + MDYy — Z,

Zom — Zod — = 21T (16
' T, - 2, —Z s + 1 (16)

Now the contours of constant Gy and B, in the Y, plane
(Ys=Gy—jBs) all pass through the point at infinity, and
since this point is transformed into the point
Zo= —2Zy—w?M?/Z, by (16), the circles representing
contours of constant G, and B, in the Zo plane must all
pass through this point. Similar considerations will ver-
ify the fact that these latter contours form the system of
orthogonal circles shown in Fig. 4.

As Gy is tuned in Fig. 1, the impedance Zo, which is
the input impedance of network A, must by Theorem I
vary along a circle or straight line. Since the maximum-
minimum tuning requires that Ca be adjusted for maxi-
mum value of G, it is clear that this required tuning is
represented by the point of tangency of the circle or
straight line representing the locus of Zo with the family
of circles of constant G, shown in Fig. 4.

To illustrate the use of Fig. 4, consider the case of a
series load, where

(17)
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Fig. S—Determination of the maximum-minimum tuning for a
series load.

As Ciis varied the locus of Z, is the vertical straight line
shown in Fig. 5. Since the circles of constant G, have
their centers on a line having a slope of 2 tan™' 1/Q,, it
can easily be proved geometrically that the point of
tangency M of the locus of Z, with these circles lies on a
line passing through P and making an angle of tan™!
1/Q: with the horizontal. This point M, being the point
on the locus of Z, yielding the maximum value of Gy, is
the value to which Z, is adjusted when C, and C; are
tuned for maximum-minimum of plate current.

The imaginary part of Z, at the point // is equal to
the imaginary part of Zo at P, and hence

Zoat H=R—j Im (Z3+w?M?*Y ) = R—j(wLs—w*M?B)).

Since

1 1
| MH| = a| Pl = o [R + Re (Z; + wM?Y)))
1 1

1
. Q— [R+ R+ w MGy, (18)
1

we have

at . J wi. Wl .
’ ‘ Q l l Ql

1
Therefore, by the use of (17) and the fact that
1
R\(1 + Q1)

we obtain the formula for the tuning of G,

szz)
R,/
This is the same tuning as given by (9).

The reason for maximum-minimum tuning of C; given
by (19) differing from resonance is here seen to be due to
two factors. The first is due to coupling, and results in
the term —w?M®B, being added to the imaginary part

of Zo at P (or at H). This is just the impedance that
would be reflected into the secondary circuit if the pri-

Gy

1 1
I=”L’—_<R+R’+

4 1

(19)
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mary circuit were short-circuited. The second factor is
due to the resistance in the primary circuit and results
in the contours of constant G, being rotated through an
angle of 2 tan—! 1/Q, about the point P. This neccessi-
tates a correction equal to IM]II , given by (18), in the
reactance of C,.

IV. TuNinG For Maximum CourLED-CIRCUIT
[EFFICIENCY

Perhaps the most important consideration in the de-
termination of the proper tuning of the secondary ca-
pacitor C» of an inductively coupled output amplifier
such as that diagrammed in Fig. 1 is that of coupled-cir-
cuit efficiency. This is defined as the fraction of the
power that the tube delivers to its load impedance that
reaches the secondary circuit. One should, therefore, in-
vestigate how well the maximum-minimum tuning agrees
with the condition of maximum coupled-circuit ef-
ficiency.™

It is convenient to take account of the secondary cir-
cuit, in the following investigation, by the impedance
Z,=w'M?/(Z2+Z,) that is reflected into the primary
circuit. Thus the equivalent circuit for IFig. 1 is that

- .
K/

“e

2.
z, ?g
T3

3
g R,

ILH,, o HESL

Fig. 6—Equivalent plate circuit for amplifier of Fig. 1.

given in Fig. 6. The power transferred to the secondary
circuit is accounted for in this equivalent circuit by the
power dissipated in R,, the resistive part of reflected im-
pedance. The coupled-circuit efficiency 7 is thus scen
to be

R,

TR R

Since R, is fixed, the maximum value of 7 occurs when
R, is a maximum or the equivalent, Ry a maximum. Thus
the condition for maximum coupled-circuit efficiency is
that C, be tuned for maximum value cf the real part of Z,,
the input impedunce of the transformer and hence of net-
work B. This is completely parallel to the condition for
maximum-minimum tuning, except that Z, now re-

.l

places Y. Accordingly, we need only apply formulas (4)
and (5) to the bilinear transformation connection

" The maximum considered in this paper is that obtained for a
fixed value of coupling. A better criterion of the proper tuning of

2 would be obtained by maximizing the coupled-circuit efficiency
under the condition that the load presented to the tube is constant.
This can be done by letting the coupling vary.
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z= —j/wC: to the impedance Zy, namely the transforma-
tion

Az+ B az+ b
VA = ‘ (20)

TG+ D std
We shall consider the same three special cases treated in
I’art I11 of this paper.
A, Series Load
From (6),

2+ 2+ KR) +fo'-'.ll‘-' .

o s+2Z.+ R 124
By reference to (20),
d=7Z:++ R
N = Vad — ¢ = juM.
Therefore by (4)
1 N !{c (NVd*) = ol (22)

ng Im (AV)
Thus (for maximum coupled-circuit efficiency) the sec-
ondary is tuned to resonance.

B. Shunt Load
From (13)

R S T VL

(Z'.' + R)z + Z2.R

A

Therefore by (4)

1
- wL-_:(]
wCo

R.
. ———>. (24)
R 4+ R,

Thus when R<KR, the tuning of C, for maximum
coupled-circuit efficiency is almost independent of R,
which is not the case for resonance of the secondary. It
more nearly approximates the maximum-minimum tun-
ing given by (14); however, the latter depends on the
coupling and the Q of the primary and secondary coils
as well as on the ratio of R. to R.

C. Series Load Taking into Account the Distributed Ca-
pucitance of the Secondary Coil

For this case
(25)

Dividing numerator and denominator by Z:+Z, and
applying (4),

!
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This is the tuning of C, for maximum coupled-circuit ef-
ficiency; clearly if C; is zero, this equation reduces to
(22).

Note that in all three cases the tuning for maximum
coupled circuit efficiency is independent of the coupling.
If in (10), (14), and (15) for maximum-minimum of av-
erage plate current one sets k=0and Q, = =, these equa-
tions reduce respectively to (22), (24), and (26), the
cquations giving the tuning of C: for maximum coupled
circuit efficiency.

Practical Considerations

The design of the output network of a transmitter de-
pends on several considerations besides that of maxi-
mum coupled circuit efficiency ;! however, once the net-
work is built, the primary factor in tuning the secondary
capacitor is to achieve maximum efficiency of power
transfer from the plate circuit to the antenna.'® The
plate circuit efficiency of the tube is not to be consid-
ered, since it depends only on the load presented to the
tube, which presumably can be adjusted to its optimum
value by changing the coupling and adjusting the plate
capacitor for unity power factor.

One sometimes uses the dc milliammeter of the plate
circuit as an indicator for the proper tuning of the out-
put circuit. This is done by alternately tuning the plate
and antenna capacitors. ’roper tuning is then usually
taken to be that for maximum-minimum average plate
current, the plate capacitor being tuned for minimum
and the antenna capacitor for maximum current.

In this paper it is shown that the above maximum-
minimum tuning vields maximum coupled circuit ef-
ficiency only if the Q of the plate tank circuit is large and
the coupling is very small.'¢ Moreover, only for a series
load, neglecting distributed capacitance, does the ad-
justment of the antenna capacitor for resonance of the
secondary circuit occur near the adjustment for maxi-
mum coupled circuit efficiency—or, for that matter,
near the adjustment for maximum-minimum of average
plate current.

APPENDIX
DERIVATION OF EQUATION (4)
l.quation (3) can be written
b — ad
4
b — ad
Tt rir e+ #(1+

Vo=a+

¥ 4 d* (27
24+ d > ")

1 This cfficiency of power transfer is the product of the coupled
circuit efficiency and the secondary circuit efficiency. In this paper
we consider only the first. Notice, however, that for a series load the
secondary circuit efficiency is fixed by the design of the circuit and is
independent of the tuning of ;.

18 More precisely, the requirements in the three cases studied are:

Case (a) B2< <1, 0,0,> >1

(b) B2< <1, Q102> >1, > >0,
(c) k< <1, QiQ.,> >1, and for sizeable Cq, Q1> > Qs

Kunsz: Bilinear Transformations Applied to Transmitter Tuning
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where the star indicates the complex conjugate of a
numbcr. Since z*+4-2z=0,

Yb=a+b—.ad(1+ei9)r (28)
d + d*
where
) 2* + d*
619 = ———
s+ d

Variation of z thus causes only a change in 8 in (28);
therefore the locus of ¥, is a circle with center at

o= (29)
d + d*
and radius
_lo=cd) (30)
d+ d*

The value of ¥, having the greatest real part G, i.e.,
that corresponding to the point P in Fig. 3, is as, seen
from (28),

b — ad
d + d*

|b—adl
d + d*

I_/b—-—-a—i-

(31)

Letting Z be the corresponding value of z, i.e., that rep-
resented by the point Q in Fig. 3, we have from (27) and
(31) and the fact that 2*+4-2=0,

d*(b — ad) — d|b — ad |

32
b-—ad—}—lb—ad| (32)

Z =

If d is written as d =d,+jds,
b—ad—|b— ad |

z2=d — — =
b—ad+|b—ad|

jds.

It is convenient to introduce a constant N = N+ Nj,
defined as one of the square roots of ad —b; that is

— N2 = —N12+N22—2N1N2j=b—ad.

Our equation then simplifies to

- (Nlil + Nz_dz)j

- -/ (1 1 I . l .
= — g = ———— —_ —3
S N, U Ne

This can be written

) Real part of Nd* _Re (Nd*)
T Imaginary part of N - Im (N) ,
or, in terms of C,
Re (Nd*
1/wC,y = —~(—— ) . (33)
Im (N)

‘I'his is a surprisingly simple equation for maximum-
minimum tuning of Cs, for any network in which a sin-
gle capacitor Cp is used to tune the secondary circuit.
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of Remington Rand, in South Norwalk,
Conn. Mr. Wilder is still with this company,
as chief engineer and manager of the picture
tube division.

M. P. WILDER
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ACOUSTICS AND AUDIO FREQUENCIES

534.21 2415

On the Calculation of the Sound Field of
Circular Membranes in a Rigid Wall—H.
stenzel. (Ann. Phys. (Lpz.), vol. 4, pp. 303-
324; March 1, 1949.) Three developments in
series are obtained, each with particular ad-
vantages for a certain portion of the field.
A method is used involving characteristic func-
tions which can be calculated by means of
differential operators and which can be applied
to radiation fields in general, including both
acoustic and electromagnetic firlds. Practical
examples are given,

534.232:621.316.727:621.396.677 2416
Applications of Phase Devices—Thiede
(See 2454.)

534.26 2417

The Diffraction of Two-Dimensional Sound
Pulses incident on an Infinite Uniform Slit
in a Perfectly Reflecting Screen—I-. N. Fox.

(Phil, Trans., vol. 242, pp. 1-32; May 25,
1949.)
534.61 2418

Application of Miniature-Circuit Tech-
niques to the Sound Level Meter—H. H,
Scott, H. Chrystie, and E. G. Dyett, Jr. (Proc.
N.E.C. (Chicago), vol. 4, pp. 33—15; 1948.)
Engineering and production problems are con-
sidered for a meter small enough for a coat
pocket, but meeting all American Standards
Association requirements.

534.833 2419

Absorption by Sound-Absorbent Spheres—
R. K. Cook and P. Chrzanowski. (Jour. Res.
Nat. Bur. Stand., vol. 42, pp. 219-223; March,
1949.) See 2123 of September.

534.862.4:621.383 2420
A New Reproducing Device for Scanning

The Institute of Radio Engineers has made arrangements to have these Ab-
stracts and References reprinted on suitable paper, on one side of the sheet only.
This makes it possible for subscribers to this special service to cut and mount the
individual Abstracts for cataloging or otherwise to file and refer to them. Subscrip-
tions to this special edition will be accepted only from members of the IRE and

| subseribers to the PROC. LR.E. at $15.00 per year. The Annual Index to these
Abstracts and References, covering those published from January through
December 1948, may be obtained for 2s. 8d. postage included from the Wireless
Engfneer, Dorset House, Stamford St., London S. E., England.

Optical Sound-Tracks —]. Fassbender. «Funk
und Ton, vol. 3, pp. 261-264; Muay, 1949)
Description of apparatus us~ing a special
photo ccll consisting of a single (rystal of
CdS,” of dimensions about 10X1X0.1 mmn.
The conductivity spectrum of this cell extends
from about 5,100 A into the <short-wave
ultraviolet and its gencral propertics make it
particularly suitable for this apphcation.

621.395.625.2:621.392.52 2421
Crossover Filter for Disc Recording

Heads —Roys. (See 2470)

621.395.625.3' 2422

Magnetic Recording Tapes—\I. Camras
(Trans. AIHEE, vol. 67, part 1, pp. 503-506;
1948.) Mugnetic properties, frequency  re-
sponse, signal-to-noise ratio, output level,
sensitivity, and casc of crasure are considered
for various tapes new coated muaterial,
Type 140-A, developed by the Armour Research
Foundation, i< tound specially suitable for
high-quality recording

621.395.625.3:621.395.813 2423

An Evaluation of the Application of New
and Old Techniques to the Improvement of
Magnetic Recording Systems—L. C. Holmes
(Proc. N.E.C. (Chicago), vol. 4, p. 46; 1948.)
summary only. Discussion of various factors
contributing to high quality in such systems,
and of data showing the performance charac-
teristics obtainable under the most favorable
operating conditions

621.396.8:621.396.44 2424

Channels of Equal Acoustic Quality with
Different Frequency-Response Characteristics
and Different Bandwidths—P. V. Anan'ev
(Radiotekhnika (Moscow), vol. 4, no. 1, pp
16-26; January and Fcbruary, 1949, In Ruys-
sian.) The necessary bandwidth and the
permissible deviations in the frequency charac-
teristic for a wire broadcasting system are
discussed. Experimental curves and results are
given.

ANTENNAS AND TRANSMISSION
LINES

621.392.261 2425

Closed- and Open-Ridge Waveguide 1.
G. Mihran. (Proc. LR, vol. 37, pp. 640-
044; June, 1949.) Expressions are derived for
the voltage-current and voltage-power im-
pedance, allowing for the discontinuity ca-
pacitance. Simplifying approximations and
the conditions of their validity are discussed.
A preliminary result can be obtained by using
Cohn’s curves (23 of 1948).

621.392.26% 2426

Channel Section Waveguide Radiator—A
I.. Cullen. (Phil. Mag., vol. 40, pp. 417428,
April, 1949)) The transmission characteristics
are studied theoretically and the phase con
stant and attenuation coefficient are calcu-
lated. Simple approximate formulas are de-
duced; the validity of these has been verified
by experiment. The use of the device as a
radiator is limited because the attenuation
rate is too great for narrow beams to be ob-
tainable, and the angle between the emergent
beam and the normal to the array is rather
large

621.392.26% 2427

A Set of Second-Order Differential Equa-
tions Associated with Reflections in Rec-
tangular Wave Guides—Application to Guide
Connected to Horn—S. O. Rice. (Bell Sys.
Tech., Jour., vol. 28, pp. 136-156; January,
1949.) When a bent waveguide is conformally
transformed into a straight guide filled with
nonuniform medium, propagation may either
be studied by an integral equation method
(2428 below) or by a more general method
based upon a certain set of ordinary differen-
tial equations. The latter method is here
developed and applicd to determine the re-
flection produced at the junction of a straight
guide and a sectoral horn; this problem cannot
be solved by the integral equation method
The W KB approximation, discussed for a
single second-order differential, equation by
Schelkunoff (1570 of 1946), is extended to a
set of equations and approximate expressions
for the reflection coecfficient are derived.

621.392.261:517.54 2428

Reflection from Corners in Rectangular
Wave Guides—Conformal Transformation—
S. O. Rice. (Bell Sys. Tech. Jour., vol. 28,
pp. 104-135; January, 1949.) Approximate
expressions are obtained for the reflection
coctlicients for sharp corners by using a con-
formal transformation which replaces the bent
guide by a straight guide filled with a nonuni-
form medium. The reflection cocflicient for the
transformed system can be expressed in terms
of the solution of an integral equation, which
may be solved approximately by successive
substitutions. An explicit expression for the
reflection  coefficient can be obtained when
the corner angle is small and the corner is not
truncated. The method can be applied to other
types of irregularities in rectangular wave-
guides. Sce also 2427 above.

621.392.261:621.3.09 2429
The Effect of Openings in the Walls of
Metal Waveguides on the Wave Propagation—




- 1949

G. Klages. (Arch. Elek. (Ubertiagung), vol.
3, pp. 85-92; March, 1949.) Theory of propa-
gation in a lossless line in series with an
attenuating line is applied to discussion of the
effect of openings of various sizes. By analogy
with the theory of reflection from optically
absorbing plates, the theory of an attenuating
line is extended by the introduction of capaci-
tance and inductance variations. Small
openings in waveguide walls have no effect
either on the propagation or on the attenuation,
but with wide slits, the wavelength inside the
guide is increased and energy is radiated fromn
the slits. The results of measurements with
glits of different widths in different positions
in both closed- and open-ended rectangular
waveguides are shown graphically and dis-
cussed. The effects of parasitic waves are also
considered.

621.392.261:621.3.09 2430

Propagation of TE, Waves in Curved
Wave Guides—W. J. Albersheim. (Bell
Sys. Tech. Jour., vol. 28, pp. 1-32; January,
1949.) “TEy waves transmitted through
curved wave guides lose power by conversion
to other modes, especially to TM;.

“This power transfer to coupled modes is
explained by the theory of coupled transmis-
sion lines. It is shown that the power inter-
change between coupled lines and their propa-
gation constants can be derived from a single
coupling discriminant.

“Earlier calculations of TEeq conversion
loss in circular wave guide bends are confirmed
and extended to S-shaped bends.

“Tolerance limits for random deflections
from an average straight course are given,”

621.392.261:621.3.09 2431

A Waveguide with Phase Velocity v<c for
the E,, Wave—E. Kettel. (Frequenz, vol. 3,
pp. 73-75; March, 1949.7 Propagation theory
tor a cylindrical waveguide with equally spaced
annular partitions. A formula for the phase
velocity is derived.

621.392.261:621.396.67 2432

Open-Ended Waveguide Radiators—R. E.
Beam, M. M. Astrahan, and H. F. Mathis.
(Proc. N.E.C. (Chicago), vol. 4, pp. 472-486;
1948.) Attempts were made to broaden the
radiation pattern of open-cnded 3X1 inch
waveguide, operating at 9,375 Mc, by changing
the shape of the opening. A 90° pointed end
gave the widest pattern, but also gave a large
amount of backward radiation. The effect of
reflecting disks at various distances from the
open end, and of polystyrene slugs and prisms
within the end of the waveguide, was also
investigated.

621.392.261:621.396.671 2433
Some Properties of Radiation from Rec-
tangular Waveguides—]J. T. Bolljahn. (Proc.
I.R.E., vol. 37, pp. 017-621; June, 1949.)
Exact relationships between the radiation pat-
{ tern and impedance characteristics are de-
veloped for a waveguide with walls of infinitesi-
mal thickness. The ratio of the radiation inten-
gitics in certain preferred directions to the
power gain in those directions is simply related
to the coefficient of reflection inside the wave-
guide.

621.392.3 2434

Directional Couplers—W. W. Muinford.
(Proc. LR.E., vol. 37, p. 625; June, 1949.)
Correction to 2007 of 1947,

621.396.67 2435
A High-Gain Cloverieaf Antenna—P. H.
Smith. (Proc. N.E.C. (Chicago), vol. 4, pp.
497-504; 1948.) Design is discussed, Labora-
tory tests on @ 1/10-scale model ghow that
power gains of the order 10 to 12 can be
obtained. The antenna is suitable for omni-
directional radiation of horizontally polarized
waves, as required for FM broadcasting.

Abstracts and References

621.396.67 2436

Microwave Antennas and Dielectric Sur-
faces—R. M. Redheffer. (Jour. Appl. Phys.,
vol. 20, pp. 397-411; April, 1949.) Discussion
of the effect of placing a dielectric sheet in
front of an antenna for the following casecs:
(a) receiving antenna and plane sheet, (b)
transmitting antenna and plane sheet, (c)
transmitting antenna and cylindrical shell. In
case (a), results are explained in terms of an
equivalent antenna reflcction; phase, arbitrary
incidence, and elliptical polarization are con-
sidered. In case (b) there is inverse-instance
attenuation for a distant sheet; the ecffect
of initial antenna mismatch is investigated.
In case (c), reflection varies with angle ac-
cording to the secondary power pattern.
Formulas are given for the reflection from a
circular cylinder, a narrow strip, a corrugated
surface, or a series of strips, used with a
paraboloid antenna. Applications to radomes
and to the design of pressurizing seals arc
discussed. All results are verified experimen-
tally.

621.396.67 2437

New Principle for Broad Band Antennas—
M. W. Scheldorf and J. F. Bridges. (Tele-
Tech., vol. 8, pp. 43-44; June, 1949.) Discussion
of the characteristics of antennas consisting
of several similar elements, which may be of
different lengths, arranged in the form of a
fan and fed from a common source. A band-
width of over 10 per cent was obtained with a
symmetrical arrangement of 6 elements, the
3 pairs being of different lengths.

621.396.671 2438
Radiation Resistance of Loaded Antennas
—R. C. Raymond and W. Webb. (Jour.
Appl. Phys., vol. 20, pp. 328-330; April,
1949.) Short cylindrical antennas were loaded
by cylindrical or conical dielectric sheathe or
by metal end-disks so as to resonate at fre-
quencics below the normal values. Measured
resonance resistances are compared with
values calculated by the Poynting vector
method for assumed uniform or sinusoidal
current distribution. For a given current distri-
bution at resonance, the antenna radiation
resistance depends only on the antenna length.
Particular loading methods alter the current
distribution. Those which give more nearly
uniform current distributions yield higher
radiation resistances. See also 2439 below.

621.396.671 2439

Current Distributions on some Simple
Antennas—W, Webb and R. C. Raymond.
(Jour. Appl. Phys., vol. 20, pp. 330-333;
April, 1949.) A method of measurement is
described and measured distributions are
compared with some frequently assumed curves.
Some distributions were integrated numerically
to determine the driving-point impedances.
Deviations from curves usually assumed are
significant, but do not bring about large errors
in the calculated impedances, See also 2438
above.

621.396.671 2440

Measured Impedance of Vertical Antennas
over Finite Ground Planes—A. S. Mcier and
W. P. Summers. (Proc. LR.E., vol. 37, pp.
609-616; June, 1949.) For a ground plane of
dimensions small compared with A, the im-
pedance is a damnped oscillating function of A
and the ground-plane dimensions. Impedance
variations of —5 to — 20 per cent were found
with a circular ground plane; the corresponding
variations for a square ground plane were
about half as great, except when the ground
plane was emall. Impedance is relatively in-
dependent of antenna thickness.

At microwave frequencies, measurements
were made by a modified Chipman method
(1618 of 1939) the merite of which are com-
pared with those of thic conventional slotted-
line standing-wave method.

1221
621.396.674:621.317.34 2441
Measurements on Frame Aerials—E.

Roeschen. (Funk und Ton, vol. 3, pp. 271-277;
May, 1949.) The dependence of the effective
height of a frame antenna on the number of
turns of the winding and on the frequency is
discussed. Measurements on tuned antennas,
with and without screens, are tabulated. Screen-
ing increases the damping by about 15 per cent.

621.396.677 2442

Directional Characteristics and Radiated
Power of Directive Aerials—(Frequenz, vol.
3, pp. 152-153; May, 1949.) Long summary
of paper abstracted in 1861 of 1948 (Saxton).

621.396.677:534.232:621.316.727 2443
Applications of Phase Devices—Thiede.
(See 2454.)

CIRCUITS AND CIRCUIT ELEMENTS

538.1:621.392.261:621.396.611.4 2444

Narrow Gaps in Microwave Problems—
W. R. Smythe. (Rev. Mod. Phys., vol. 20, p.
472; July, 1948.) Correction to 2149 of Sep-
tember.

621.3(083.74) 2445

Standardization in the Armed Forces—L.
J. Tatom and H. E. Bernstein. (Tele-Tech,
vol. 8, pp. 22-23, 57; June, 1949.) An account
of the work of ASESA (Armed Services Electro
Standards Agency), with examples of econo-
mies effected, such as the replacement of 350
different crystal holders by 3 standard types,
the reduction of 10,000 different sizes and
shapes of transformer cases to 22 standard
types, etc. In collaboration with the Radio
Manufacturers Association, ASESA is re-
sponsible for the preparation of “Jan” (Joint
Army-Air-Navy) specifications for standard
components.

621.314.25 2446

A Cross-Coupled Input and Phase Inverter
Circuit—]J. N. Van Scoyoc. (Radio and Telev.
News, Radio-Electronic Eng. Supplement,
vol. 11, pp. 6-9; November, 1948.) The basic
circuit is discussed. Advantages include low
input capacitance, low sensitivity to hum and
to anode supply-voltage variations, and a large
dynamic range of input signals. Application to
a balanced amplifier for a cro, a dc tube volt-
meter, af amplifiers and tone control are con-
sidered.

621.314.3% 2447

An Analysis of Interlinked Electric and
Magnetic Networks with Application to Mag-
netic Amplifiers—I>. W. ver Planck, M. Fish-
man, and D). C. Beaumariage. (Proc. N.E.C.
(Chicago), vol. 4, p. 426; 1948.) Summary
only. A general system of nonlinear equations
is developed and applied to determine the
steady-state behavior of 6 types of magnetic
amplifier without feedback. The relationship
between current and time is determined for
given applied voltages and circuit and core
parameters. Results are confinned  experi-
mentally. Amplifiers using two scparate mag-
netic cores have important advantages over
those using a single three-legged core. See also
2448 bhelow.

621.314.31 2448

An Analysis of Magnetic Amplifiers with
Feedback—D. W. ver Planck, M. Fishman,
and D. C. Beaumariage. (Proc. N.E.C.
(Chicago), vol. 4, p. 436; 1948.) Summary
only. Two methods of obtaining feedback are
discussed, namely (a) external feedback, for
which a bridge rectifier and separate coils for
the feedback current are used, and (b) self
feedback, for which two rectifier clements are
arranged 8o that separate feedback windings
are not required. The general system of equa-
tions «liscussed in 2447 above is applied; wave
shapes and the magnitudes of the currents
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resulting from given applied voltages are ob-
tained, and results are confirmed experi-
mentally, The two methods of obtaining feed-
back have certain very similar characteristics.

621.314.31 2449

Effect of Core Materials on Magnetic
Amplifier Design—A. O. Black, Jr. (Proc.
N.E.C. (Chicago), vol. 4, pp. 427-435; 1948.)

621.314.31 2450
The Transductor—I{. B. Rex. (Instru-
ments, vol. 20, pp. 1102-1109; December,

1947.) Discussion of (a}) the transductor with-
out self-excitation, (b) the self-excited trans-
ductor under various conditions of feedback
and (c¢) the transductor with constrained mag-
netization. The article is based on papers by
T. Buchhold in Arch. Elekirotech,, 1942 to
1944, noted in 3547 of 1942, 363 of 1943, and
55 of 1944. See also 2451 below.

621.314.31:016 - 2451
Bibliography on Transductors, Magnetic
Amplifiers, etc.—H. B. Rex. (Instruments,

vol. 21, pp. 332, 362; April, 1948.) A list of 213
references, with brief notes indicating the
scope of many of the papers.

621.314.63 2452

A Practical Approach to Calculating Op-
timum Performance of Semiconductor Recti-
filers—E. D. Wilson. (Trans. AI/EE, vol. 67,
part 1, pp. 640-642; 1948, Discussion, p. 642.)
By applying Kirchhoff’s laws to a conven-
tional 4-arm rectifier bridge, an expression is
derived for efficiency in terms of the reverse
R, forward F, and load L resistances. Maxi-
mum efficiency is obtained when L*=R"- F; the
forward and reverse losses are then equal.
Efficiency versus temperature curves are given
for various current densities.

621.316.722.4 2453

Controlled Voltage Divider—S. Freedman.
(Radio and Telev. News, Radio-Electronic
Eng. Supplement, vol. 11, pp. 7-9, 29; October,
1948.) The basic circuit is discussed for a device
whose output depends only upon the ratio of
two separate voltages applied to the input,
and not on the actual values of these voltages.
The principle is applied in an AM-FM detector
in which the undesired AM signal ig eliminated
during FM reception, and vice versa.

621.316.727:621.396.677:534.232 2454

Applications of Phase Devices—H. Thiede
(Funk und Ton, vol. 3, pp. 249-255; May,
1949.) Arrangements are described for ob-
taining directional acoustic or radio beams
from a number of radiators spaced uniformly
in a straight line. The phases of the voltages
applied to consecutive transmitters differ by
an amount & which determines the direction
of the beam relative to the line of radiators.
Circuits including n crossed-coil variometers,
each connected to two of the 2» radiators,
permit cyclical variation of the phase dif-
ference d so that the beam can be swept through
a prescribed angle without varying the position
of the radiators. Typical directional charac-
teristics obtained with 8 radiators in line are
illustrated. Similar devices can be used for
reception. See also 1873 and 2738 of 1948.

621.317.71 2455

An Automatic Current Integrator—M. ]J.
Poole. (Jour. Sci. Instr., vol. 26, pp, 113-114;
April, 1949.) Circuit diagram and description
of an instrument for measuiing mean currents
ranging from 2X10™" A to 107¢ A. Arrange-
ments are included to enable counting appara-
tus recording nuclear disintegrations to be
switched on or off at exact charge intervals.

621.318.572:512.99 2456

The Synthesis of Two-Terminal Switching
Circuits—C. E. Shannon. (Bell Sys. Tech.
Jour., vol. 28, pp. 59-98; January, 1949.) A
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general discussion of the design of a 2.terminal
network with given operating characteristics.
Boolean algebra is explained and used.

621.318.572:539.16.08 2457

An Improved Quench Circuit for Geiger
Counters—E. 1. Cooke-Yarborough, C. D.
Florida, and C. N. Davey. (Jour. Sci. Instr.,
vol. 26, pp. 124-125; April, 1949.)

621.319:679.5 2458
The Electret—F. Gutmann. (Kev. Mod.
Phys., vol. 20, pp. 457-470; July, 1948,

Bibliography, pp. 471-472.) A comprehensive
discussion of properties, met hods of production,
and various theories.

621.385.832:535.767 2459

Cathode-Ray Presentation of Three-Di-
mensional Data—O. 1. Schmitt. (Jour. Appl.
Phys., vol. 18, pp. 819-829; September, 1947.)
IRE 1947 Convention paper. By means of
simple transformations easily performed elec-
trically, isometric projections or true perspec-
tive views can be obtained. The obscrver’s
viewpoint can be changed at will by turning
range, clevation, and azimuth controls. A simi-
lar but more claborate arrangement permits
the presentation of separate pictures which
are stercoscopically correct. See also 2984 of
1948 (Jams, Burtner, and Chandler).

621.392 2460

Use of a Mechanical Harmonic Synthesizer
in Electrical Network Analysis—S. L. Brown
and C. M. McKinney. (Jour. Appl. Phys.,
vol, 20, pp. 316-318; April, 1949.)

621.392 2461

The Synthesis of Electric Networks Ac-
cording to Prescribed Transient Conditions—
M. Nadler.s(Proc. 1.R.E., vol. 37, pp. 627-
630; June, 1949.) A nctwork function yielding
a prescribed transient response may be de-
termined by means of Laplace transforms. The
procedure is based directly on the prescribed
function of time, without consideration of
amplitude or delay as a function of frequency.
An example is given in which the [PPoisson-
Sticltjes integral is used for the physical realiza-
tion of a network function involving a tran-
scendental term. The limitations of existing
mathematical technique are briefly discussed.

621.392 2462

Synthesis of RC-Networks—E. A. Guille-
min. (Jour. Math. Phys., vol. 28, pp. 22-42;
April, 1949.) The nature of the transfer charac-
teristic of such networks is considered, and a
method whereby any given transfer charac-
teristic may be approached closely by means
of a physically realizable passive RC network
is discussed in detail. The synthesis procedure
is illustrated by examples.

The physical realization of the required
network is always possible in an unbalanced
form suitable for operation between con-
ventional tubes. High-quality network per-
formance does not necessarily require high-
quality coils, provided that one can compensate
for constant loss.

621.392 2463

Active Networks and the General Locus
Criterion for Stability—F. Strecker. (Frequenz,
vol. 3, pp. 78-84; March, 1949.)

621.392.4 2464

Graphical Method of Computation for Two-
Terminal Networks with Nonlinear® Resist-~
ances—G. I. Nikonov. (Avtomatika i Telemek-
hanika, vol. 10, pp. 149-156; March and
April, 1949. In Russian.)

621.392.41:518.43 2465

Method of Integration by Successive
Points (Step-by-Step Method) Applied to
Electrical Circuits—G. Gillon. (Rev. Gén. Elec.,
vol. 58, pp. 192-198; May, 1949.) A method
allowing simple calculation of transients in

October

circults comprising resistance, inductance, and
capacitance.  The approximation is good
enough for plotting current and voltage curves
and can be applied to circuits whose elements
are variable or to complex circuits of the
multiple-reactance type which lead to charac-
teristic equations of high order.

621.392.43 2466

Broad-Band Dissipative Matching Struce
tures for Microwaves—I{. J. Carlin. (Proc,
1.LR.E., vol. 37, pp. 644-0650; June, 1949)
Microwave network functions are studied by
means of interpolation in the complex plane.
A rational function can thus be found which
approximates to a given network function over
a specified bandwidth. A lumped-circuit ap-
proximation for a microwave structure can be
deduced and used for the synthesis of matching
networks. Where dissipative devices are in-
volved, the poles of the rational approximating
function may satisty special conditions, in
which case the ideal lumped matching network
can be realized and transformed into a suitable
microwave structure. Applications of this
method and experimental results are given for
the synthesis of a new type of broad-band
coaxial “chimney” attenuator.

621.392.5 2467

Foundations of the General Theory of the
Linear Quadripole—I:. V. Zclyakh. (Auwvio-
matika § Telemeknanika, vol. 10, pp. 135-148;
March and April, 1949. In Russian.)

621.392.52:537.228.1 2468

Crystal Filters Using Ethylene Diamine
Tartrate in Place of Quartz—E. S. Willis.
(Trans. AIEE, vol. 67, part 1, pp. 552-556;
1948.) Peiformance is comparable to that of
quartz filters. See also 2215 of 1948, for which
the above Universal Decimal Classification is
preferable, and 2529 below.

621.392.52:621.392.26t 2469

Analysis of a Wide-Band Waveguide
Filter—S. B. Cohn. (Proc. L.LR.E., vol. 37,
pp. 6531-656; June, 1949.) A rectangular wave-
guide structure consisting of a series of con-
strictions and cavities is shown to have the
properties of a wide-band flter. The lower
cutoff frequency of the lowest-frequency pass

* band is due to the cutoff property of the

waveguide itself. The upper cutoff frequency
of this band is due to the discontinuitics. Exact
equations for the image parameters are de-
rived, assuming no dissipation in the filter
sections; full aillowance is made for the dis-
continuities and their interaction. Formulas
are incidentally obtained for the equivalent
circuits of cavities formed (a) by two changes
in height, (b) by an increase in height followed
by a short-circuiting wall, and for the hypo-
thetical case of a cavity in which an increase
in height is followed by an open-circuiting
wall. The analysis for (b) can be used to
obtain an improved solution for a ridged
waveguide.

621.392.52:621.395.625.2 2470

Crossover Filter for Disc Recording Heads
—H. E. Roys. (Audio Eng., vol. 33, pp. 18-21;
June, 1949.) Description of a practical device
designed to compensate for variations in cutter
characteristics, both at the transition fre-
quency and at the high-frequency end of the
spectrum.

621.392.52:621.396.65 2471

Filters for a 150-K¢ Carrier System—R. C
Taylor. (Trans. AIEE, vol. 67, part 1, pp.
583-588: 1948.) Description of the filters used
in the system discussed in 2637 below.

621.396.611.1 2472

Conditions for the Reproducibility of
Properties and Parameters of Oscillatory Sys-
tems—M. Pisler. (Frequenz, vol. 3, pp. 76-78;
March, 1949.)
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621.396.611.1:621.317.6:621.396.645 2473

The Response of a Tuned Amplifier to a
Signal Varying Linearly in Frequency—W. H.
Hamilton. (Proc. N.E.C. (Chicago), vol. 4,
pp. 377-396; 1948.) A mathematical analysis
uging the solution obtained from a differential
analyzer for the integal

U(2m.n)=’2rfnc”"' cos ¥ dy
(]

and a similar integral involving sin »%. A
response versus time curve is obtained for
various values of the parameter y={Xband-
width, ¢ being the interval during which the
frequency of the input signal is within the half-
power bandwidth of the tuned circuit. A
curve of signal-to-noise ratio as a function of
v is included. Results for a 456-kc amplifier
are shown graphically. See also 670 of March
(Barber and Ursell) and 671 of March (Hok),

621.396.611.21 2474

The Theory of a Self-Oscillator with a
Quartz Crystal—S. 1. Evtyanov. (Radio-
tekhnika (Moscow), vol. 4, pp. 27-40; January
and February, 1949. In Russian.) The quartz
crystal is connected between the grid and fila-
ment. A vector method is used in the analysis.
The condition for self-excitation is established
and formulas are derived for determining the
amplitude of steady-state oscillations and the
frequency change corresponding to a change
in the tuning of the anode circuit. The stability
of steady-state operation is examined; when
the tuning of the anode circuit is altered a
hysteresis effect takes place in the oscillatory
process.

621.396.611.3:621.396.619.13 2475

The Application of Coupled Systems with
Distributed Constants to Frequency Modula-
tion in the Ultra-High-Frequency Range—
V. A. Tolstikov. (Radiotekhnika (Moscow),
vol. 4, pp. 69-74; Marclr and April, 1949, In
Russian.) Modern FM methods for meter
waves require manifold frequency multiplica-
tion even for sound broadcasting and it is
doubtful whether these methods can be used at
higher frequencies. Experiments swere, there-
fore, conducted to show the effect of a second-
ary system with distributed constants on the
frequency and amplitude of oscillations in a
self-exciting system with distributed constants
(Fig. 1). These experimnents are discussed. It
is possible, in principle, to obtain direct modu-
lation of the carrier of sufficient depth without
using frequency multiplication.

621.396.611.4:621.392.26% 2476
Tunable Waveguide Cavity Resonator for
Broadband Operation of Reflex Klystrons—W.
W. Harman. (Proc. N.E.C. (Chicago), vol.
4, pp. 233-252; 1948.) A study of the design
of broad-band resonators (2 to 1 tuning range)
for use with reflex klystrons of the external-
cavity type. Two grouns are considered: (a)
A/4 or fundamental-mode resonators, whoge
high-frequency limit is set by the physical
{ gize of the tube envelope, (b) 3)\/4 resonators,
which allow operation up to the electronic
limit of the tube.

621.396.611.4.029.64/.651 2477
Modified Cavity Oscillator for the Genera-
tion of Microwaves—G. G. Bruck. (Jour.
Appl. Phys., vol. 18, pp. 843-844; September,
1947.) The cavity congists of two coaxial
cylinders and two end-plates. The inner
cylinder has n longitudinal slots. Electrona can
be made to describe circular orbits between the
cylinders by applying a positive potential to
the inner one. No magnetic ficld is required.
Because of progressive sorting, n-electron
clauda are formed. The cathode and accelerat-
ing grid are both parallel to the cylinder axis.
 The voltage on the accelerating grid is so
related to the potential difference between
the cylinders that orbits are initially circular.
Microwave power is extracted from the inner
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cavity. High output should be obtainable at
frequencies above 30 kMc; this type of oscil-
lator is thought capable of working at 100
kMc or higher.

621.396.615 2478

An Extremely Wide Range Electronically
Deviable Oscillator—M. E. Ames. (Proc.
N.E.C. (Chicago), vol. 4, pp. 397-405; 1948.)
For another account see 2177 of September.

621.396.615 2479

Single-Sideband Generators—E. L. Wat-
kins. (Radio and Telev. News, Radio-Elec-
tronic Eng. Supplement, vol. 11, pp. 7-9, 31;
December, 1948.) A pair of balanced modu-
lators in a phase rotation system can be used
to give single-sideband output.

621.396.615.029.64 2480

The Self-Excitation of a Triode Oscillator
Loaded by a Line with Distributed Constants,
at Microwave Frequencies—V. A. Zore. (Zh.
Tekh. Fiz., vol. 19, pp. 570-577; May, 1949. In
Russian.) The theory of Gvozdover and Zore
(999 of May) is applied to the case of a triode
oscillator loaded with a length of coaxial or

- 2-wire transmission line (Fig. 1). The operation

of the oscillator is discussed and formulas
(8) and (9) determining respectively the fre-
quency and the condition of gelf-excitation are
derived. The effect of the transit time of elec-
trons on the condition for self-excitation is
examined in detail and methods are indicated
for determining the minimum wavelength that
can be generated by the oscillator.

621.396.615.17 2481

An Improved Regenerative Frequency
Standard Application—F. E. Wyman. (Proc.
N.E.C. (Chicago), vol. 4, pp. 406-413; 1948.)
This arrangement uses two tuned circuits in the
mixer. It has a high division ratio (10 to 1),
requires no voltage-regulated power supply,
and has satisfactory self-starting and locking
qualities.

621.396.619 2482

Contribution to the General Theory of
Modulation and Demodulation for Any Type
of Characteristic—0O. Heymann, (Arch. Elek.
(Ubertragung), vol. 3, pp. 73-79; March, 1949.)
The given characteristic is represented by a
Fourier double integral; the tube output
voltage can then be obtained directly as a
Fourier series. The coefficients of this series
are definite integrals whose integrands are
given by the characteristic itself and two
additional elementary functions. The form of
the constant term of the series is particularly
simple, This fact is very important in applica-
tions of the theory, since it enables the low-
frequency behavior to be presented clearly
and facilitates numerical evaluation. Two
examples illustrate the usefulness of the general
formulaa.

621.396.621 2483

Wideband Frequency-Discriminator De-
sign—V. C. Rideout. (Proc. N.E.C. (Chicago),
vol. 4, pp. 414-424; 1948.) An analysis of the
ordinary tranaformer-coupled frequency dis-
criminator for the shunt-loaded case. For a
slightly modified form of discriminator, the
regponse can be calculated even for cases
where the bandwidth is a large percentage of
the center frequency. The output voltage
passes through zero at a frequency above the
transformer mid-frequency; improvement in
linearity can, therefore, be better effected by
detuning than by overcoupling of the trans-
former,

621.396.645 2484

A Concise Theory of Aperiodic Amplifiers—
B. A. Khanov. (Radiotekhnika (Moscow), vol.
4, pp. S7-68; March and April, 1949. In
Russian.) In studying the operation of a low-
frequency amplification stage, it Is customary
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to consider three different equivalent circuits
corresponding respectively to the lower, middle
and upper frequencies of the bandwidth and
to derive three separate equations for the
frequency and phase characteristics of the
stage. A single formula is here derived con-
taining a minimum number of generalized
parameters and describing in the simplest
manner the characteristics of the main types
of amplification circuits. The results obtained
are tabulated.

621.396.645 2485

The Chain Amplifier—H. Feigs. (Funk
und Ton, vol. 3, pp. 291-301; May, 1949.)
The principles and mode of operation of distrib-
uted-amplification circuits are considered.
The grid-to-cathode capacitances of the ampli-
fier tubes on the one hand, and the anode-to-
cathode capacitances on the other hand, form
the cross capacitances of balanced transmission
lines and are uniformly distributed along their
length. The amplification and frequency char-
acteristics of this type of amplifier are calcu-
lated from transmission-line theory; they are
not subject to the limitations of the usual
type of amplifier. A uniform frequency-re-
sponse curve can be obtained from 0 to 200
Mec, using ordinary tubes, The upper frequency
limit is determined solely by the unavoidable
grid loading of the tubes. See also 3375 of
1948 (Ginzton et -al.).

621.396.645 2486

A New Type of High-Frequency Amplifier—
J. R. Pierce and W. B. Hebenstreit. (Bell
Sys. Tech. Jour., vol. 28, pp. 33-S1; January,
1949,) Amplification is obtained by means of
an electromechanical interaction within the
electron flow, which consists of two streama
with different average velocities. When the
currents or charge densities of the two streams
are sufficient, the streams interact to give an
exponentially increasing wave. Conditions for
and the gain of an increaging wave are de-
termined for a particular geometry of flow.

Advantages include: (a) the electron flow
need not pass close to complicated circuit
elements, (b) for a sufficiently great length of
electron flow, amplification can be obtained
even though input and output circuits have
very low impedance or poor coupling to the
electron flow, and (¢) close synchronism be-
tween an electron velocity and a circuit-wave
velocity is not essential. See also 2487 below.

621.396.645 2487

Experimental Observation of Amplification
by Interaction between Two Electron Streams
—A. V. Hollenberg. (Bell Sys. Tech. Jour.,
vol. 28, pp. 52-58; January, 1949.) Discussion
of the construction and performance of the
amplifier used, which has identical input and
output helices connected identically to a co-
axial line several wavelengths long between
the helices. Concentric tubular electron streams
originate at the ring-shaped emitting surfaces
of the two cathodes, pass through their respec-
tive control grids, and then through a common
accclerating grid. An axial magnetic field of
about 700 gauss is applied to maintain the
definition of the streams. The gain produced
depends on a difference in velocity between the
two streams. The signal is impressed on the
inner stream by the helix when its velocity is
that at which traveling-wave amplifier inter-
action between the stream and helix occurs,
The outer strcam travels at a lower velocity.
A gain of 33 db at a center frequency of 2SS
Mc was observed, with bandwidth of 110 Mc
between 3-db points. The gain at 240 Mc
estimated from theory is 40 db. The theory of
Pierce and Hebenstreit (2486 above) is thus
qualitatively confirmed, though the actual
conditions in the amplifier differ from the
theoretical assumptions.

621.396.64S 2488
Theory of the Superregenerative Amplifier

s
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—L. Riebman. (Pxoc. I.R.E,, vol. 37, p. 608;
June, 1949.) Corrections to 1627 of July.
621.396.645 2489

Transient Response of Cathode Followers
in Video Circuits—B. Y. Mills. (Proc. 1.LR.E,,
vol. 37, pp. 631-633; June, 1949.) The effect
of irregular radar or television video signals
on cathode-follower circuits is analyzed. The
maximum signal amplitude which can be
handled by a cathode follower may be reduced
if it has a capacitive load. A general formula
determining the reduction is given and its
bearing on design procedure is discussed.

621.396.645 2490

New Developments in Preamplifiers—C. J.
LeBel. (Audio Eng., vol. 33, pp. 9-12, 35;
June, 1949.) A comprehensive discussion of the
advantages of subminiature design techniques.

621.396.645:621.317.72 2491
D.C. Amplifier Stabilized for Zero and

Gain—Williams, Tarpley, and Clark. (See
2563.)
621.396.645:621.385.029.63/.64 2492

A Note on Filter-Type Traveling-Wave
Amplifiers—Pierce and Wax. (See 2668.)

621.396.645:621.392.52 2493

Single-Circuit and Optimally Coupled
Band Filters in Amplifiers—A. Lennartz.
(Funk und Tom, vol. 3, pp. 265-270; May,
1949.) Discussion shows that, in general, the
symmetrical 2-stage band filter with optimum
cougling is preferable, giving the greater ampli-
fication.

621.396.645:621.392.53 2494

Investigations on Path-Time Distortion in
Carrier-Frequency Amplifiers—G. Schaffstein.
(Frequenz, vol. 3, pp. 125-135; May 1949.)
Theoietical discussion and experimental re-
sults for directly transmitted signals show that
the distortion can be largely reduced by the
use of linear compensation networks with
cross-connected members. Conditions for car-
rier transmission with a low degree of modula-
tion resemble those for direct transmission, and
similar compensation methods can be used
With a high degree of modulation, however,
the resuiting nonlinear distortion can only be
eliminated by special methods. A circuit is
described which, in spite of the relatively
small bandwidth of the carrier-frequency am-
plifier, possesses a good frequency charac-
teristic without path-time distortion, so that
in pulse transmission, a symmetrical output
pulse can be obtained without appreciable
broadening at the base.

621.396.645.37 2495

Single-Stage Feedback A.C. Amplifier—W'.
Geyger. (Funk und Ton, vol. 3, pp. 278-285;
May, 1949.) Discussion of the cathode-follower
circuit with (a) current feedback, (b) voltage
feedback, and (¢) mixed current and voltage
feedback, with formulas for the load current,
output voltage, and gain.

621.396.828 2496

Circuit Design for Reduction of Hum—A.
F. Dickerson. (Proc. N.E.C. (Chicago), vol.
4, p. 425; 1948) Summary only. The chief
sources of hum are electrotnagnetic fields,
electrical leakage, badly arranged input-circuit
wiring, and cathode-heater leakage current.
Hum in high-frequency local oscillators is also
discussed. Practical remedics are suggested,
but no single device can climinate all types of
hum.

GENERAL PHYSICS

$37.1:512.9 2497
Tensors and Electricity—Bouthillon. (See
2541.)

537.52:538.569.029.5/.6 2498
Experimental Investigations on the High-

PROCEEDINGS OF THE I.R.FE.—Waves and Electrons Section

Frequency Discharge—M. Chenot. (Ann.
Phys. (Paris), vol. 3, pp. 277-373; May and
June, 1948. Bibliography, pp. 373-375.) A
comprehensive research. Evidence is given of
the existence of wave-propagation phenoinena
in the motion of charged particles in discharge
tubes; the propagation velocity is determined
from measurements of the standing waves ob-
tained with suitable excitation. A tentative
theory of the observed effects is discussed.

Results are given for the voltage at which
a discharge suddenly occurs in Hgs, using fre-
quencies from 1 to 75 Mc and pressures from
10~ mm to 1.5 :nm Hg. The curves extend the
results of other workers concerning the exist-
ence of abrupt variations of the sudden-dis-
charge voltage. The dimensions and arrange-
ment of the electrodes are of fundamental
importance. Empirical relations are established
between the various factors determining the
amplitude of the abrupt voltage variation; a
possible explanation of the effect is suggested.
See also 1932 Abstracts, Wireless Iing., p.
217 (Gutton and Beauvais).

537.523.3 2499

Point-to-Plane Impulse Corona—D. B.
Moore and W. N. English. (Jour. Appl. Phys.,
vol. 20, pp. 370-375; April, 1949.) Corona
characteristics were investigated for both
positive and negative square pulses of 1 or
2 usec. duration, voltage up to 12 kv, and
repetition frequency 50 to 2,000 per second.
Typical photographs are included and results
discussed. See also 2225 of 1948 (Loeb and
English).

537.525 2500

Starting Potentials of Electrodeless Dis-
charges—E. W. B. Gill and A. von Engel.
(Proc. Roy.»Soc. A, vol. 197, pp. 107-124;
May 11, 1949.) Discussion of measurements of
the starting field at pressures between 0.2
mm and 350 mm Hg in H, N, Ne, D, and He
at wavelengths between 5 meters and 2 km in
vessels of diffcrent <izes and of different types
of glass. The starting field rises slowly and
continuous.y with X until a kind of cutoff
yecurs, caused by the growing amplitude of
electron oscillations and the corresponding
rise of wall losses. In N, H, and D, the sharp
cutoff persists up to the highest pressure used.
The cutoff extends over a considerable wave-
length range in Ne at pressures above 0.2 mm
Hg and 1n He above 0.5 mm Hg. Part 1,
1906 of 1948,

537.533.8 2501

Secondary Electron Emission—H. Salow.
(Fernmeldetech. Z., vol. 2, pp. 161-165; June,
1949.) Discussion of fundamental phenomena,
dependence on the physical condition of metal
surfaces, emission powers of compounds (in-
cluding semiconductors, insulators, and aggre-
gated layers). and angular energy distribution

with a qualitative explanation of the ex-
perimental results.
538.541.029.64 2502

Effect of Surface Roughness on Eddy
Current Losses at Microwave Frequencies—S
P. Morgan, Jr. (Jour. Appl. Phys., vol. 20,
pp. 352-362; April, 1949.) The power dissipa-
tion in a metallic surface having regular parallel
grooves whose dimensions are comparable to
the eddy-current skin depth is investigated the
oretically.

538.566.2 2503

Reflection and Transmission of Electro-
magnetic Waves by a Spherical Shell—}. B.
Keller and J. B. Keller. (Jour. Appl. Phys.,
vol. 20, pp. 393-396; April, 1949.) Exact
explicit expressions are obtained for the field
of a radiating periodic point-dipole located
in medium 1 at the center of a spherical shell
of medium 2, which is bounded by medium 3.

October

The values of ¢ u, o, and the shell radii are
arbitrary. The reflected and transmitted fields
are examined for various special cases and
results compared with those of other workers,

538.569.4:543/545

Microwave Spectra and Chemical Analysis
—B. P. Dailey. (Anal. Chem., vol. 21, pp. 540~
544; May, 1949.) The relevant principles of
molecular dynamics are discussed. The relative
merits of the microwave spectrometer, the mass
spectrometer, and infrared instruments for
chemical analysis are considered.

538.569.4.029.64+ 537.226.2]: 546.212 2505

Absorption of 12.5-mm Wave-Length Elec-
tromagnetic Radiation in Supercooled Water—
J. A. Saxton and J. A. Lane. (Nature (London),
vol. 163, pp. 871-872; June 4, 1949.) Measure-
ments have been made for layers of various
thicknesses up to several millimeters; the lowest
water temperature so far reached is —7° C.
The water completely filled a cylindrical wave-
guide 24 mm in diameter over a portion of its
length and the resulting attenuation was
measured, using only the Hj; wave. The wave-
guide was lined inside with glass and the probe
covered with a glass sheath. The absorption-
coefficient versus temperature curve is shown.
See also 1913 and 1914 of 1948 (Saxton).

548.0:537:539.16.08 2506

Crystal Counters: Part 1.—R. Hofstadter.
( Nucleonics, vol. 4, pp. 2-27; April, 1949.
Bibliography, p. 27.) A comprehensive review.
The theory of operation is outlined; important
parameters are evaluated and the effect of
impurities and faults in crystals is examined.
Polarization effects, including those due to
B-particles and penetrating radiation, are con-
sidered. Materials known to be capable of
detecting single ionization events are AgCl,
AgBr, C (diamond), ZnS, T1Br-Til, CdS, and
solid and liquid Ar. Some relevant charac-
teristics are given. No alkali halide has yet
been successfully used as a counter.

Experimental techniques for the production
of crystals and for their use as counters are
described.

Advantages claimed for crystal counters
are: (a) small size, (b) high stopping power,
(c) low resolving time, and (d) better conver-
sion of ion pairs than in a gas. At present,
difficulties are encountered due to crystal
strains, polarization effects, variationsin count-
ing efficiency in different regions within the
same crystal, annealing procedures, and the
requirements for operation at low temperatures.
Part 2, 2507 below.

548.0:537:539.16.08 2507

Crystal Counters: Part 2—R. Hofstadter.
( Nucleonics, vol. 4, pp. 29-43; May, 1949.
Bibliography, p. 43.) Two fundamental quanti-
ties for crystal counters are (a) the electron
mobility of the crystal, (b) the energy per ion
pair. Experimental measurements of (a) can
be compared with theory, but this is not yet
possible for (b). Experimental results con-
cerning polarization for various types of
counter material are discussed. No general
criterion can yet be formulated to distinguish
materials which can be used as counters from
those which cannot. Some crystals which
appear to be single are actually mosaic; this
together with various properties briefly dis-
cussed, may explain the behavior of particular
crystals. The high stopping power of crystal
counters leads to good linearity, especially for
energetic particles. At present the bulky and
complicated apparatus required for use with
large silver or thallium halide crystals, which
require low temperatures and annealing, is a
serious disadvantage, but the discovery of a
new room-temperature counting material
would radically change the situation. For small
detectors, little improvement upon diamond or
CdS is to be expected. Part 1, 2506 above.
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SEOPHYSICAL AND EXTRATERRESTRIAL
PHENOMENA
1$23.53:621.396.9 2508

The Diffraction of Radio Waves from
“Meteor Trails and the Measurement of
“Meteor Velocities—]. G. Davies and C. D.
Illyett. (Phil. Mag., vol. 40, pp. 614-626;
fune, 1949.) Automatic equipment, using pulse
.echnique, is described for recording photo-
graphically the reflected amplitude of radio
wxaves from meteor trails in time intervals of
.he order of milliseconds. Fluctuations in
eflected amplitude like those associated with
she diffraction of light at a straight edge are
axpected theoretically. Such fluctuations are
associated with many meteor echoes, and the
velocity of individual meteors can be deduced
from the experimental results. Velocity meas-
urements for meteors from known showers
agree with earlier photographic and visual
measurements. Sce also 3101 of 1948.

523.72+523.854]:621.396.822 2509

Radio Astronomy-—C. R. Burrows. (Sci.
Mon., vol. 68, pp. 299-304; MNay, 1949.)
Elementary discussion of: (a) the frequencies
at which rf astronomical observations are
possible, (b) the main differences in the re-
quirements for radio telescopes and for com-
munication receivers, (¢) the variation of solar
apparent temperature with frequency, and
(d) galactic radiation, ans the location of its
chief sources.

523.72:621.396.822 2510

Some Observations on Solar Noise—Chief
Engineer's Branch, General Post Office, Wel-
lington. (N.Z. Jour. Sci. Tech., vol. 29,
Section B, pp. 140-141; November, 1947.)
Discussion of observations made at Awarua
during a period of high sunspot activity in
February, 1946, at frequencies between 6.7
and 25.6 Mc. Simultaneous direction-finding
observations prove conclusively the solar origin
of the noise. Some of the noise surges lasted
as long as one minute and reached high signal
intensities.

523.72.029.63:523.746:621.396.822 2511

Relation between Decimetre-Wave Solar
Radiations and Sunspots—]. F. Denisse.
(Compt. Rend. Acad. Sci. (Iaris), vol. 228, pp.
1571-1572; May 16, 1949.) The correlation
coefficient between sunspots and the 10.7-cm
solar radiations observed by Covington (2513
of 1948) shows a progressive increase according
a8 comparison is made with (a) the relative
sunspot number N, (b) the sum ZA of the
areas of the spots, and (c) the daily index
S Hp/ A, where 1o is the maximum magnetic
firld of a spot of arca A, The correlation cocffi-
cients are respectively (a) 0.53, (b) 0.76, and
(c) 0.87.

523.75 2512

Solar Flares and their Terrestrial Effects —
M. A. Ellison. (Nature (I.ondon), vol. 163,
pp. 749-753; May 14, 1949.) Substance of
lecture to the Cavendish Laboratory Radio
Section. Flares occur within a radius of 108 kin
of a visible sunspot, and most frequently be-
tween the leading and following elements of a
bipolar group. The largest flares sometimes ob-
scure the largest sunspots. An intense flare
usually occurs as a brief flash of radiation
followed by a slow decay. The developiment
curve of such a flare is correlated with the
corresponding  observations of radio noise.
Iimmediate effects, due mainly to ultraviolet
radiations, include gromagnetic crochets, fad-
ing of short-wave signals, and anomalous
changes in the phase of long waves due to
changes in D-layer ionization. Delayed effects,

'thuc to particles, include geomagnetic storms

.
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and abnormal cosmic radiation. T he theoretical
work of Giovanelli (2230 of 1948 and 376 of
March) and of Unstld (2217 of September) is
briefly mentioned.
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551.510.5:621.396.9 2513
Radar as an Aid to the Study of the At-
mosphere—Jones. (See 2526.)

551.510.52:538.566 2514

On the Internal Reflection of Electro-
magnetic Waves in a Stratified Medium.
Application to the Troposphere—Eckart and
Kahan. (See 2605.)

551.510.535 2515
The Reliability of Ionospheric Height
Determinations—I.. A. Manning. (Proc.
I.LR.E., vol. 37, pp. 599-603; June, 1949.)
Continuation of 725 of 1948, Uncertainties in
determinations of electron distribution based
on virtual-height data are discussed. The
effect of an assumed distribution between two
layers upon the upper-layer form is investi-
gated. A method is given for evaluating the
maximum error in height determination.

551.510.535 2516

Critical-Frequency Difference Variations
and the Poynting Vector in the Ionosphere—
J. C. W. Scott. (Nature (London), vol. 163,
-p. 993; June 25, 1949.) The variations in the
f#—fo critical frequency difference noted in
717 of April can be explained in terms of a
diurnal expansion and contraction of the F
layer.

551.510.535 2517

Short-Period Variations in the Ionosphere
—G. H. Munro. (Nature (London), vol. 163,
pp. 812-814; May 21, 1949.) Correlation of
(W', f) records with the observations noted in
1664 of July establishes that the effects in
question are due to local fluctuations in F-layer
ionization, which show both a downward
vertical and a horizontal progression. Results
obtained on June 22, 1948, are shown graph-
ically and discussed.

551.510.535 2518

The Ionosphere over Mid-Germany in
March 1949—Dieminger. (Fernmeldetech. Z.,
vol. 2, p. 157; May, 1949.) Continuation of
1661 of July and 1934 of September. On
various specified dates, the limiting frequencies
were from 10 to 35 per cent below the normal
value. Sce also 2519 below.

551.510.535 2519

The lonosphere over Mid-Germany in
April 1949—Dieminger. (Fernmeldetech. Z.,
vol. 2, p. 172; June, 1949.) Continuation of
2518 above. In April, the change from winter
to summer ionosphere conditions was com-
pleted. Disturbances and abnormal values of
critical frequency are noted.

551.510.535:621.396.11 2520
The Analysis of Ionospheric Reflections:
Part 2—de Voogt. (See 2600.)

551.594:523.78“1949.04.28" 2521

Observations of the Atmospheric Electric
Field during the [partial] Solar Eclipse of
28th April 1949—]. Rouch. (Compt. Rend.
Acad. Sci. (Parig), vol. 228, pp. 1547-1549;
May 16, 1949.) Ficld measurements in Monaco
with a Wulf bifilar clectrometer hefore, during,
and after the eclipse are plotted, together with
results for the samme period on the following
day. Before the eclipse started, the ficld
strength was about normal for the scason,
with a value of 100 to 200 volts per meter. In
the three-quarter hour before the  eclipse
started, the field increased to 720 volts per
moter. It remained high during the whole of
the eclipas, with a peak reading> 850 volts
per meter; after the eclipse, it oncillated
around 550 volts per meter, On the following
day, there was a fairly regular increase from
200 volts per meter to SO0 volta per meter,
The mean value for the month of April is 300
volte per meter and no values as high as 600
volts per meter were reached. A marked in-
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crease of the electric field was also observed
during the eclipse of April 8, 1921. The random
variations of the field are, however, so fre-
quent and sometimes go large that it is possible
for the large field increases observed, both in
1949 and 1921, to be chance coincidences.

551.594.5 2522

Auroral Displays at Saskatoon—W. Petrie,
P. A. Forsyth, and E. McConechy. ( Nature
(London), vol. 163, p. 774; May 14, 1949.)
Brief description of intense displays observed
during the nights of January 24 and 25, 1949,
and February 21 and 22, 1949. All auroral
forms were present at sume time during
both displays. A large sunspot group passed
the solar meridian on January 22, 1949,
and was present, though reduced in size, on
February 21, 1949.

LOCATION AND AIDS TO
NAVIGATION

534.88:623.96 2523

An  Electroacoustical System—E. A.
Walker. (Trans. AIEE, vol. 67, part 1, pp.
35-40; 1948. Discussion, pp. 40-41.) The
location of torpedoes lost in firing tests is
discussed. An ultrasonic generator is fitted in
the torpedo and the signal is detected by a
portable hydrophone capable of giving the
approximate bearing and depth of the source.
The simple magnetostriction generator is
driven by two 3QS5-GT tubes, used as master
oscillator and power amplifier, and produces a
signal audible above background noise at
1,000 yards. Power is obtained from storage
batteries.

621.396.9 2524

Radar—E. G. Schneider. (Bull. Schweiz.
Elektrotech. Ver., vol. 39, pp. 192-196, 251-
256, 290-291, 313-316, and 343-344; March
20 to May 15, 1948.) Translation into German
of an article noted in 3285 of 1946.

621.396.9:523.53 2525

The Diffraction of Radio Waves from Me-
teor Trails and the Measurement of Meteor
Velocities—Davies and Ellyett. (See 2508.)

621.396.9:551.510.5 2526

Radar as an Aid to the Study of the At-
mosphere —F. E. Jones. (Jour. R. Aero. Soc.,
vol. 53, pp. 433-442; May, 1949. Discussion,
pp. 442-448.) Radai is being used (0 investigate
precipitation, to detect clouds dangerous to
flying, and to measure cloud height and wind
velocity. Techniques are being developed for
measuring pressure, temperature, humidity,
and atmospheric density in the upper air.

621.396.933(94) 2527

Operational Trials of the Australian Dis-
tance-Measuring Equipment and Multiple-
Track Radar Range—]. G. Downes. (Proc.
1.R.E. (Australia), vol. 9, pp. 10-21; April,
1948. Discussion, pp. 21-23.) The desirable
features of short-range navigational aids for
civil aircraft are discussed. The two equips
ments are briefly described. The DME is a
heacon interrogator operating on 200 Mc and
the presentation is on a meter with scales of
0 to 12 and 0 to 120 miles. The MTR is a
hyperbolic navigation system uking two syn-
chronized pulse transmitters, operating on 212
Mc and a relatively short clistance apart, 8o
that the hyperbolic track system is nearly
radial, The presentation consists of track
numbers indicated on a meter.

The results of operational testa during
regular flights between Melbourne and Sydney
are fully described. Three ground stations
were used, but the coverage was not complete
over the 450-mile path,

MATERIALS AND SUBSIDIARY
TECHNIQUES

$31.788.7 2528
An Investigation on Hot-Wire Vacuum
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Gauges: Part 3—H. von Ubisch. (Ark. Mat.
Astr. Fys., vol. 36, part 1, Section A, 14 pp.;
January 21, 1949, In English.) Part 1, 436 of
1948. Part 2, 731 of April.

537.228.1 2529

Design and Performance of Ethylene Di-
amine Tartrate Crystal Units—J. P. Giiffin
and E. S. Pennell. (Trans. AIEE, vol. 67,
part 1, pp. 557-560; 1948.) A general discus-
sion, including comparison with corresponding
quartz crystal units. See also 740 of 1948
(Mason) and 2468 above.

537.228.1:548.5 2530

Growing Crystals of Ethylene Diamine
Tartrate—A. C. Walker and G. T. Kohman.
(Trans. AIEE, vol. 67, part 1, pp. 565-570;
1948. Discussion, p. 570.) A gencral account
of the apparatus used and of the process of
growth,

537.312.62 2531

Properties of CbN at Radio Frequencies—
J. V. Lebacqz and D. H. Andrews. (Proc.
N.E.C. (Chicago), vol. 4, pp. 11-23; 1948))
When modulated rf signals are applied across
a strip of CbN at its transition temperature,
an af voltage at the modulation frequency
appears at the terminals. Experimental ap-
paratus is described and results are discussed
A partial explanation based on the rapid change
of resistance with current at certain tein-
peratures is given. See also 3853 of 1947
(Andrews and Clark) and 3135 of 1948 (Le-
bacqz).

546.212-16:621.3.011.5.029.64 2532

The Dielectric Properties of Ice at 1.25
¢m Wavelengch—]J. Lamb and A. Turney.
(Proc. Pnys. Soc., vol. 62, pp. 272-273; April 1,
1949.) The permittivity remains approxi-
mately constant at 3.18 between 0° C and
—200° C. The value of tan é falls continuously
with decreasing temperature. Any further
dipole relaxation, apart trom that giving a
loss maximum at about 10° cps is unlikely. A
large atomic polarization may account for
the high value of the permittivity,

546.431.82 2533

Barium Titanates as Circuit Elements—A.
I. Dranetz, G. N. Howatt, and J. W. Crown-
over. (Tele-Tech, vol. 8, pp. 29-31, 55, 28-30,
57 and 36-39, 53; April to June, 1949.) Dis-
cussion of the dielectric and piezoelectric
properties of BaTiO; ceramics, modern pro-
duction methods, and applications.

546.431.82 2534

High Indices of Refraction of Barium
Titanate and other Heteropolar Titanium
Compounds—J. H. van Santen and F. de
Boer. (Nature (lL.ondon), vol. 163, pp. 957-
958; June 18, 1949.) A tentative explanation in
terms of molecular structure and electronic
polarization.

621.315.61:621.396.662.029.64 2535

Attenuator Materials, Attenuators and
Terminations for Microwaves—G. K. Teal,
M. D. Rigterink, and C. J. Frosch. (Trans.
AIEE, vol. 67, part 1, pp. 419-428; 1948.)
A similar but shorter paper was abstracted in
1691 of July.

621.315.612 2536

Ceramic Materials with a High Dielectric
Constant—E. J. W. Verwey and R. D. Biigel.
(Philips Tech. Rev., vol. 10, pp. 231-238;
February, 1949.) Theoretical reasons are given
for the high value of the dielectric constant
e of TiOy (rutile). The effect of impurities in
reducing the value of ¢ and varying its tem-
perature coefficient is discussed. Admixture
of MgO in suitable proportion gives a material
for which e is 12 to 18, temperature coefficient
a is practically zero and tan & is 107 at 1,000
cps. For a mixture of 85 per cent CeO; and
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15 per cent TiOs, €740, a is roughly zero
and tan == 8X10™* at 1,000 cps. ZrO; can also
be used to obtain a material with a about
zero. As with other mixtures, the values of
¢, & and tan & depend on the proportion of

Zr0,.

621.315.612.011.5 2537
Development and Properties of Some
Ceramic Dielectrics—G. R. Shelton, E. N.

Bunting, and A. S. Creamer. (Proc. N.E.C.
(Chicago), vol. 4, pp. 24-31; 1948.) The dielcc-
tric constant and its temperature coefficient
and the reciprocal of the power factor are
studied as functions of composition for various
binary and ternary systemas. Stability after
storage for 6 months or more is also considered.
See also 3551 of 1947 and 3441 of 1948.

621.318.322:621.384.612.11 2538
Soft Iron for the Electromagnet of a Cyclo-
tron—]J. J. Went. (Philips Tech. Rev., vol. 10,
pp. 246-254; February, 1949.) The iron for
electromagnets should have high saturation
flux density, relatively high remanence and
low coercive force. The iron used for the 200-
ton magnet of the Institute for Nuclear-
Physical Research, Amsterdam, has a rem-
anence 70 per cent of the saturation value.

621.385.2.032.216 2539
Testing Cathode Materials in Factory

Production—Acker. (See 2674.)

621.385.2.032.216 2540

A Standard Diode for Electron-Tube
Oxide-Coated Cathode-Core-Material Ap-
proval Tests—McCormack. (See 2675.)

MATHEMATICS

512.9:537.1 » 2541

Tensors and Electricity—L. Bouthillon.
(Bull. Soc. Frang. Elec., vol. 9, pp. 212-234;
May, 1949.) A detailed tensor theory of elec-
trostatics, magnetostatics, and electromag-
netism. Scalar and pseudoscalar quantities,
polar and axial entities, the various products
corresponding to the scalar and vector products
of vector rotation, and the derivatives cor-
responding to the divergence, gradient, curl,
and Laplacian, can all be represented simply.

512.99:621.318.572 2542
The Synthesis of Two-Terminal Switching
Circuits—Shannon. (See 2456.)

517.727:518.12:621.392.52 2543

Numerical Computation of the Elliptic
Function sn(mK/n), where m and n are
Integers—]. C. Stewart. (Commun. Rev., vol.
1, pp. 24-29; March, 1948.) K is the real
quarter-period. The values of the function are
required in the design ot filters of the Tcheby-
chefl type.

518.5 2544

Electro-Mechanical and Electronic Cal-
culating Devices—R. Davis-Berry. (Trans.
S. Afr. Inst. Elec. Eng., vol. 40, part 3, vp.
55-73; March, 1949. Discussion, pp. 73-75.)
The fundamental circuits and general prin-
ciples of operation of punched-card machines
are fully discussed, with detailed diagrams.
Simple electronic counters are briefly consid-
ered. The automatic sequence controlled cal-
culator (noted in 461, 468, and 787 of 1947)
is described in detail. Limiting factors in the
applications of such equipment to scientific
and mathematical problems are examined.

518.5 2545

Design and Operation of the IBM Selec-
tive-Sequence Electronic Calculator—R. R.
Seeber, Jr. (Proc. N.E.C. (Chicago), vol. 4
p. 288; 1948.) Summary only.

518.5 2546
A Large-Scale General-Purpose Electric
Analog Computer—E. L. Harder and G. D.

October

McCann. (Trans. AIEE, vol. 67, part 1, pp.
604-673; 1948.) Description of the Woesting-
house and California Institute of Technology
computers, which only differ in minor matters.
Accuracy is, in general, within 1 to 5 per cent
for the type of engineering problenms to be
solved.

518.5 2547

Analysis of Rototrol Voltage Regulators by
Electrical Analogy—]. T. Carleton. (Proc.
N.FE.C. (Chicago), vol. 4, pp. 272-278; 1948.)
Discussion of the principles of operation of the
ANACOM, an analogue computer, made by
the Westinghouse Electric Corp.

518.5:512.37 2548

Root-Solver for Tenth-Degree Algebraic
Equations—]J. F. Calvert, H. R. Johnston,
and G. H. Singer. Jr. (Proc. N.E.C. (Chicago),
vol. 4, pp. 254-271; 1948.) Theory and design
of a proposed analogue computer are discussed.
The cocfficients in the equation may be com-
plex.

MEASUREMENTS AND
TEST GEAR

531.7611621.3.018.4(083.74) 2549

The Atomic Clock—H. Lyons. (Instru-
ments, vol. 22, pp. 133-135, 174; February,
1949.) Sece 1983 of August.

621.3.011.4(083.74) 2550

A Standard of Small Capacitance—C.
Snow. (Jour. Res. Nal. Bur. Stand., vol. 42,
pp. 287-308; March, 1949) A formula is
derived for the capacitance of a parallel-plate
capacitor with coplanar guard, the circular
face of the electrode being at the bottom of a
cylindrical hole in the guard. The analogous
two-dimensional arrangement is also consid-
ered; an exact formula is obtained by con-
formal transformation and is used to deter-
mine the errors in certain general approximate
formulas. With certain restrictions, easily
fulfilled in practice, the resultant error is less
than 0.05 per cent.

621.3.018.41(083.74) 2551

Absolute Accuracy. Primary Frequency
Standard—H. B. Meah!l. (Proc. N.E.C. (Chi-
cago), vol. 4, pp. 446-450; 1948.) The sources
of probuble error in a primary frequency
standard of the quartz-crystal-controlled oscil-
lator type are analyzed. Attempts to determine
the long-term constancy of the rotation of the
earth are discussed. Although quartz-crystal
controlled oscillators of special design have
very good frequency stability and their fre-
quencies can be compared with great precision,
the absolute accuracy with which their fre-
quencies are known is considered to be only
within 1 part in 107,

621.3.018.41(083.74) 2552

Microwave Frequency Measurements and
Standards—B. F. Husten and H. Lyons.
(Trans. AIEE, vol. 67, part 1, pp. 321-328;
1948.) Full paper; long summary abstracted
in 1712 of July.

621.317.3:621.385.38 2553

A Method for the Measurement of the
Ionization and Deionization Times of Thyra-
tron Tubes—M. Birnbaum. (Trans. AIEE,
vol. 67, part 1, pp. 209-214; 1948.) A circuit is
described for generating rectangular pulses,
with rise times less than 0.01 usec., for
measurement of ionization times. For deioniza-
tion-time measurement, the thyratron is made
to conduct and the anode voltage is then
dropped below that of the cathode. At various
intervals afterwards, anode voltage is suddenly
reapplied; the maximum voltage which does
not cause reignition is a measure of the degree
of dejonization. Results of measurements for
various American thyratrons, including Types
2D21, 884, and 2050, are shown graphically.
Circuit constants and methods of measurement

.
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are discussed for each case. Accuracy is esti-
mated to be within 0.01 usec.

621.317.3.029.64 2554

Centimetre-Wave Measurement Tech-
nique—H. H. Meinke. (Arch. Elek. (Uber-
tragung), vol. 3, pp. 3-11 and 46-54; January
and February, 1949.) Discussion of general
principles, energy sources and detectors, re-
sistance measurement, loss-free 4-poles and
6-poles, directiona! couplers and power, fre-
quency, and phase measurement.

621.317.323(083.74) 2555

A Primary High-Frequency Voltage Stand-
ard—M. C. Selby. (Instruments, vol. 22, pp.
318-319; April, 1949.) See also 2262 of Sep-
tember.

621.317.331:621.319.4.015.3 2556

A Method of Measurement of the Internal
Series Resistance of a Capacitor under Surge
Conditions—B. S. Melton. (Proc. I.R.E., vol.
37, pp. 690-693; June, 1949.) A ballistic method
using a vacuum thermocouple and a galvanom-
eter.

621.317.335.3.029.641:621.315.611.011.5 2557

Microwave Dielectric Measurements—T.
W. Dakin and C. N. Works. (Jour. Appl.
Phys., vol. 18, pp. 789-796; September, 1947.)
The method of Roberts and von Hippel
(178 of 1947) was used with 10-cm and 3-cm
waves. A simplified procedure for calculating
the dielectric properties from the measure-
ments is given. Results are tabulated.

621.317.336 2558
The Measurement of Antenna Impedance
Using a Receiving Antenna—D. G. Wilson
and R. W. P. King. (Proc. N.E.C. (Chicago),
vol. 4, p. 496; 1948.) Summary only. Energy
from a remote transmitter was received by an
antenna located above a large conducting plane
and terminated in a slotted coaxial cavity.
The combined phase and damping functions
for the two ends of the cavity were determined
by the resonance-curve method. Since the
phase and damping due to the lower end could
be measured independently, the phase and
damping due to the upper end could be found
and used to calculate the antenna impedance.
Curves of impedance as a function of length of
antenna were obtained for several antennas.
The impedance of a dipole, as determined
in this way, was in reasonable agreement with
the value measured when using the same
apparatus as a transmitting system.

621.317.336 2559

Antenna Impedance Measurement by Re-
flection Method—E. Istvanfiy. (Proc. I.LR.E,,
vol. 37, pp. 604-608; June, 1949.) The dipole
whose impedance is to be measured is mounted
on a small wooden carriage which can be moved
along a track in front of transmitting and re-
ceiving parabolic reflectors mounted side by
side. The amplitude of the received signal de-
pends on the power reflected by the dipole, and
the target distance for maximum power de-
pends on the phase of the dipole impedance.
Results obtained for dipoles of various lengths
and diameters of 0.14, 0.48, 3, 13.6, and 40
mm are discussed.

621.317.373.029.64 2560

A Method of Measuring Phase at Micro-
wave Frequencies—S. D. Robertson. (Bell
Sys. Tech. Jour., vol. 28, pp. 99-103; January,
1949.) One part of the output of a signal
generator is modulated by an af signal in a
balanced modulator. The resulting supprensed-
carrier double-sideband signal is applied to the
device to be measured, in which means are
provided for sampling the signal at both input

«and output. The other part of the signal-

—y

generator output is fed through a calibrated
phaee shifter and applied to a cryatal detector,
to which the signal samples are then applied

Abstracts and References

successively, the phase shifter being in each
case adjusted for minimum af signal in the
detector output. The difference between the
two settings of the phase shifter gives the
phase difference between the two samples.
Compensation for amplitude inequalities of
the two samples is thus unnecessary.

621.317.7.087/.088 2561

Frequency Response Characteristics of
Recording Instruments—T. D. Graybeal.
(Trans. AIEE, vol. 67, part 1, pp. 755-766;
1948.) Methods are discussed for determining
the errors due to the dynamic limitations of
instrument movements, and which appear in
records. The ac steady-state response may be
obtained by means of charts, given the un-
damped natural frequency and the relative
damping. Test procedure is described for find-
ing these two basic constants of a particular
instrument. The importance of proper damping
is emphasized; techniques are suggested
whereby the frequency response may be made
even better than that obtainable with op-
timum damping. A simplified analysis of servo-
actuated recorders is included. Numerical

.examples are given.

621.317.71 2562
An Automatic Current Integrator—Poole.
(See 2455.)

621.317.72:621.396.645 2563

D.C. Amplifier Stabilized for Zero and
Gain—A. J. Williams, Jr., R. E. Tarpley, and
W. R. Clark. (Trans. AIEE vol. 67, part 1,
pp. 47-57; 194R.) An amplifier for dc measure-
ments is described in detail. The zero is stabi-
lized by means of a dc-ac converter vibrating
at 60 cps. The over-all voltage gain is about
40X 10%. Great care is taken to ensure that no
unwanted 60-cps component can affect the
zero. Gain is stabilized within a small fraction
of 1 per cent by the use of over-all dc feedback.
Circuits are described for various measure-
ments involving voltages of the order of 0.05
u volt.

621.317.726:621.319.4 2564

A Wide-Range Variable Capacitor—G. W.
Bowdler. (Jour. Sci. Instr., vol. 26, pp. 117-
119; April, 1949.) Description of a 3-terminal
capacitor covering the range 0.01 to 10 pF.
With a pair of Si rectifiers and a dc measuring
instrument, it can be used as a rf peak volt
meter for the range 1 to 10 kv at frequencies
from 50 kc to SO Mec.

621.317.733:621.317.794 2565

A Direct Reading D.C. Bridge for Micro-
wave Power Measurements—H. J. Carlin and
J. Blass. (Trans. AIEE, vol. 67, part 1, pp.
311-315; 1948.) A self-contained balanced
bolometer hridge circuit suitable for field work
is descrihed in detail. The bridge uses two
bolometer elements, a Wollaston wire for the
range 0 to 1 milliwatt and a metallized-glass
element for the range 10 to 100 milliwatts,
The design of a built-in attenuator with a range
of 0.03 to 3 db and maximum error 2.0 per cent
is discussed.

621.317.733.029.64 2566

A Microwave Impedance Bridge—M.
Chodorow, E. L. Ginzton, and F. Kane.
(Proc. L.LR.E., vol. 37, pp. 634-639; June,
1949.) A symmetrical 6-arm waveguide struc-
ture is described and its equivalent circuit is
analyzed theoretically. The relation between
the admittances of the various arms is exactly
that of a Wheatstone bridge with shunting
susceptances across each pair of terminals.A
device of this sort for use at a wavelength of 10
cm has been found to behave as predicted.

With this bridge, any impedance can be
measured to about the same accuracy as with
a standing-wave detector. The standard im-
pedances required are three variable reactancee
(movable shorting plungers) and a Zo termina-
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tion. The positions of the plungers are meas-
ured. The device can be used as a 4-terminal
lattice section for filter design or other applica-
tions; greater flexibility is obtained than with
conventional tee or pi sections.

621.317.74.029.64 2567

Microwave Slotted Sections—S. A. John-
gon. (Proc. N.E.C. (Chicago), vol. 4, pp. 222~
232; 1948.) Instruments used to measure the
magnitude and phase of standing waves in a
transmission line or waveguide without in-
troducing appreciable field disturbance. The
electrical impedance of the line can be de-
duced. High mechanical precision is required
in the construction of the slotted sections.
Sections for use at frequencies up to 75 kMc
are described. Tuners for matching the probe
of the detector are considered.

621.317.755 2568

A Cathode-Ray Oscillograph with 100-
Megacycle Bandwidth—M. M. Newman,
R. P. Featherstone, and P. S. Christaldi. ( Proc.
N.E.C. (Chicago), vol. 4, p. 445; 1948.)
Summary only.

621.317.755:621.317.791 2569

A Polar Vector Indicator—A. H. Waynick,
P. G. Sulzer, and E. A. Walker. (Proc. N.E.C.
(Chicago), vol. 4, pp. 279-286; 1948.) An elec-
tronic device for demonstration purposes,
which displays and permits determination of
the magnitudes and phase angles of as many
as three voltages or currents of the same
frequency. Frequency range is 15 to 300 cps,
amplitude accuracy within 110 per cent,
phase accuracy within 3°

621.317.761 2570

Contribution to the Technique of ‘Dense’
Standard-Frequency Spectra—H. J. Griese.
(Fernmeldetech. Z., vol. 2, pp. 179-188; June,
1949.) The term “dense” is applied to spectra
whose components are so close together in
frequency that they can be separated from
one another by means of simple electrical cir-
cuits and filters. Special technique is required
in applications involving such spectra. Methods
of generating dense spectra by the use of d¢
and ac pulses, and arrangements for fre-
quency multiplication and for pulse modula-
tion are described. Special equipment discussed
includes (a) a generator providing standard
frequencies at 10-kc intervals, with stronger
signals at 100-kc intervals, for the calibration
of receivers, (b) an interpolation frequency
meter, {c¢) a direct-reading frequency meter,
(d) apparatus for frequency stabilization, in-
cluding a unit using a phase bridge. Direct and
indirect methods of selecting a particular
frequency from a dense frequency spectrum
are also described.

621.317.772:621.396.67 2571

Measurement of the Phase of Radiation
from Antennas—]. N. Hines and C. H. Boehn-
ker. (Proc. N.E.C. (Chicago), vol. 4, pp. 487~
495; 1948.) The equipment described consists
of a signal generator, attenuator, probe an-
tenna, a T-junction mixer, and receiving ap-
paratus. Two signals are introduced into the
T-junction which combine if in phage and can-
cel if out of phase. Phase contours thus meas-
ured for various antennas are shown. Prediction
of amplitude and phase patterns of arrays by
combining vectorially the patterns of indi-
vidual antennas is discussed.

621.317.784.087.44 2572
A Square-Law Power-Level Recorder—
W. R. Clark, W. R, Turner, and A. J. Williams,
Jr. (Proc. N.E.C. (Chicago), vol. 4, pp. 132-
146: 1948) A recorder with a linear 40-db
scale above a datum level of 0.0002 milliwatts.
The error is less than 0.1 db between 20 cps
and 200 kc. The operation of the recorder is
described. See also 488 of 1941 (Clark).

b
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621.317.79:621.396.615:621-526 2573

Signal Generators for Servo System Meas-
urements—C. . White. (Proc. N.E.C, (Chi-
cago), vol. 4, pp. 59-71; 1948.)

621.317.79:621.396.615:621.396.619.11 2574

A Low-Distortion A.M. Signal Generator—
E. S. Sampson. (Proc. N.E.C. (Chicago), vol.
4, pp. 147-157; 1948.) Special features are (a)
the modulator, which uses af detection and
feedback in the cathode circuit, (b) the cancel-
lation amplifier, (¢) the output amplifier,
which includes a broad-band rf transformer,
and (d) the exalted-carrier detector. Af dis-
tortion is <0.1 per cent at 100 per cent modu-
lation.

621.317.79:621.396.615:621.396.93 2575

Radio Direction Finder System Analyzer —
k. C. Jordan and J. J. Meyers. (Proc. N.E.C.
(Chicago), vol. 4, pp. 462-471; 1948.) A test
device consisting of a 175-kc signal source,
which can be suitably modulated, and various
phase shifters for simulating the voltagesap-
pearing at the antenna terminals of any
direction-finding array. The present analyzer
can simulate the effects of two rays arriving
at an 8-element direction-finding array. Its
use reduces the time required for the analysis
of direction-finding systcms, both old and new,
and it could be useful for training purposes.

621.317.79:621.396.615.14 2576

A Broad-Band Signal Generator—T. P.
IHahn, J. Ebert, and W, A. Lynch. (Trans.
AITEE, vol. 67, part 1, pp. 316-320; 1948.)
Design problems are discussed. Three internal-
cavity reflex klystrons are used to cover the
frequency range 4,000 to 10,000 Mc. Attenu-
ator and wavemeter designs in coaxial rf
cable are considered, as well as attenuator
calibrution and accuracy of power measure-
ment. The method of applying impulses to the
klystrons is described, with emphasis on ways
of obtaining very short rise and decay times.

621.317.79:621.396.813 2577

A Simple Method for Determining Distor-
tion Factors—F. Enkel. (Fernmeldetech. Z.,
vol. 2, pp. 153-154; May, 1949.) A signal of
frequency 800 cps is applicd to the system
to be tested, and the amplitude of the second
and third harmonic in the output is measured,
using in succession bandfilters tuned to 1,000
and 2,400 cps. The nonlinear distortion can
then be calculated from simple formulas which
are given, Curves show the variation of the
quadratic and cubic terms of the distortion
factor determined for (a) a triode amplifier,
(b) a pentode amplifier, and (¢) a magneto-
phone, as a function of the loading.

621.396.662(083.74) 2578

A Standard of Attenuation for Microwave
Measurements—R. E. Grantham and J. J.
Freeman. (Trans. ATEE, vol. 67, part 1, pp.
329-335; 1948.) Full paper; long summuary
abstracted in 1730 of July.

OTHER APPLICATIONS OF RADIO
AND ELECTRONICS

531.717.1:621.386 2579

An X-Ray Thickness Gauge for Hot-Strip
Rolling Mills—C. W. Clapp and R. V. Pohl.
(Trans. AITEE, vol. 67, part 1, pp. 620-626;
1948.)

531.727.1:621.386 2580

X-Ray Thickness Gauge for Cold-Rolled
Strip Steel—W. N. Lundahl. (Trans. AIEF,
vol. 67, part 1, pp. 83-90; 1948.) One photo-
multiplier pickup and two X-ray sources are
used. Range is 5 to 50 mil; accuracy within
1 per cent.

536.58:621.316.7 2581
Precision Photoelectric Control of High-
Temperature Furnaces—F. C, Todd. (Proc.

PROCEEDINGS OF TIHE [.R.I;.—Waves and Electrons Section

N.E.C. (Chicago), vol. 4, pp. 289-297; 1948))

539.16.08 2582

The Scintillation Counter—J. W. Coltman,
(Proc. LR.E., vol. 37, pp. 671-682; June,
1949.) A review of present knowledge regarding
characteristics and operation of this type of
counter.

539.16.08 2583

Accurate Determination of the Deadtime
and Recovery Characteristics of Geiger-M{ller
Counters—1.. Costrell. (Jour. Res. Nat. Bur,
Stand., vol. 42, pp. 241-249; March, 1949))
The relevant theory is brietly discussed. An
clectronic gating instrument for the determina
tion of deadtime and recovery time within 1
per cent or 2 gsec. is described. The variation
of these times with counter pressure and over-
voltage is shown graphically.

539.16.08:548.0:537 2584
Crystal Counters: Part 1—Hofstadter. (See
2506 and 2507.)

539.16.08:621.318.572 2585

An Improved Quench Circuit for Geiger
Counters —Cooke-Yarborough, Florida, and
Davey. (See 2437))

551.508.5:621.396.645.371 2586

Application of a D.C. Negative-Feedback
Amplifier to Compensate for the Thermal Lag
of a Hot-Wire Anemometer —-P. ;. IHubbard.
(Proc. N.I.C. (Chicago), vol. 4, pp. 171-178;
1948.) Description of an instrument for meas-
uring the instantancous velocity of the air in
wind tunnels, ducts, or free jets where small
size and a very small time constant are es-
sential. The use of feedback results in simple
construction, improved stability, and greater
freedom from undesirable noise and oscilla
tions.

615.849 2587

F.C.C. Diathermy Design for Low Harmonic
Radiationand Good Frequency Stability—I<.\\".
Chapin, W. K. Roberts, and M. C. Maobley.
(Trans. AIEE, vol. 67, part 1, pp. 42 406,
1948. Discussion, p. 46.)

621.317.083.7 2588

A Faster Telemeter for Carrier-Current
Channels—E. E. Lynch, Il. C. Thomas, and
G. S. Lunge. (Trans. AIEE, vol. 67, part 1,
pp. 288-294; 1948. Discuscion, p. 294) A
current of frequency between 6 and 27 eps and
directly proportional to the quantity to be
measured is used to modulate carrier-current
channels of conventional fixed-frequency types.
The apparatus used is fully described, and
compared with existing systems. Advantages
claimed are: instantaneous response without
overshoot, a high degree of accuracy and
stability, absence of contacts and a minimum
number of moving parts.

621.317.79:[531.787.9+531.718.4 2589

Electronic Methods for Measurement ot
Pressure and Displacement .\, Crossley and
D. L. Elam. (Proc. N.E.C. (Chicago), vol. 4,
pp. 158-170; 1948.) Description of (a) the
pressuregraph-syncromarker,  for measuring
static or dynamic pressures in a chamber con-
taining fluid or gas, (b) the dynamic microm-
eter, which measures movement of vibrating
metal bodics within 0.1 mil. Sce also 3214
of 1947,

621.365.003.12 . 2590

Some Economic Aspects of Radio-Fre-
quency Heating—L. M. Duryee. (Trans.
AIEE, vol. 67, part 1, pp. 105-112; 1048))

621.38.001.8 2591

Digests of Papers at Conference on Elec-
tron Tubes in Industry—(Elec. ng., vol. 68,
pp. 525-529; June, 1949.) Summaries of most
of the papers presented at the AIEE conference
on the Industrial Application of Electron

October

Tubes, Buffalo, N. Y., April 11 and 12, 1949,

621.38.001.8:681.9 2592

Fairchild Electronic Half-Tone Engraving
Machine—]. Boyajean. (Proc. N.E.C. (Chi-
cago), vol. 4, pp. 330-336; 1948.)

621.383.001.8 2593

Research on Reading Aids for the Blind—
\'. K. Zworykin, L. I£. Flory, and W. S. Pike,
(Jour. Frank. Inst., vol. 247, pp. 483-496;
May, 1949.) Discussion of the system already
mentioned in 3700 of 1946 and 3229 of 1947
An clectronic method of letter recognition is
also considered. Results so far achieved while
not spectacularly successful, indicate possible
approaches to the problem.

621.384.611.2+1 2594
A 70-Mev Synchrotron —F. R. Elder, A. M.
Gurewitsch, R. V. Langmuir, and II. C,

Pollock. (Jour. Appl. Phys., vol. 18, pp. 810-
818; September, 1947))

621.384.621 2595

The Design of Linear Accelerators —J. C.
Slater. (Rev. Mod. Phys., vol. 20, pp. 473-518;
July, 1948.) The relative merits of lincar and
orbital accelerators are discussed. The phase
velocity in a waveguide can be reduced by
loading so that the waves travel with the same
speed as that of the particles to be accelerated
The loaded guide has band-pass filter charac-
teristics. Formulas are derived for the ampli-
tude of the accelerating field in standing-wave
and traveling-wave accelerators respectively.
The distance between successive feeds to the
guide must not exceed the attenuation length,
or distance in which the energy density of a
traveling wave falls to 1/e of its initial value,
Geometrical factors affecting acceleration are
discussed. Group velocity is less than phase
velocity; it is theoretically zero for the pi-mode
tube used in the MIT accelerator, which has
small attenuation length. The feeding of power
into linear accelerators, tolerances in long ac-
celerators, and particle dynamics for different
types of accelerator, are considered.

621.385.832: (535477 2596
Cathode-Ray Tube Applications in Photog-
raphy and Optics—C. Berkley and R. Feldt.

. (Proc. N.E.C. (Chicago), vol. 4, p. 314; 1948.)

Summary only,

621.385.833 2597

On the Calculation, for an Immersion
Objective with Axial Symmetry, of the Poten-
tial along the Axis and of Its Derivatives—M.
Duchesne. (Compt. Rend. Acad. Sci. (Paris),
vol. 228, pp. 1407-1408; May 2, 1949,) The
results of calculations for the objective of an
electron telescope are in good agreement with
values determined experimentally, using an
electrolyte tank.

621.385.833 2598

Use of the Electron Microscope in the
Optical Industry—]. Robillard. (Rev. d'Optique,
vol. 28, pp. 129-145; March, 1949.) General
discussion, with special reference to investiga-
tion of the characteristice of antireflection
layers.

621.385.833:537.133 2599

The Proton Microscope C. Magnan.
(Nucleonics, vol. 4, pp. 52-66; April, 1949.)
Aberrations are shown to limit the maximum
theoretical resolving powers of optical, electro-
static, and eclectromagnetic clectron micro-
scopesto 170 mu, 2.5 mu, and 1 murespectively.

At the Collége de France, an electrostatic
clectron microscope is being converted to an
electrostatic proton microscope. Suitable pro-
ton sources, lens systems, and object carriers
are described. The maximum theoretical re-
solving power is 0.15 mu. With photographic
enlargement, a total magnification of 600,000
is expected.



-

© 621.391.63:526.9

1949

621.386:621.396.9 2600

The Application of Radar Techniques to a
System for High-Speed X-Ray Motion Pic-
tures—D. C. Dickson, Jr., C. T. Zavales, and
L. F. Ehrke. (Proc. V.E.C. (Chicago), vol. 4,
pp. 298-313; 1948.)

2601

An Optical Radar for Surveying—W. W.
Hansen. (Trans. AIEE, vol. 67, part 1, pp.
660-663; 1948.) For another account see 3211
of 1048,

PROPAGATION OF WAVES

538.56 2602

The Approximate Solution of One-Dimen-
sional Wave Equations—C, Eckart. (Rer.
Mod. Phys., vol. 20, pp. 399-417; April, 1948.)
A general discussion, in terms of Hamiltonian
functions, of the type of ditferential equation
applicable to waves on a stretched string,
sound waves in a tube of uniform cross section,
the propagation of clectric currents along a
uniform wire, ctc. The Fourier solution of the
inmitial-value problem, group and phase velocity,
the resolution ot waves into spectra, wave
fronts, and unresolved waves are considered.
Particular attention is given to the method of
gtationary phase, which is the mathematical
foundation for the Hamilton-Jacobi ray theory.
Difficultics in the application of this method to
a dissipative medium are considered but no
definite conclusions are reached.

538.566 2603

On Sommerfeld’s “Radiation Condition —
F. V. Atkinson. (Phil. Mag., vol. 40, pp. 645—
651; June, 1949.) Discussion of the uniqueness
ot solution in problems of wave motion in-
volving an infinite medium. A set of conditions
13 formulated under which the solution 1s
proved to be unique; these include Sommer-
feld's “condition of finitcness” as well as his
“rardiation condition.”

538.560 2604

On the Propagation of Electromagnetic
Waves in Stratified Media —I". Abclés. (Ann.
Phys. (Pans), vol. 3, pp. 304-520; July and
August, 1948 ) The media are assumed to be
composed  of many homogeneous  isotropic
layers hounded by parallel planes; the electro-
magne tic wave s are plane and sinusoidal, with
any onentation whatever, The problem re-
s0lves into that of determining the constants o
integration for Maxwell's equations 8o as to
satisfy the conditiony at the limits. A system
of 2p hinear equations with 2p unknowns has
thus to be golved; this ia effected by means
of recurren o formulas, ‘The relation hetween
the physical and mathematical aspects of the
problem is stregsed. Formulas are derived by
summation of the rays reflected an odd number
of times and explicit expressions are given for
the complex cocfficients of reflection and trans-
mission for a stratified medinm. From theae
corfficients, information concerning the effects
of such a medium on a plane incident wave iy
easily deduced Three general theoremns are
enunciated and bnefly discuased

538.566:551.510.52 2605

On the Internal Reflection of Electromag-
netic Waves in a Stratified Medium. Applica-
tion to the Troposphere (. lckart and I
Kaliin (Compt Rend, Acad. Scr (Patim), vol
228, pp 1373-1374, April 25, 1949 ) Discussion
of retlection due moldly to the inhomogeneity
of the medium and not to a discontinnity in the
valuen of ¢ and g The reflection coefidient for
the atratified troposphere in calculated and
shown to be proportional to A It appears 1m
probable that thum type of reflection can be
observed with electromagnetic wavea in the
case of the troposphere, hut gince the variation

be~of the acoumtic characteristics in the tropo

aphere is mach greater than that of the valuea
ob e and g, acountic experimenta might be more
successful.

Abstracts and References

621.396.11:551.510.535 2606

The Analysis of Ionospheric Reflections:
Part 2—A. H. de Voogt. (Tijdschr. ned.
Radiogenoot., vol. 14, pp. 73-85; May, 1949
In English.) Polarization curves for different
collision frequencies are given, together with
hypothetical curves for electron-density distri-
bution and collision frequency during the day-
time and in the evening. Path times are de-
rived for positive and for negative pulses.
Discussion of attenuation leads to the view
that recently published values of the collision
frequency are too high and that the greater
part of the friction loss occurs in the E-layer,
or even the D-layer. Results obtained with
twin-loop receiving equipment 1,600 meters
from a 2-kw transmitter are described. Signals
with circular polarization gave the best results,
though even these were subject to fading dur-
ing evening periods. Part 1, for which correc-
tions are given, 1381 of June.

621.396.11:551.510.535 2607

Deviation at Vertical Incidence in the
Ionosphere—M. Cotte and G. Millington.
( Nature (London), vol. 163, p. 810; May 21,

. 1949.) Comment on 1763 of July, and the

author’s reply.

621.396.11(98) 2608

Short-Wave Propagation over the Polar
Regions —I1. A. Hess. (Elektron Wiss. Tech.,
vol. 3, pp. 218-226; June, 1949.) An account
of results obtained at Frederikshavn during
the period 1942 to 1945. Records were obtained,
on quickly moving filin, of direct, and reverse
signals from various distant stations. In some
cases, the transmission path included both the
north and south polar zones. The split signals
ohserved for transmission paths near the poles
can be explained by interference between two
or more waves of slightly different frequency
due to a Doppler effect. When two waves of
nearly equal amplitude are concerned, a
pronounced beat minimuin is obtained. The
observed Doppler frequency shift of 5 to 30
cps at frequencies between 10 and 20 Mc indi-
cates large movement of the reflecting layer
in the polar zone.

621.396.812 2609

Atmospheric Effects on Short-Wave Radio
Propagation—]. S. M-Petrie and B. J. Starkey.
( Nature (London), vol. 163, pp. 958-959; June
18, 1949.) The low-level atmospheric ducts
discussed in 1167 of May (McPetric and Star-
necki) have little effect on the propagation of
centimeter waves when the transmitter or the
receiver is well above the duct, or on the
propagation of meter waves for any height of
transmitter or receiver, Experimental results
supporting this are shown graphically and
discussed.

621.396.812.3.029.64 2610

Preliminary Analysis of Microwave Trans-
mission Data Obtained on the San Diego
Coast under Conditions of a Surface Duct—
C. L. Pekeris and M. E. Davis, (Jour. Appl.
Phys., vol. 18, pp. 838-842; September, 1947.)
Tranamission data for 63 and 170 Mc are
analyzed by wave theory, Good agreement
between theory and experitment was obtained
for a range of 32 miles. Between 32 and 70
milen variations of intensity with height are
an expected, but the theoretical horizontal
decrement in leas than that observed. Beyond
about 80 milea the obacrved field tends to
become uniform with height, and shows little
horizontal attenuation, See alno 521 of 104K,
(Katzin, Bauchman, and Binnian).

621.396.812.4.029.6 2611

Tropospheric Effects in Ionosphere-Sup-
ported Radio Transmission— (,. W. Plickard
and H. T. Stetson, (I’'voc, 1 R E, vol. 37, pp
596-599; June, 1949 ) A atatistical analysia of
(a) night field atrength at Newton Center,
Masa., due to 1,330-kc broadcast transmlsslons
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from WBBM, Chicago, 850 miles away, (b)
reception at Needham of WWV 5-Mc¢, XEWW
9.5-Mc, WWYV 10-Mc, and W2XMN 44.1-Mc
signals, for correlation with Boston weather
data. Night field strength at Newton rises from
a minimum one day before a temperature rise
of 10° F to a maximum on the day of the rise.
Similarly, a drop in field strength precedes an
cqual temperature fall. Night field strength of
WWYV 5-Mc transmissions tends to a maximum
one day before a SE wind blows across the
transmission path; such a wind is associated
with temperature inversions. See also 1453 of
1948,

RECEPTION

621.396.621 2612

Extraction ot Weak Signals from Noise by
Integration—Hi. Stockman, F. R. Dickey, Jr.,
and A. G. Emslie. (Proc. N.E.C. (Chicago),
vol. 4, pp. 102-120; 1948.) Fundamental re-
lationships concerning the detection of weak
signals are obtained without recourse to the
usual mathematical methods. A system is de-
scribed in which a low-frequency mechanical
filter interrupts the signal and gives about 24
db improvement in sighal to noise ratio for an
integration time of several minutes. Results
obtained agree with theoretical calculations.

621.396.621 . 2613

Optimum Selectivity in Superregenerators
—D. Richman. (Proc. N.E.C. (Chicago), vol.
4, pp. 121-131; 1948.) The selectivity of a
superregenerator is determined by the varia-
tion of instantancous sensitivity due to modu-
lation of the resonator conductance during a
quench cycle. For optimum selectivity, a
conductance wave form may be selected to
give narrowest gkirt selectivity, or the nose of
the curve may be narrowed to a degree de-
termined by the rejection required for signals
outside the pass band.

621.396.621 2614

A Simple Far-Near Device for Radio
Receivers—H. Gibas. (Bull. Schweiz. Elek-
trotech. Ver., vol. 39, pp. 362-367; May 29,
1948. In German.) An arrangement in which
a band filter with feedback is uscd to increase
the selectivity and sensitivity of a small
recciver for the reception of signals from dis-
tant stations. The filter is short-circuited for
Jocal stations, giving a greater tandwidth and
hence reception of better quality. The design
of a suitable filter is discussed.

621.396.621 2615

A Method for Distortionless Demodulation
of Single-Sideband Oscillations—E. Mcinel.
(Arch. Flek. (Ubertragung), vol. 3, pp. 37-46;
February, 1949.) The mcthod is based on the
fact that with quadratic rectification of single-
sideband oscillations, only the first-order dif-
ference tones occur as nonlinear distortion, the
amplitude of which is independent of the
carrier amplitude. Since only the first-order
difference tones remain after quadratic rectifi-
cation of single-sideband oscillations without
carrier, they can be completely eliminated in
the compensation arrangement described,
which consists of two symmetrical quadratic-
rectifier receivers. The single-sideband oscilla-
tions with carrler are applicd to one receiver
and cqual signala without carrier to the second
receiver, the two outputs being applied in
opposition in the common output circult.
Nonlinear distortion is thus eliminated so long
as the modulation of the transmitter does not
greatly exceed 50 per cent. The inethod should
have wide application in single-sideband tech
nique, including  multichannel cable  com-
munication, long-wave and medium-wave
broadeasting, and television,

621.396.621 2616
Wideband Frequency Discriminator De-
slgn—Rideout. (See 2483.)
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621.396.621 2617

Performance Capabilities of Superregen-
erative Receivers—G. V. Lltgroth. (Tele-Tech,
vol. 8, pp. 24-27, 57 and 40-43, 71; February
and March, 1949.) Analysis with particular
reference to sclectivity and fidelity charac-
teristics, signal-to-noise ratio and optimum
operation conditions.

621.396.621:621.396.82 2618

The Effect of Interference on Superregen-
erative Receivers—L. S. Gutkin. (Radiotekh-
nike (Moscow), vol. 4, pp. 62-76; January and
February, 1949. In Russian.) Continuation of
1738 of 1948. The effect of interference, con-
sisting of single and repeated impulses, on the
ovperation of a superregenerative receiver is
investigated theoretically. The interference
voltages at the output of the superregenerative
circuit and of the low-frequency amplifier, and
the effect of nonlinear operating conditions are
discussed. A superregenerative receiver pos-
gsesses a higher degree of discrimination with
respect to impulse interference than an or-
dinary receiver. A general summary is given of
types of interference.

621.396.621:621.396.619.11/.13 2619

On Theoretical Signal-to-Noise Ratios in
F.M. Receivers: A Comparison with Amplitude
Modulation—D. Middleton. (Jour. Appl.
Phys., vol. 20, pp. 334-351; April, 1949,
Signal-to-noise ratios at the output of a FM
receiver are determined as functions of the
input signal-to-noise ratio, clipping level. and
af filter characteristics when random (fluctua-
tion) noise accompanies the signal. Both
narrow-band and broad-band FM are ex-
amined. Calculations are made for sinusoidal
FM. The concept of signal-to-noise ratio is
redefined. Comparison is made with AM
reception using a half-wave linear rectifier.
For signals less than 3 db above noise AM
requires less input signal than FM for a given
noise background and a given output. Only
for signals at least 10 db above noise is FM
superior to AM. Broad-band FM with heavy
limiting is required in this case. Narrow-band
FJM, even with no limiting, is not better than
AM at high signal levels. Limiting is detri-
mental for narrow-band operation, whereas it
is essential for broad-band operation, in which
case the shape of the if response curve is
important. Curves illustrating the average and
mean-square signal and noise outputs, and
signal-to-noise ratios for various conditions
of operation, are included.

621.396.82 2620

Tolerable Mutual Interference of Two
F.M. Broadcasting Transmitters—T. J. Wei-
jers. (Tijdschr. ned. Radiogenool., vol. 14, pp.
61-72; May, 1949. In Dutch.) Selectivity
measurements for three different FM receivers
are shown graphicallv and discussed. Conclu-
sions as to the relative strengths and frequencv
characteristics of <ignals from two neighboring
transmitters, consistent with satisfactory re-
ception of the signals from one of them, are
summarized.

621.396.82:537.523.3 2621

Corona Interference with Radio Reception
in Aircraft—M. M. Newman. (Proc. N.E.C.
(Chicago), vol. 4, pp. 91-95; 1948.) Oscillo-
grams show typical corona pulses received on
bare and on ingulated antennas, and the serious
effect of shock-excitation of both antennas and
receiver circuits due to the sharp rate of rise
of the pulses. Insulated antennas are recom-
mended, but, even for these serious inter-
ference can be caused by other bare antennas
and by charges developed on various parts of
the aircraft structure.

621.396.82:551.594:551.577 2622
The Effect of Air Speed upon Precipitation
Charging of an Airplane—H. J. Dana. (Proc.

PROCEEDINGS OF TIIE [.R.E.—Waves and Electrons Section

N.E.C. (Chicago), vol. 4, pp. 96-101; 1948.)
Charging rate varies as the cube of air speed.
This law was confirmed by experiment. Two
types of discharger are discussed bricfly.

621.396.822.029.63 2623

Impairment of Intelligibility by Noise in
Decimetre-Wave Links—E. Dietrich. (Fern-
meldetech. Z., vol. 2, pp. 173-178; June, 1949.)
Discussion of the various factors involved es-
tablishes that speech intelligibility suffers
little reduction due to the circuit, multipath,
or other noises usually met with. Decimeter-
wave links can thus provide a satisfactory
means of communication even without noise
suppression.

621.396.828 2624
Interference-Free Reception by means of
Aerials with Screened Down-Leads—\V. Hor-
muth. (Frequenz, vol. 3, pp. 61-73; March,
1949.) Description of equipment suitable for
either private dwellings or apartment houses,
Particular attention is given to earthing ar-
rangements and distribution systems.

621.396.828 2625
Circuit Design for Reduction of Hum—
Dickerson. (See 2496.)

STATIONS AND COMMUNICATION
SYSTEMS

621.391.63:534.321.9:535.61-15 2626

Ultrasonic Modulation of a Light Beam—
R. F. Humphreys, W. W, Watson, and D. L.
Woernley. (Jour. Appl. Phys., vol. 18, pp.
845-846; September, 1947.)

621.396(94) 2627

Some Aspects of the Overseas Telecom-
municntions'Services Operated by the Over-
seas Telecommunications Commission, Aus-
tralia—A. S. McDonald. (Proc. I.R.E.,
(Australia), vol. 9, pp. 4-8. Discussion, pp.
8-9. April, 1948)) An outline is given of the
formation and functions of the Commission.
A review of the present facilities includes a
reference to the overseas facsimile service.
Equipment and techniques are briefly de-
scribed.

621.396.41:621.396.619.16 2628

Terminal Equipment for Pulse-Time Multi-
plex—A. M. Levine and D. D. Grieg. (Proc.
N.E.C. (Chicago), vol. 4, p. 131; 1948)
Summary only. Discussion of: (a) design of
terminals using pulse-amplitude, pulse-time or
pulse-count modulation, (b) methods of main-
taining bandwidth while improving signal-to-
noise ratio by adding cross talk and distortion
at the transmitting end and removing them at
the receiver, (c¢) methods of establishing base
rates and timing of the channels, (d) modula-
tion circuits for timed channels, (e) methods
of maintaining synchronism and framing, (f)
channel selection and demodulation, and (g)
mechanical and electrical construction. A
general description of various terminal units,
with photographs, is included.

621.396.41.029.63:621.306.97 2629

Experimental Ultra-High-Frequency Multi-
plex Broadcasting System—A. G. Kandoian
and A. M. Levine. (Proc. I.R.E., vol. 37, pp.
694-701; June, 1949.) An 8-channel high-
fidelity system in which multiplex operation is
achieved by time-sharing pulse-time modula-
tion. The main components, including modu-
lator, transmitter antenna system and feceijver,
are described and their operating charac-
teristics discussed.

621.396.44:621.315.052.63 2630

Operational Experience with Single-Side-
band Power-Line Carrier Equipment—F. S,
Beale. (Tele-Tech, vol. 8, pp. 32-35; June,
1949.) Single-sideband equipment is particu-

October

larly useful under conditions of high circuit
attenuation, high noise level, heterodyne inter-
ference, or where a limited frequency band is
available.

621.396.619 2631

Contribution to the General Theory of
Modulation and Demodulation for Any Type
of Characteristic—Heymann. (See 2482.)

621.396.619:621.396.61 2632

4puto-Anode” Modulation for Radio
Broadcasting Transmitters—N. G. Kruglov.
(Radiotekhnika (Moscow) vol. 4, pp. 7-24;
March and April, 1949. In Russian.) Descrip-
tion of a modulation system proposed by the
author and now used at several broadcasting
stations in the U.S.S.R. No high-power modu-
lator is used, but certain tubes which generate
rf oscillations also serve for anode modulation.
The rf output is not less than that obtained
with the usual anode-modulation methods.
The theory of the method is discussed and
various practical circuits are suggested. The
modulation efficiency is almost double that for
grid modulation; an over-all transmitter effi-
ciency of 45 per cent is possible.

621.396.619.13 2633

Some Developments in Frequency-Modu-
lation Techniques—D. A. Bell. (Strowger
Jour., vol. 6, pp. 159-165; April, -1949.) Dis-
cussion with particular reference to signal-to-
noise ratio, reactance-tube FM, relaxation
oscillators, and counter circuits as frequency
detectors. Simple and compact equipment for
a 6-channel system is described briefly; this
can be used with either cable or radio links

621.396.619.13:621.396.029.58 2634

On the Application of Frequency Modula-
tion in Short-Wave Radio Technique—H. J.
Griese. (Fernmeldetech. Z., vol. 2, pp. 141-146
May, 1949.) Bandwidth and signal-to-noise
characteristics for AM and FM, distortion due
to multipath transmissions, and fading effects
are discussed. The principles of a phase-shift
keying system are explained.

621.396.610.13:621.396.611.3 263S

The Application of Coupled Systems with
Distributed Constants to Frequency Modula-
tion in the Ultra-High-Frequency Range——
Tolstikov. (See 2475.)

621.396.619.16 2636

Pulse Modulation—E. M, Deloraine. (Proc.
I.LR.E.,, vol. 37, pp. 702-705; June, 1949.)
A general review of various types of pulse
modulation. Application to time-division multi-
channel systems and to switching problems
are discussed.

621.396.65:621.396.3 2637
A 150-kc/s Carrier System for Radio Relay
Applications—]. E. Boughtwood. (Trans.
AIEE, vol. 67, pp. 577-582; 1948) De-
veloped by the Western Union Telegraph Co.
Thirty-two voice-band communication chan-
nels, each 3,000 cps wide, are derived in the
frequency range 4 to 147 kc. Tandem stages
of group modulators maintain high spectrum
efficiency without crystal filters. A crystal-
controlled harmonic carrier supply ensures the
frequency stability required by narrow-band
FM telegraph circuits. See also 2471 above.

621.396.97:621.396.619.13 2638

Frequency-Modulation Broadcasting—A.
J. McKenzie. (Proc. 1.R.E. (Australia), vol. 9,
pp. 4-16; May, 1948. Discussion pp. 16-17.)
A general review, with particular reference to
experimental transmissions from Melbourne
and Sydney. Various types of transmitter and
typical methods of producing FM waves are
discussed. Conventional antenna systems used
in FM broadcasting are described and their
performances are compared.
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621.396.97(43) 2639

Twenty-Five Years of Broadcasting in
Germany—A. Heilmann. (Fernmeldetech. Z.,
vol. 2, pp. 129-134; May, 1949.) A review of
technical developments.

SUBSIDIARY APPARATUS

621-526 2640

Evaluating Servomechanisms Performance
—G. M. Attura. (Proc. N.E.C. (Chicago), vol.
4, pp. 72-90; 1948.

621-526 2641

Electronic Circuits for Control of Clutch-
Type Servomechanisms—F. E. Edwards, Jr.
(Proc. N.E.C. (Chicago), vol. 4, pp. 54-58;
1948.) Brief description of clutch-type servo-
mechanisms and desirable control-circuit char-
acteristics, with details of a circuit of minimum
time-lag and good stability.

621-526:621.317.79:621.396.615 2642
Signal Generators for Servo System
Measurements—C. F. White. (Proc. N.E.C.
(Chicago), vol. 4, pp. 59-71; 1948.)
621.3.027.3:621.316.722 2643

A 500-50 000-Volt Regulated Power Sup-
ply—R. E. Anderson. (Proc. N.E.C. (Chicago),
vol. 4, pp. 315-329; 1948.) Discussion of a
continuously variable dc supply unit with a
maximum load current of 1 ma. A Hartley
oscillator giving a frequency of about 40 kc is
used with a voltage-tripler circuit. Two regu-
lating loops in series maintain the output volt-
age constant within 0.2 per cent; one loop serves
to control the screen-grid voltage of the rf
amplifier tubes and the other to control the
dc output through a dc amplifier and series
regulating tube. The primary reference voltage
is a thermally insulated battery from which no
current is drawn. .

621.314.63 2644

A Practical Approach to Calculating Op-
timum Performance of Semiconductor Recti-
fiers—Wilson. (See 2452.)

621.314.632 2645

Twenty-Five Yearsof Copper/Copper-Oxide
Rectifiers—L. O. Grondahl. (Trans. AIEE,
vol. 67, part 1, pp. 403—410; 1948.)

621.316.726 2646

Electronic Voltage Regulator for Control
of Generators—W. J. R. Farmer. (Elec.
Times, vol. 115, pp. 803-806: June 16, 1949.)
The advantages of such regulators are dis-
cussed and the general principles of a standard
type are explained in detail.

TELEVISION AND PHOTO-
TELEGRAPHY

621.397.24:621.394 2647

Western Union Teletape Facsimile—L. G.
Pollard. (Trans. AIEE, vol. 67, part 1, pp.
511-515; 1948.)

621.397.331.2 2648

Cathode-Ray Tubes for Television. Oper-
ating Conditions v. Picture Brightness—1I1.
Moss. (Wireless World, vol. 55, pp. 202-205
and 261-263; June and July, 1949.) Discussion
of (a) the increase of crt voltage required to
maintain constant brightness as the screen
diameter is increased, assuming constant reso-
lution at the screen, constant spot size, and
constant number of lines, and (b) the increase
of tube voltage to maintain constant brightness
as the number of scanning lines is increased,
the frame frequency being unchanged.

621.397.335 2649

The Locked Oscillator in Television Re-
" ception—K. Schlesinger. (Proc. N.E.C, (Chi-
cago), vol. 4, pp. 337-350; 1948.) Synchroniza-
tion by amplitude separation of timing and

Abstracts and References

picture signals does not always offer adequate
noise protection. Conditions can be improved
by using high-Q circuits to select a narrow
spectrum around the line-scanning frequency.
The number of lines effectively linked in phase
is increased by using a locked oscillator tuned
to the average line frequency and directly
synchronized by the signal input. Q is thus
increased by regeneration. Theoretical poten-
tialities of such systems are indicated and a
successful practical solution is discussed.

621.397.5:535.88 2650

An Improved Schmidt Plate—D. B. G.
Hawkins. (Phil. Mag., vol. 40, pp. 670-679;
June, 1949.) The profile of an improved
aspherical plate is calculated which minimizes
the off-axis errora of Schmidt cameras over an
given field. The color error is small compared
with the off-axis errors for wide angular fields.

621.397.5:535.88 2651

Large-Screen Television—R. V. Little, Jr.
(Proc. N.E.C. (Chicago), vol. 4, pp. 352-361;
1948.) Discussion of the basic elements of the
direct-viewing system and the intermediate-

- film system.

621.397.5:535.88 2652

Demonstration of Large-Screen Television
at Philadelphia—R. Wilcox and H. ]J. Schlafly.
(Jour. Soc. Mot. Pic. Eng., vol. 52, pp. 549-
560; May, 1949.) A description of experiments
with RCA equipment in the Fox-Philadelphia
theatre, June, 1948. Screen brightness was in-
creased by use of a crt voltage of 80 kv and an
aluminized screen with controlled directional
characteristics.

621.397.5:535.88:791.45 2653
Theater Television System—R. Hodgson.
(Jour. Soc. Mol. Pic. Eng., vol. 52, pp. 540~
548; May, 1949.) A review of the development
and performance of the intermediate-film
method adopted by Paramount Pictures.

621.397.6:621.385.832 2654

Mass-Production Techniques for Televi-
sion Kinescopes—D. Y. Smith. (Proc. N.E.C.
(Chicago), vol. 4, p. 186; 1948.) Summary only.

621.397.6:778.3 2655

Video Recording 1'echnics—G. H. Gordon.
(Tele-Tech, vol. 8, pp. 31-33, 63 and 29-31, SS;
May and June, 1949.) A detailed description
of equipment using 16-mm film for photo-
graphing direct from a television cathode-ray
tube. Film speed is 24 frames per second. The
arrangements for conversgion from the standard
American television rate of 30 frames per sec-
ond are discussed. Standard films are satisfac-
tory.

621.397.61 2656

Experimental Transmitting and Receiving
Equipment for High-Speed Facsimile Trans-
mission: Part 2—Details of the Transmitter—
D. Kleis, F. C. W. Slooff, and J. M. Unk.
(Philips Tech. Rev., vol. 10, pp. 257-264;
March, 1949.) Part 1, 2338 of September. Part
3, 2657 below.

621.397.62 2657

Experimental Transmitting and Receiving
Equipment for High-Speed Facsimile Trans-
mission: Part 3—Details of the Receiver—F.
C. W. Slooff, M. van Tol, and J. M. Unk.
(Philips Tech. Rev., vol. 10, pp. 265-272;
March, 1949.) Part 2, 2656 above,

621.397.62 2658

New Television Receiver without Trans-
formers. Design with Interchangeable Units—
R. Aschen. (TSF Pour Tous. vol. 25, pp. 129-
133, 169-173, 205-212, and 244-246; April and
August, 1949.) Detailed description of a re-
ceiver comprising four units, each with its own
power supply. Interaction between the four
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units can easily be avoided by operating them
suthiciently far apart and any unit can be
changed without affecting the others. The units
are respectively (a) video receiver, (b) sound
receiver, (c) time base unit, and (d) 7-kv supply
unit for the cathode-ray tube. Stagger tuning
is used in the video circuit and blocking oscil-
lators in the line and image timebases. Detailed
circuit diagrams are given in all cases. Pertinent
circuit formulas and timebase refinements are
discussed in an appendix.

TRANSMISSION

621.392.53:621.396.645 2659

Investigations on Path-Time Distortion in
Carrier-Frequency Amplifiers—Schaffstein.
(See 2494.)

621.394.61:621.396.029.52 2660

Valve Loading and Signal Shape for
Slightly Damped Long-Wave Telegraphy
Transmitters—A. Ruhrmann. (Fernmeldetech.
Z., vol. 2, pp. 147-152; May, 1949.) The
effect of the loading of the transmitter output
tube on the signal shape is discussed. A con-
siderable improvement in signal shape can be
effected by the use of feedback. Transmitter
operation is congidered by reference to the
equivalent circuit and the characteristics of
2-stage and 3-stage transmitters are discussed.
The latter have definite practical advantages.

VACUUM TUBES AND THERMIONICS

621.3.015.3:621.385 2661

The Surge Testing of High-Vacuum Tubes
—H. ]J. Dailey. (Proc. N.E.C. (Chicago), vol.
4, pp. 187-199; 1948.) A method for initiating
flagh arcs and the results of such arcs under
various conditions are described. Damage is a
function of tube gas pressure, electrode con-
figuration, and arc current. Suggestions are
made for minimizing arc effects.

621.385 2662

Operating Conditions for the Optimum
Working of Output Valves in High-Power
Broadcast Amplifiers—N. L. Bezladnov.
(Radiotekhnika (Moscow), vol. 4, pp. 5-15;
January and February, 1949. In Russian.)
The optimum working of a tube is secured
when £, k, and A tend simultaneously to unity,
where £ is the ratio of peak voltage swing to
steady anode voltage, & is the ratio of maxi-
mum anode current to saturation current, and
A is the ratio of maximum anode current to
permissible anode dissipation. Each of these
conditions is examined separately and the
necessary tube parameters and operating con-
ditions for satisfying them are discussed.
Practical suggestions are given.

621.385 2663

Trends in Electron Tube Design—W. C.
White. (Trans. AIEE, vol. 67, part 1, pp.
796-808; 1948.) See 1827 of July.

621.385-713 2664

A Transmitting Valve Cooler with Increased
Turbulence of the Cooling Water—M. ]J.
Snijders. (Philips Tech. Rey., vol. 10, pp. 239~
246; February, 1949.) Details of a cooling
system using rings of jets round the anodes of
high-power tubes.

621.385.029.62 2665

Glass Transmitting Valves of High Effi-
ciency in the 100-Mc/sRange—E. G. Dorgelo.
(Philips Tech. Rev., vol. 10, pp. 273-281;
March, 1949.) Reasons for preferring a coaxial
cylindrical construction are given. Special
features include a spiral cathode of thoriated
tungsten, a nonemissive grid, a graphite anode
with horizontal cooling fins and shaped like a
cotton reel, and a shield to reduce the tem-
perature of the lower part of the all-glass
envelope. In the triodes, the shield is con-
nected to the grid, so that the tubes can be
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used in grounded-grid circuits without neutro-
dyning even at 200 Mc. In the tetrodes, the
shield is connected to the screen-grid and
neutrodyning is necessary only above about
100 Mc. Details are given of the triode TB
2.5/300 and the tetrode QB 2.5/250, with
anode dissipations of 135 watts and 125 watts
respectively and an efficiency of 65 to 70 per
cent at 100 Mc. Larger tubes, with dissipation
up to 540 watts, are in course of development.

621.385.029.63/.64 2666

On the Propagation of Waves along a
Coaxial Spiral Line in the Presence of an
Electron Beam—L. N. Loshakov, (Zh. Tekh.
Fiz., vol. 19, pp. 578-595; May, 1949, In
Russian.) A mathematical analysis. The inner
conductor of the line is of spiral form. The
problem was solved in a general way by the
use of equivalent circuits by Pierce (2284 of
1947) and Bernier (4066 of 1947). Here a
specific retardation system—the spiral line—is
considered, which for centimeter waves is ap-
parently the most suitable. From Maxwell’s
equations and an equation of electron travel,
expressions are derived determining the field
structute of waves propagated in the line. A
particular case is discussed.

621.385.029.63/.64 2667

A Periodic-Waveguide Traveling-Wave
Amplifier for Medium Powers—G. C. Dewey.
(Proc. N.E.C. (Chicago), vol. 4, p. 253; 1948.)
Summary only. The most successful waveguide
for use as a power amplifier, with the best
gain and bandwidth characteristics and propa-
gating a useful slow mode, is singly corrugated
coaxial transmission line with the corrugations
on the inner conductor. Such an amplifier has
been built giving 10 db gain at 40 watts output
and a bundwidth at 4,600 Mc of 70 Mc between
3-db points. Results confirm theory to a
marked degree and suggest that even better
results are possible. The tube appears to be
capable of 100 times the power output of the
Pierce helix-type traveling-wave amplifier at
any frequency.

621.385.029.63/.642621.396.645 2668

A Note on Filter-Type Traveling-Wave
Amplifiers—]. R. Pierce and N. Wax. (Proc.
I.R.E., vol. 37, pp. 622-625; June, 1949,
Small-signal analysis of systems in which an
clectron beam interacts with a circuit coinposed
of discrete filter elements. The interaction be-
tween a line beam and a series of gaps, which
are capacitive elements of a filter structure, is
discussed. An admittance arising from the
presence of the electrons can be introduced,
which is in parallel with the gap capacitance
and will thus alter the propagation factor of
the filter circuit. Traveling-wave solutions
exist for the combination of electron beam and
filter circuit; there is a solution with a positive
real part, indicating that amplification will
occur,

621.385.029.63./64 2669

On the Mode of Operation of the Travelling-
Wave Valve —O. Déhler and W. Kleen. (Arch,
Elek. (Ubertragung), vol. 3, pp. 54-63 and
93-100; February and March, 1949.) The
construction and operation of such tubes are
briefly discussed. The power gain is of the
order of 20 db. The bandwidth may exceed 100
Mc. Approximate calculations indicate that the
over-all efficiency of the tube cannot exceed
a few per cent. The theory for large signals
shows that with present technique the maxi
tnum power that can be handled is only 0.5 to 1
watts. Discussion of space-charge effects ex-
plains the difference between measured values
of amplification and values calculated without
taking account of space-charge effects. See also
250 and 251 of February and 2089 of August.
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621.385.032.21 2670

Alkali-Metal Alloys for Cathodes of Power
Electronic Tubes—]. A. M. Lyon and C, k.
Williams, (Proc. N.E.C. (Chicago), vol. 4, pp.
179-185; 1948.) An account of experiments
with sodium-amalgam and potassium-amalgam
cathodes in glass and in metal envelopes. A
potassium-amalgam tube is described which
operated satisfactorily in an inverted position
for about half an hour.

621.385.032.216 2671

Pulse Emission Decay Phenomenon in
Oxide-Coated Cathodes—G. K. IFeaster. (Jour.
Appl. Phys., vol. 20, pp. 415—416; April, 1949.)
The cathode fatigue effect which sometimes
occurs during high-power pulse emission from
BaO-SrO cathodes is ascribed to poisoning.
Experimental evidence of this is discussed.
The decay is only obtained when clectrons
bombard a portion of the anode containing a
poisoning agent. The question whether oxygen
can cause the decay is still being investigated.

621.385.2:537.525.92 2672

Note on Space-Charge Considerations in
Test-Diode Design—E. A. Coomes and J. G.
Buck. (Proc. 1.R.E., vol. 37, pp. 626-627; June
1949.) For test diodes of axial symmetry, the
minimum variation in the slope of the space-
charge line for small variations in the anode
radius 7a and cathode radius r. occurs when
rafrc=3.16,

621.385.2:621.396.822 2673

Current Fluctuations in a Plane Diode,
taking account of Space Charge and Transit
Time—A. Pérez. (Compt. Rend. Acad. Sci.
(IParis), vol. 228, pp. 1482-1484; May 9, 1949.)
Starting from published tables (2977 of 1948),
new tables have been derived covering the
low-frequency range. In the decimeter-wave
region there should be an increase of the tluc-
tuations with frequency, due to the PPoisson
emission of electrons. This may to a certain
extent explain the high noise values ohserved.

621.385.2.032.216 2674

Testing Cathode Materials in Factory
Production—]J. T. Acker. (Proc. L.R.E., vol.
37, pp. 688-690; June, 1949.) Discussion of
standard forms for reporting the results of
tests of initial shiinkage, initial tube charac-
teristics, and life tests, in order to determine a
figure of merit for the material. Sce also 2673
below.,

621.385,2.032.216 2675
A Standard Diode for Electron-Tube
Oxide-Coated Cathode-Core-Material Ap-

proval Tests—R. L. McCormack. (Proc,
LLR.E., vol. 37, pp. 683-687; June, 1949)
Report of the work of a committee set up by
the American Society for Testing Materials to
prepare a specification for a standard diode
test. Construction details of the standard
diode are tabulated and illustrated; standard
parts have been mmade available to interested
companies. A cathode-temperature emission
characteristic for each test lot is taken at anode
voltage 40 volts, and compared with the same
characteristic for a4 standard material. A figure
of merit is deduced. Satisfactory correlation
between tests by diffcrent companies was thus
achieved; in one case surface contamination of
a particular sample was established as a result
of the tests. Additional tests are briefly dis-
cussed. See also 2674 ahove, .

621.385.3 2676

The Dyotron Tube as a Very-High-Fre-
quency Oscillator—R. A. Dehn. (Proc. N.E.C.
(Chicago), vol. 4, p. 220; 1948.) Summary only,
See also 2979 of 1948,

October

621.385.832:[537.291+538.691 2677

Electron Beam Deflection. Part 2—Applica-
tions of the Small-Angle Deflection Theory—
R.G. E. Hutter. (Jour. Appl. Phys.,vol. 18, pp.
797-810; September, 1947.) The theory dis-
cussed in part 1 (609 of 1948) is applied to
detlection ficlds produced by parallel plates,
parallel wires, semi-infinite coplanar sheets,
and bent plates. Results are shown graphically.
An electrolyte-tank potential-plotting device
used for experimental verification is described.
The deflection depends on the initial conditions
and its relationship with field strength is
slightly nonmlinear. The resulting distortions
of the spot and the crt pattern are calculated
for several deflection fields and beam shapes,
and methods of reducing such distortion are
considered.

621.385.832:621.397.6 2678
Mass-Production Techniques for Television

Kinescopes—I1). Y. Smith. (Proc. N.E.C.
(Chicago), vol. 4, p. 186; 1948.) Summary
only,

621.396.615.142 2679

Pulsed Reflex Oscillator—( Electronics, vol.
22, p. 130; April, 1949.) Brief description of a
rugged, miniature, v.m., external-cavity os-
cillator tube, Type QK-205 (RMA Type
5721), which can generate frequencies from
2,000 to 12,000 Mc. Operating charactetristics
are tabulated.

621.396.645:537.311.33:621.315.59 2680

The Transistor—Its Properties and Charac-
teristics—\\'. I1. Brattain and J. Bardecen,
(Proc. N.E.C. (Chicago), vol. 4, p. 32; 1948.)
Sumimary only. See also 264 of February.

MISCELLANEOUS

621.38/.39(43) 2681

German Electronics in World War II—
A. H. Sullivan, Jr. (Elec. Eng., vol. 68, pp.
403-409; May, 1949.) Much effort was devoted
after 1943 to radar antijamming devices, but
with little success. Radio, radar, infrared, prox-
imity fuses, tubes, ceramics, components, and
navigational devices were also investigated.
Apparatus of various kinds listed below is
briefly discussed: (a) radar; Freya, Wiirzburg
and Jagdschloss types, (b) radio; Type FuG
16 vhf aircraft equipinent, which wasextremely
sclective and stable; Type FuG 24, a mass-
produced equipment weighing only 35 Ib, with
frequency range 37 to 50 Mc; the Peil G6
standard direction-finding receiver; (¢) V-1 and
V-2 rockets, (d) Tonschreiber and magneto-
phon magnetic tape recorders; (e) metal-lens,
iron-core, and multi-eletnent dielectric an-
tennas, (f) a cathode-ray tube having two colors
with different afterglow periods, (g) the Blau-
schrift, Mocos, and Krawinkel storage tubes,
(h) carbon-filin resistors, (i) inductors formed
by depositing metallized coatings on ceramics,
and (j) synthetic-mica and metallized-paper
capacitors,

621.396 2682

The Radio Amateur’s Handbook [Book
Reviewl—Headquarters Staff of the American
Radio Relay lLeague. American Radio Relay
League, West Hartford, Conn., 26th edition,
1949, 605 pp., 15s.6d. (1¥'ireless World, vol. 55,
p. 215; June, 1949.) Most of the chapters have
been revised, particularly in the case of vhf,
microwave, and antenna cquipment. 52 pages
of tube data are included. Obtainable from
A. F. Bird, 66 Chandos Place, London, W.C.2,
at 16s.3d., including postage, or through the
Radio Society of Great Britain, New Ruskin
House, Little Russell St., London, W.C.2, at
12s.6d., including postage, for delivery from
America.
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Sheet, Strip,
Rod, Wire, Tubing,,
Clad-steel, Castings.

ICKEL

Its practical cost astonishes users almost

—

CHEMICAL COMPOSITION

The nominal composition of com-
mercially pure wrought Nickel is:

Nickel® ..ovveverrnrnecnonnsnans 99.4%
COPPEL .. vvviinnrnnasennonsanss 01
| £« ST 0.15
Manganese ......ocociieiiiianien 0.2
SiliCOn +.vvvvvrieririnaanasiorans 0.05
Carbon ...ocvvveviernnencaesonnns 0.1

*Including cobalt

PHYSICAL CONSTANTS

Specific Gravity.......cocovieninnas 8.89
Density, lb. per cu. in.............. 0.321
. . 2615-2635°F.

Melting Point........... 1435-1445°C.
Specific Heat at (80-212°F.)....... 0.130
Heat Expansion Coefficient at (80-212°F.),

per *EL el e el e ele s 0.0000072
Thermal Conductivity at (80-212°F.),

Btu/sq. ft./hr./°F./in......oooeetn 420
Electrical Resistivity at 32°F.,

ohms/cir. mil. fto.....ccovviiiinnn. 63
Temperature Coefficient of Electrical

Resistivity per °F......... 0.0022-0.0028
Modulus of Elasticity

In tension, Psi....ooovuvvnns 30,000,000

In tOrsion, P8i......covvvvns 11,000,000
Poisson’s Ratio .................... 0.31

MECHANICAL PROPERTIES

The following figures for Standard
Cold Rolled Sheet are typical, though
the figures will vary for different
forms and tempers.

Tensile Strength....... 55,000-80,000 psi
Yield Strength (2% offset)

15,000-45,000 psi
Elongation in 2 in.......0000veen 50-35%
Rockwell B Hardness.............. 40-70

AVAILABLE FORMS

Wire Bar Plate Pipe
Rod Angles Sheet Strip

Seamless and Welded Tubing
Sand and Precision Castings
Clad-Steel Plate and Strip Welding Rods

. ——C——

much as its distinctive characteristics

It is a strange and interesting metal, Pure Nickel. A kin of both
the base metals and the precious metals. Among all the elements,
no other metal possesses its unique combination of so many differ-
ent and uncommon properties.

@ It is highly resistant to corrosives that destroy many other metals—alkalies,

many acids, salts, organic compounds, fumes.

® It has mechanical properties like those of structural steel.

® Yet itis so ductile that it can be worked into the most intricate and delicate

shapes that are practical in metal.

@ It protects the purity of sensitive foods, beverages and pharmaceuticals

against contamination.

@ It often provides a faster rate of heat transfer than metals with equal heat

conductivity.

@ Its special electronic properties make it a standard metal for electronic uses.

@ It offers rare electrical and magnetostrictive characteristics that often give

theoretical ideas a birth of practical value,

@ It can be exposed to temperatures ranging into yellow heat and even hot-

ter in the absence of sulphur.

@ At sub-zero temperatures its strength increases without change in ductility

and toughness.

® It is a standard metal for the cladding of steel, and as a base for gold,

palladium and silver-clad products.

And one of the most valuable of all its features is the fact that
Pure Nickel is a practical metal at a practical price.

Does it stimulate an idea of how you may find an easy answer to a
difficult problem?

Our booklet, "Inco Nickel Alloys for Electronic Uses'’ gives the
important facts you want. It's yours for the asking.

The International Nickel Company, Inc,

87 Wall Street, New York 5, N.Y.
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ECIFY....*
COSMALITE

For high voltage power supply circuits of television receivers, specify our
7102 COSMALITE COIL FORM. Note the sturdy, heavy-wall construc-
tion . . . the clean-cut, accurate, punched holes and notches. Ask about
the many other advantages of these outstanding Cosmalite Coil Forms.

(right)

COSMALITE COIL FORMS WITH COLLARS, made from our =96 Cos-
malite, are a fibre base phenolic tubing, also of the highest quality at the
lowest production cost. Specify that the collars be included and positioned
on the core and thus secure a snug fit and an electrically stronger assembly.

COSMALITE is a proven product backed by over 25
years of experience.

*Reg. U. S. Pat. Off

% CLEVELAND CONTAINER

201 BARBERTON AVE, CLEVELAND 2, OHIO

PLANTS AND SALES OFFICES ot Plymouth, Wisc, Chicogo, Detroit, Ogdensburg, N.Y., Jamesburg, N.J
ABRASIVE DIVISION at Cleveland, Ohio
CANADIAN PLANT: The Cleveland Container, Canado, Ltd., Prescot, Ontario

REPRESENTATIVES

CANADA WM. T. BARRON, EIGHTH LINE, RR ¢1, OAKVILLE, ONTARIO
METROPOLITAN |
NEW YORK | R T MURRAY, 614 CENTRAL AVE, EAST ORANGE, N.j
NEW ENGLAND E. P. PACK AND ASSOCIATES, 968 FARMINGTON AVE
WEST HARTFORD, CONN

BEAUMONT-POKT ARTHUR

“Naval Reserve Communications,” by Com
mander C. B. Trevey, USNR; July 28, 1949

CEDAR RaAriD~

“Engincering Aspects of the Transistor,” and
“A New Microwave Tube.” by R. M. Ryder. Rell
Telephone Laboratories: April 25. 1949

INDIANAPOLIS

“A Record Changer and Record ot Comple
mentary Design,” by W. W Webher, RCA Victor
Division; March 25, 1949

“Phase Distortion in Audio Systems," by L. A
Di Rosa. Federal Telecommunications l.abora
tories; and Election of Officers; April 22, 1949

“Transistors,” by J. A. Morton. Bell Telephone
Laboratories: April 29, 1949

“Noige Filters,” by R. O. Lewis, lLewis En
gincering Company May 27. 1949

NEW MEXIC

A Visual Method of Audio Frequency \naly
sis.” by L. E. Boltz, Student; “Dircctional Antennas
for the Broadcast Band.” by F P. Stoklas, Student
May 13. 1949

“Problems of Television Installation. Main
tenance, Testing, and Personnel Training in New
Mexico,” by G. S. Johnson, Manager and Chict
Engineer of Radio Station KOB-TV: July 15. 1949

SACRAMENT

“Status of Television in Northern California
by A. Isherg, Chief Encineer, San Francisco Chron
icle Television Station: May 10, 1940

*Broadcast Quality Magnetic Tape Record-
ing,” by W. B. Fletcher. RC\ Service Company
May 24. 1949

SAN DieGe

“Radio Astronomy,” by C. R. Burrows. Di
rector, School of Electrical Encincering, Cornel
University: August 2 1049

'OLEDO

*Broadcast Studio Mixing and Switclung Sys
tems,” by A. Friedenthal. Radio Station WJR: and
Election of Officers: Junc 20. 1949

SUBSICTION ~

AMARILLO-LUBBOCK

“Fundamentals of Radio,” by ¢ Houston
Faculty of Texas Technological College: June 14
1949

STUDENT ;

BRANCH

9} MEET]NBSJ
e

ALanaMa PoLvTECHNIC INSTITUTE—IRE

BRaNCH
“Three-Dimensional Presentations on C-R Os.
cilloscope. A AL Caldwell, Student: July 18,
1949

“Low-Level Audio Circuit Problems,” by J. M
Walters, Student; Film on Electronic Tubes: August
1. 1949

(Continued on page 36A
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irst Choiee

of WISCONSIN CENTRAL AIRLINES

WIS completely equips all ground stations
and aircraft with witcox radio

VHF AIR-BORNE COMMUNICATIONS

WILCOX TYPE 361A—50 watt transmitter, high sensitivity receiver, and com-
pact power supply —each contained in a separate 2 ATR chassis. Receiver and
transmitter contain frequency selector with provisions for 70 channels...ample for
both present and future needs.

VHF GROUND STATION PACKAGED RADIO

WILCOX TYPE 378A—Complete with Type 364A, 50 watt transmitter, 305A
Receiver, common antenna, telephone handset and loudspeaker, desk front, mes-
sage rack and typewriter well. Type 411A LF Transmitter may be installed in the
same cabinet for radiobeacon facilities.

MULTI-FREQUENCY GROUND STATION TRANSMITTER

WILCOX TYPE 99A—Provides simultaneous transmission on LF, MHF, and VHF,
frequencies. Housed in a single steel cabinet, the rectifier, modulator, remote con-
trol, and 4 transmitting channels combine to make the most compact multi-frequency

v V transmitter in the 400 watt field.
\A' E WRITE TODAY...for complete information on all types of point-to-point,

air-borne, ground station, or shore-to-ship communications equipment.

WILCOX ELECTRIC COMPANY

KANSAS CITY MISSOURI
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AIRCRAFT
RADIO
CORPORATION

—Smplified
~-Compact
—-Portahle '

@ 900-2100 negacycles, Built to
single band Navy Specifications
for research
and production
testing

® Directly calibrated, single
dial frequency control

Directly calibrated

attenuator, 0 to <120 dbm N

CW or AM pulse modulation

Internal pulse generator with controls for width,
delay, and rate. Provision for external pulsing

Controls planned and grouped for ease of
operation

Weight: 42 lbs. Easily portable—ideal for air-
borne installations

Immediate delivery

Write for specifications — investigate the
advantages of this outstanding new instrument,

DEPENDABLE ELECTRONIC EQUIPMENT SINCE 1928

/]ircrcﬂ Radio Corporation
' BOONTON, New lJersey

e
by AP STUDENT  /
the BRANCH |

Al

(Continued from pay 414

CALIFORNIA STATE POLYTECHNIC COLLEGE

IRE Bgrancn
Election of Officers; April 11, 1949
“Applications of Digital Computers.” by S. P
Fra > F v 1if. }
College: May 16, 1949
UNIVERSITY OF DAYTON—IRE BRraNCI
t 2]

WKLO; May 26, 1949
Cry 1

S

The following transfers and admissions
were approved and will be effective as of
October 1, 1949

Transfer to Senior Member

A n. F. W Dow. Lohne nd A rtson
Mumsey Bldg.. Washington 4, D. C
Brown, M. H.. 14851 Wadkins Ave., Gardena, Calif
Bunday. D. L., 2316 Carnation, Fort Worth 11, Tex
Gihring. H. E., 5103 Westwood Lane, Merchant

vi N.J
Kerr. E. ] S.I.R.. Ra ,abor
University Grounds, City Rd., Chippen
1le, Sy y. N.S.\W tr.
Muniz. R.. 154 Mortimer Ave ath d, N.J

Stevens, S. S.. 225 Overdale St., St. James, M
ancg
T E.. 102 Bynner St.. Jamaica Plain
Mass
Zelle, J. F..1 \d C i 3. Ohi

Admission to Senior Member

Alnswi M. J.. 17544 R rS Nor id
Calif

Coltman. J. W., 256 Cascade Rd.. Pittsburgh 21
Pa

Gormley R 3 40 )-l SY 1dec \

Hollis, W. C., 458 77 St., Brooklyn 9. N. Y

Transfer to Member

\ndersen, A., 103 Osborne Ave.. Baltimore 28, Md
e. D. E., 75 Morris Ave., Manasquan, N. ]
Dasgupta, S. M., Government Engineering College,

Jubbulpore, C.P., India

Ganguly. S 19 Chakrabere Rd.. S.. Calcutta
25, India

Harmatuk. S. N.. 1575 Odell St.. New York 62
N.Y

361 PROCEEDINGS OF THE I.R.I




(Continued from page 36A4)

Hulse. B. T., Physics Dept., University of Wyo-
ming. Laramie, Wyo
McNulty. J. W.. 2500 Noble Ave.. Alamedo, Calif.

Meth, 1., 612 Marcy Ave.. Brooklyn 6, N
Pittsley. E. L., R.D. 1, Reynolds Rd., Johnson
City, N. Y

Admission to Member

Bastow, W. R
Bowles, M. E

. 5 Sherwood Rd.. Natick. Mass
3056 McFarlin Bivd.. Dallas 5,

ex

Creaser, C. W., Jr., 62 Stockdale Rd., Needham
M

Grobler. J. ]J.. Box 31, Benoni, Transvaal, South

Jacobson. R. E., Jr., 2814 E. Silver Ave.. Albu-

M

| 2 O | {iss 1
D.C

A y, W. M c nee
Univers ning, L v

s y. F. GG., 23A Savage St., Charleston 4, S. C

Mitra A K . l ymm ication r. ro Com
municat Station, Dum Dum A\irport

Se 1, H., K Instrur D )-08 45
\ve., | LI.NY

324th Strategic Reconnaissance
Squadron, McGuire Air Force Base, N. J

Bayswater Hall, 46 Kensington
Gardens Sq., London W. 2, England

The following admissions to Associate
were approved, to be effective as of Sep-
tember 1, 1949:

Aleo, J.. 2212 Aerial St., Dayton 9, Ohio
Allen, C. A., 403 S. Third St., Homer, La

Allen, R. C., Jr., 131 Washington Pl., Ridgewood
N.J

Anderson, F. A., 1294 Eighth Ave., Sacramento 14,
Calif

Anderson, W. L., 185 Gundry Dr., Falls Church, Va

Andrew, R. T., 121 East St., Wrentham, Mass

Archer. J. R., 4145 Sheridan Rd.. Chicago 13, Il

Bartolomei, H., 2043 Central Ave., Alameda, Calif

Beck. W. R.. 1415 S. Orange Grove, L.os Angeles 35,
Calif

Bellis, R. P., 50
N. ¥

Ganesvoort Blvd., Staten [sland,

Best, J. G., 1142 W. Beardsley Ave., Elkhart, Ind
M. J.. 4245 Magoun Ave.. East Chicago,
Ind

Butter, G. T., Jr., Rm, 1301, \"MCA, Dayton 2,

Chester, C. L., 3902 Santa Ana, South Gate, Calif

Clark, R. V., 14 Apple Tree Lane, Great Neck, L. |
N. Y

Cohen, G. S., 100 Hasbrouck St., Newbhurgh,

Cook, K. H., 118 W. 67 St., Kansas City, Mo

Ducastel, G., Rue D’Erquelinnes No. 64, Jeumont,
Nord, France

Edgerly, J. J.. 58 10 Ave., Charleston 30, S, C

Felix. E. A., Imperial Bank of India, Trichinopoly,
Madras Province, India

Flige), W. P., 1312 S. Maple Ave,, Berwyn,

Fox, M. L., 1232 W. Pratt Blvd., Chicago 26, 11

Garlock, J. W., 28 Westficld St., Providence 7, R. I,

Garrett, J. C., 2610 Winona St., Chicago 25, 11!

George, ]. E.. 100 W, 38 St., Kansas City 2. Mo

Gion. J. A.. 411 N. Jackson St., Glendate 6, Calif

Girling, K. W.. Barnes Bldg., Bridgetown, Bar
bados, B.W.1

Gormley, P. M., Kirkhill Farm, R.D. 2, German-
town, Md

Gould, E. W.. Florence Ave. and Teale St

City, Calif

E. O., 25 Chapel Ct., Norwood, Mass

(Continued on page 384)

N. Y.
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THESE THREE
NEW DEVELOPMENTS

1 GC CERAMIC CARTRIDGE

First major engineering stride in phonograph pickyp cartridges employing
ceramic elements since Astatic pioneered in this type unit last year. The GC is the
first cartridge of its kind with replaceable needle. Takes the special new Astatic
“Type G’ needle

—which slips from its rubber chuck with a quarter turn sideways.

with either one or three-mil tip radius, precious metal or sapphire
Resistance of
the ceramic element to high temperatures and humidity is not the only additional
advantage of this new development. Output has been increased over that of any
ceramic cartridge available. Its light weight and low minimum needle pressure

make it ideal for a great variety of modern applications.

2 CQ CRYSTAL CARTRIDGE

An entirely new Astatic design, featuring miniature size and five-gram
weight. Model CQ-J fits standard 1 2" mounting and RCA 45 RPM record changers.
Model CQ-1] tits RMA No. 2 Specifications for top mounting .453” mounting centers.
Needle pressure five grams. Output 0.7 volts at 1,000 c.p.s.
radius, Q-33 needle. Cast aluminum housing.

Employs one-mil tip

3 LQaD Double-Needle Crystal Cartridge

The LQD Cartridge—for 45, 33-1/3 and 78 RPM Records— quickly became
the first choice of many of the nation's largest users, on the basis of comparative
listening tests, is, today, the PROVED TOP PERFORMER for turnover type
Outstanding for excellence of frequency response, particularly at low
frequencies. A gentle pry with penknife removes ONE needle for replacement
without disturbing the other needle, without removing cartridge {rom tone arm.
Available with or without needle

and
pickups.

Gentle pressure snaps new needle into place.

qguards. Stamped aluminum housing.

Astatle
rystel
evices
menulectured
under
Brush
Development
Co. patents

ION
CoRPORATLY,
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MEASUREMENTS

Model 82

20 CYCLES 10 50 MC.
IN ONE INSTRUMENT!

HIS new laboratory Standard is designed for the extremely wide
frequency coverage of 20 cycles to 50 megacycles, employing
two specially designed oscillators. d

A low frequency oscillator, in the range from 20 cycles to 200 kilo-
cycles, provides continuously variable, metered output from 0 to 50
volts across 7500 ohms. This is sufficient for most measurements at
audio and supersonic frequencies. It may also be used as the modula-
tor for the radio frequency oscillator.

A radio frequency oscillator covers the range from 80 kilocycles to 50
megacycles. It provides metered output, continuously variable with
an improved mutual inductance type attenuator, from 0.1 microvolt
to 1 volt. This voltage range makes possible most receiver measure-
ments including the determination of a.v.c. characteristics and inter-
ference susceptibility.

SPECIFICATIONS:

Frequency konge: 20 cycles to 50 megocycles. (20 cycles to 200 kilocycles in four ronges;
80 kilocycles to 50 megocycles in seven ronges; plus one blonk range.})

Frequency Calibrotion: Direct reading diol, individually colibrated for each range

Frequency Accuracy: 20 cycles ta 200 kilacycles, accurate ta + 5%. 80 kilocycles to 50 mego-
cycles, accurate to + 1%

Output Voltoge and Impedance: 0 ta 50 valts ocross 7500 ohms fram 20 cycles to 200 kilo-
cycles. 0.1 micravolt to ) volt ocross 50 ohms over most of the range from 80 kilocycles ta 50
megacycles. [Iimproved mutuol inductonce type attenuotor.) The output volltage or impedance of
either range con be chonged by the vse of external pads

Modulation: {80 KC—50 MC ronge) Continuausly vaoriable from O to 50% from 20 cycles to
20 kilocycles by internal low frequency oscillator or external source

Harmonic Output: Less thon 1% from 20 cycles to 20 kilocycles; 3% or less from 20 kilocycles
to 50 megocycles

Leckage and Stray Field: Less thon | microvelt from 80 kilocycles to 50 megacycles.
Power Supply: 117 volts, 50 to 60 cycles. 75 watts.

Dimensions: 15” high x 19” wide » 12" deep, overall

Weight: 50 lbs

MEASUREMENTS
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{Continued from page 37A4)

Hallworth, F. D., Hq. 1932 AACS Sq.. APO 67

¢/o Postmaster, } Y N
Hameed, Q. A. Hameed, M. S Fy . Lud
P 1 D v
Ind
H H.. 4631 W C
M 13 3
H J 47 St. L
m
r E. R Fair L. Wilm
Calif
J..442 N.17.Su. ] 1
Jacobsc M. 1 5 Lenox Rd., Brooklyn N
a. S., Box 1755 Wai u M
y. J. R.. 1805 \Va \ s
r. N. E. R 1
en. R. W 12-30 Nas | i t. All
NN
Kukasch, H. L., 1019 \Woodycrest Ave.. New York
52, N. Y
A ¥)6 Avon L P
wis, G, E., 18948 Marlowe Ave., Detroit, M
l.ux. K. E.. 204 \. 17, St. Joseph. Mo
Mangru, S. J ville, Trinidad. B.\V.1
M: A S T n
M 3119 Sixth & Arthur, Tex
e Jr.. 23¢ St TOWT T
W 41 X
L
] J.C 4
1 I
z S . H.8tN Z 5
134 \
1 N
| H 4
4 8 \
\
N.Y
b D 5 W
M £
W 548 \\ 8
C ) 244 S St t. Lo 8. M
N, 3060t 1C HQ Sq
V.PA 3., Day |
1
M
N
35. M
\W C
3 N v
N Y
52\ D 1
N. Y
1 \ N
W ’ 431 F v
Witty. H. E 1

Supplementary List
elections to Associate

+ M
C. Jr B

Cline, B, V., 1 W

Eager. G. S.. }

September 1, 1949
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(Continued from page 38A)

The following transfers to the Associate
grade were approved to be effective as of
August 1, 1949:

Berkenkamp. F. J., 732 W_Onondaga St., Syracuse.
N. Y
Carrell, R. M.. 15 W. Coulter, Collingswood 7. N. )
Ciletti, V. J.. 3307 Hartel Ave., Philadelphia 36, Pa.
Eigner. H.. 54 West 175 St.. New York §3. N. Y.
Geary. L. W., 5506 Parkland Ct.. Washington 19.
D.C
A., 120 S. Randall Ave.. Madison 5, Wis.
Levy. B.. 2023 Washington Ave.. New York 57,
N. Y
Meyer. R. C.. Jr.. 9 Curtiss Pl.. New Brunswick
N.J
T.. 202 Harrison St., La Porte. Ind
F. E.. OTD. The Ordnance School. Aber-
deen Proving Ground. Aberdeen, Md
Sahsbury, J. D., 925 W. Seventh, N., Salt Lake City
Gell, R. L.. 7233 Vincent Ave.. S., Minneapolis 19,
Minn
Stambaugh, D, W., 738 Fifth .. Columbus, Ind
Stonesifer. R. A.. 20 Shaffer Ave., Ridgway. Pa.
Strain. D. C.. 3635 S.E. Hawthorne. Portland 1S,
(

T weon. L. H B ham Ave.. Norfolk S

\iincent. \V. R.. ¢ o Paul Hedtler. Chestnut Ridge

4. Lockport. N. Y
Wing, R. Y.. 200 Talbot Ave.. Santa Rosa,. Calif

News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical

information. Please mention your ).R.E. affiliation.

(Continued from page 184)

New
Whip-Type
Antenna

A new mobile antenna to cover
the 75-meter band has been in-
troduced by Premax Froducts,
Niagara Falls, N. Y

| I'his  design incorporates a
special base-loading coil and a
graduated or tapering whip of
about 6 feet in length, giving a
total over-all length of about 88
inches.

] It is claimed that this type of
antenna shows about a 6-db gain
over the conventional “whip”
types. Such a gain is of importance
to the user as it equals the

I quadrupling of transmitter power
and increases the effectiveness and

r)'ll range of mobile operations, hoth
on transmission and on reception,
without involving any great ex
pense for equipment. Reports state
the use of this antenna has gone a
long way in offsetting many of the
difficulties encountered in the 75
| meter band

37}

(Continued on page 424)
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MANY TYPES
AVAILABLE FROM
STOCK
and through
Shallcross
parts distributors

ATTENUATORS

ALL STANDARD FIXED AND
VARIABLE TYPES

LADDER AND BALANCED
LADDER CONTROLS

L]
“T" CONTROLS
L
BALANCED “H" CONTROLS
POTENTIOMETERS
L]

VARIABLE IMPEDANCE
MATCHING NETWORKS

V.U. METER RANGE
EXTENDING ATTENUATORS

STANDARD AND SPECIAL
FIXED PADS

SPECIAL NETWORKS

Perhaps you’ve noticed how
frequently Shallcross attenuators now
appear in the finest audio or communi-
cations equipment? Or how often they
are chosen for replacement purposes?

There's a reason! Improved design,
materials and production techniques have
resulted in a line that sets new, higher
standards of attenuation performance for
practically every audio and communi-
cations use.

Shallcross Attenuation Engineering
Bulletin 4 gladly sent on request.

Shallcross Manufacturing Co.
Dept. PR-108 Collingdale, Pa.

RESISTORS— INSTRUMENTS — SWITCHES —ATTENUATORS

1949
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R. F. COMPONENTS-MICROWAVE-TEST EQUIPM

ENT

FEP i NIE —Q

1.25 CENTIMETER

"K' BAND DIRECTIONAL COUPLER CUI04/
APS-34 20 DB $49.50 ea.

"K' BAND FEEDBACK TO PARABOLA HORN,
with pressurized window ’ .....$30.00

MITRED ELBOW cover to cover . $4.00
TR/ATR SECTION choke to cover .$4.00
FLEXIBLE SECTION 1" choke to choke ....$5.00
ADAPTER, rd. cover to sq. cover $5.00

MITRED ELBOW and S sections choke to CS:JV;(;

WAVE GUIDE '3 x Y4 per ft. ..$1.00
K BAND CIRCULAR FLANGES ... .... 50¢
3J31 "K' BAND MAGNETRON . ...... $55.00
3 CENTIMETER
(STD. 1" x %" GUIDE UNLESS OTHERWISE
SPECIFIED) )
723 A/B Klystron mixer section with crystal
mount, choke flange and

Iris flange out
2.5

put $22.
TR-ATR Section for above with 724 ATR Cavity

$8.50
TWIST 90 deg. 4" long $8.00
90 degree twist, 6 inches long $8.00

723 AB Mixer—Beacon Dual Oscillator Mount
with Crystal hoider SIZ‘.OO
2 Way Wave directional coupler, type N fit
ting 14" x %" giude 2608 |
CG 98B/APG 13 12
oD $10.00

TR-ATR Section, APS 15 for |B24, with 724 ATR
Cavity with 1B24 and 724 tubes. Complete

flexible section 14" x %

$21.00

Crystal mount $17.50
Stabilizer Cavity with bellows $21.50
3 cm. 180° bend with pressurizing nipple
$6.00 ea.

3 cm. 90 bend, 14" long 90° twist with pres-
surizing nipple $6.00 ea.
3ecm. 'S curve 18" long $5.50 ea.
3 em. 'S curve 6" long $3.50 ea,

long
ea.
from parabola

3 ¢m. right angle bends,
cover to cover
3 em. Cutler feed dipole. |
mount to feed back $8.50 ea.
TWIST 45 deg.. & long $8.00
APS-3| mixer section for mounting two 2K25's.
Bcacon reference cavity 1824 TR tube. New
and complete with attenuating slugs $42.50 ea,
DUPLEXER SECTION for 1824 . $10.00
CIRCULAR CHOKE FLANGES, solid brass .55
$Q. FLANGES, FLAT BRASS ea. .55
APS.10 TR/ATR DUPLEXER scction with addi-
tional ins flange $10.00
FLEX, WAVEGUIDE . $4,00/Ft.
TRANSITION | /2 to I'/4 x 3%, 14 in. ..$8.00
X" BAND PREAMPLIFIER, consisting of 2-723
A/B local oscillator-beacon feceding wave-
gutde and TR/ATR Duplexer sect. incl. 30 me
Preamp $67.50
Random Lengths wavegd, 6" to 18" Lg. SI1.10/Ft.
WAVEGUIDE RUN. 14" x |, guide, consist-
ing of 4 ft. section with Rt. angle bend on
one cnd 2" 45 deg. bend other end $8.00
WAVEGUIDE RUN, %" x 4" guide, ;Iofé(-)
1o i
"X gI!AND PRESSURIZING gauge section
w I5-Ibs. gauge & Pressunzing Nipple $18.50
45 DEG. TWIST & Long $10.00
12* SECTION 45 deg twist, 90 deg bend $6.00
1S DEG BEND 10" choke to cover $4.50
5 FT. SECTIONS choke to cover, Silver Plated

“E" plane 18
$6.50

$14.50
18 FLEXIBLE SECTION $17.50
“E" PLANE BENDS $12.50
X' BAND WAVEGUIDE I'4" x %" OD 1 16

wall All um Per Foot $ .75
WAVEGUIDE | x '/; 1.D Per Foot $1.50
TR CAVITY For 724 A TR Tube $3.50

3" FLEX SECT. sq. flange to Circ. Flange Ag;?‘g

724 TR TUBE (41 TR | $2.50
SWR MEAS. SECTION, with 2 type "N output
probes MTD full wave apart. Bell size gutde
Silver plated $10.00
ROTARY JOINT with slotted scction and tygpe

N'" output pickup $17.50
WAVEGUIDE SECTION, 12" long choke to cover
45 deg. twist & 2 radius, 90 deg. ?:ns%

SLUG TUNER/ATTENUATOR, W. E. guide, gold
plated $6.50
TWIST 90 deg. 5 choke to Cover w/press nic

V ' $6.50
WAVEGUIDE SECTIONS 2/, ft: long silver

platea with choke flange $5
ROTARY JOINT choke to choke $17.50
ROTARY JOINT choke to choke with deck
mounting $17.50
3 cm. mitred elbow B plane unplated
$6.50 ea.

10 CENTIMETER
WAVEGUIDE TO %" RIGID COAX '"DOOR.

KNOB'" ADAPTER. CHOKE FLANGE. SIL.
VER PLATED BROAD BAND $32.50
WAVEGUIDE DIRECTIONAL COUPLER, 27 db
Navy type CABV 47AAN, with 4 in. slotted
section $32.50
$SQ. FLANGE to rd choke adapter, 18 in. long
OA 1%, in. x 3 in. guide, type "N’ output
and sampling probe $27.50
Crystal Mixer with tunable cutput TR pick up
loop, Type "N'' connecctors. Type 6%?85%
4,

Slotted line probe. Probe depth adjustable,

Sperry connector, type CPR-14AA0 $9.50
Coaxial slotted section, %" rigid coax with
carnage and probe $25.00
Waveguide Transition from 15" x 3" to 2" x
] $45.00
Right Angle Bend & radius E or H plain $27.50

Right Angle Bend 3" radius E or H plain—Cir
cular flanges $17.50
AN/APRSA 10 cm antenna cquipment consist
ing of two 10 CM waveguide sections, cach
polarized. 45 degrees $75.00 per set
APN.7 McNally Cavity for 707B, with tuning

slugs $5.50 ea.
VG65/v $8.50
VG53/v . $4.00
PICKUP LOOP, Type "N Output $2.75
TR BOX Pick-up Loop $1.25

POWER SPLITTER: 726 Klystron input dual N
output 4
MAGNETRON TO WAVEGUIDE coupler with
721-A duplexer cavity, gold plated . $27.50
10 CM  WAVEGUIDE SWITCHING UNIT,
switches | input to any of 3 outputs. Stand
ard 114" x 3" guide with square flanges. Com
plcte with 115 vac or dc acwranged switching
motor. Mfg. Raythcon. CRP 24AA5. New
and complete $150.00
10 CM END-FIRE ARRAY POLYRODS $1.75 ea.
'S BAND Mixer Assembly with crystal mount,
pick-up loop, tunable output $3.00
721-A TR CTVITY WITH TUSE. Complete with

tuning plungers 12.50
10 CM. McNALLY CAVITY Type SG $3.50
WAVEGUIDE SECTION, MC 445A, it angle

bend, 514" ft. OA. B slotted scction . $21.00

1b CM OSC. PICKUP LOOP, with male Home
dell output $2.00
10 CM DIPOLE WITH REFLECTOR in tutite
ball, with type "N'' or Sperry fitting  $4,50
10 CM FEEDBACK DIPOLE ANTENNA in |ucite

ball. for use with parabola 7 R gid Coax
Input $8.00
PHASE SHIFTER. |10 CMm WAVEGUIDE, WE
TYPE ES-6838l6. E PLANE TO H PLANE,

MATCHING SLUGS $95.00
721A TR cavities. Heavy silver plated $2.00 ea.
10 cm. horn and rotating nt assembly, gold

plated $65.00 ea.

%" RIGID COAX—73, " |.C.

" rigid coaxial tuning stubs with vernier stub
adjustment. Gold Plated $17.50
% RIGID COAX ROTARY JOINT. Pressunzed

Sperry ##810613. Gold Plated $27.50
Dipole assembly. Part of SCR-584 $25.00 ea.
Rotary joint. Part of SCR-584 35.00 ea.

RIGHT ANGLE BEND, with flexible coax out
put pickup loop $8.00
SHORT RIGHT ANGLE BEND, with pressurizing
$3.00

mpple y

RIGID COAX to flex coar connector $3.50

STUB-SUPPORTED RIGID COAX, gold plated
5" lengths. Per iength $5.00

RT. ANGLES for above $2.50
RT. ANGLE BEND I5” L. OA $3.50
FLEXIBLE SECTION, 15" L. Male to female
$4.25

MAGNETRON COUPLINGS t %" rigid coax
with TR pickup p, gold plated $7.50
FLEX COAX SECT. Approx. 30 ft $16.50

CG 54/U—4 foot flexible section %" 1C pres

surized $15.00
7% RIGID COAX. Bead Supported $1.20
SHORT RIGHT ANGLE BEND .$2.50
Rotating joint, with deck mounting $15.00
RIGID COAX slotted section CU-60/AP  $5.00

WAVEGUIDE

' x Y 1D $1.00 per foot
1" x 1" OD 1.50 per foot
%" x I'a” OD ....... |65 per foot
%" x 1" OD Aluminum .75 per foot
14" x 3 OD c.oivo.. 3.00 per foot
22" x 30D ... 3.50 per foot

TEST EQUIPMENT

TS-117/GP 10 CM WAVEMETER TEST SET, Mfg,
Sperry’'  2400-3400 MC. Micrometer A I
Coaxial Cavity. Freq. Mcas. by absorption of
transmission method. Mounts Crystal Current
Mcter & Calib. Chart $175.00

VSWR AMPLIFIER TS-12/AP. Unit | 3 stages
of Amplif. and Diode Rectifier w/direct
VSWR. rcading on meter. 115 volts 60 cye.

AC operation w/Inst. BK and CCT diag.

New 5285.80

SLOTTED LINE PROBE and Matched Termina.
tion including Accessories TS-12/AP Unit 2
nc

UG8I/U, CG92/U, CG?I/U, CGBRI/U uG79/u
CGB7/U, MXIs8/U, CGBB/U, CGI0/U, UGB/
plus Tools. New $200.00

COMPLETE TS-12/AP UNITS | AND 2 $450.00

MODEL T15-268/U

Test set designed to provide
8 means of rapid checking of
crystal diodes IN21, IN2IA,
IN218, IN23, IN23A, IN23B
Operates on 1! volt dry cell
battery. 3xéx7.

New $35.00

10CM ECHO BOX CABV [4ABA.| of OBU-3
2890 MC to 3170 MCS dircct reading microm-
cter head. Ring prediction scale plus 9% to
minus 9 Type "N input. Resonance indi
cator meter. New and Comp, w/access. Box
ana 10 CM Directional Coupler $350.00

3 CM RECEIVER, SO-3. Complete with W.G
Mixcr Assy (723-A/B) Reg. Fil. Power Supply
6 stages IF (6AC7) $99.50

10 cm. horn assembly consist ng of two 5" dishes

with dipoles feeding single type "N output.
Includes UG28/U type "N "T' junctic
type "N pickup probe Mig
cable. New $5.56 ea,
10 em. cavity type wavemeters & decp 6l in
diameter. Coax. output. Silver plated
$64.50 ea.
10 cm. ECHO BOX: Part of SF-| Radar, W/115v
.C. Tuning tsr sub sig 1IBA . $47.50 ea.
THERMISTOR BRIDGE: Power meter 1-203.A.

10 cm. mig. W.E. Complcte with meter. in.
terpolation chart, portable carrying case

$72.50

W.E. 1 138. Signal gencrator. 2700 to 2900 Mec.

range. Lighthouse tube oscillator with atten-

uator & output meter. 115 VAC nput req.

Pwe. supply. With circuit diagram $75.00
3 em. Wavemeter: 9200 to 11,000 mc trarsmis
sion type with square flanges $15.00
cm. stabilizer cavity, transmission type $20.00
1S 89/AP VOLTAGE DIVIDER New $42.50
TS-108A/P DUMMY LOAD $65.00

3 CM. HORN AT-4B/UP modc| 710 Type N"

input Hvy. silver plated $6.50
AT-68/UP 3 CM Horn with type N fitting . $5.00
MODULATOR
UNIT BC 1203-

B Provides 200
4 000 PPS
Sweeptime 100
to 2500 mi
crosec. n 4
steps  fixed
mod. pulse
suppression
pulse sliding
modulating pulse
pulse

blanking
sweep voltages,
fil. voltages. Operates 115 vac. 50-60 cy. Pro
vides various types of voltage pulse outputs

voltage, marke:

calibration voltages,

for the modulation of a signal gencrator such
as General Radio =B04B or #804C used in
depot bench testing of SCR 695, SCR 595 and

SCR 535. New as shown $125.00
THERMISTORS VARISTORS
D-167332 (t,be) .5.95 D-170225 $1.25
D-170396 (boat) $.95 D-167176 $.95
D-167613 (button) $.95 D-168687 $.95
D-166228 (button $.95 D-171812 $.95
D-164699 for MIG in  p.17/528 $.95

X band Guide o D-lessas 5.95
2.5
95 D-162482 $3.60
D-167018 (tu .95
Bz el 3% plisaa $1.25
3A(12-43) si.so0 D-99428 . ..... $2.00
D-167020 $3.00 D-l161871A $2.85

ALL MERCHANDISE GUARANTEED. MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.8.
NEW YORK CITY. SEND MONEY ORDER OR CHECK ONLY. SHIPPING CHARGES SENT
C.O.D. RATED CONCERNS SEND P, O. MERCHANDISE SUBJECT TO PRIOR SALE

COMMUNICATIONS EQUIPMENT CO. ‘

131 "1 10" Liberty St,, New York, N.Y.

Cable "'Comsupo’’ Ph. Digby 9-4124
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MAGNETRONS

Tube Frq. Range Pk, Pwr. Out Price

231 2820-2860 mc. 265 KW, 25.
2J21-A 9345-9405 mc. 50 KW, $25.00
pir7] 3267-3333 mc. 2865 KW, $25.00
226 2992-3019 mc. 275 KW, $25.00
yiry 2965-2992 mc. 275 KW, $25.00
un 2780-2820 mc. 285 KW. $25.00
237 $45.00
2J38 Pkg. 3249-3263 mc. S KW, $35.00
2J39 Pkg. 3267-3333 mc. 87 KW, $35.00
240 9305-9325 mc. 10 KW, $65.00
249 9000-9160 mc. 58 KW. $85.00
234 $55.00
261 3000-3100 mc. 35 KW. $65.00
28 2914-3010 me. 35 KW, $65.00
3)31 24,000 mc. 50 KW. $55.00
5J30 $39.50
TI4AY $25.00
7180Y $25.00
7208Y 2800 mc. 1000 KW, $50.00
720CY $50.00
725-A 9345-9405 mc. 50 K\X/. $25.00
730-A 9345-9405 mc, 50 K $25.00
728 AY, BY, CY, DY, EY, FY, GY $50.00
700 A, B C D $50.00
706 Ay, BY. DY, EY, FY, GY $50.00
Klystrons.  723A/B $I2 50; 7078 $20.00

W /Cavit

417A $25. 00 2K41 $65.00

PULSE EQUIPMENT

MIT, MOD. 3 HARD TUBE PULSER: Output
Pulse Power: |14 KW (12 KV at 12 amp.)
Duty Ratio: .00I max. Pulse duration: §
1.0 2.0 microsec. input voltage: 115 v. 400
to 2400 cps. Uses |-715.8, 1-829-8, 3-'72's, 1-'73.

.$110.00

APQ I3 PULSE MODULATOR. Pulse Width .5
to I.| Micro. Sec. Rep. rate 624 to 1348 Pps
Pk. pwr. out 35 KW. Energy 0.018 Joules

$49.00

TPS-3 PULSE MODULATOR. Pk. power 50 amps.
24 KV (1200 KW pk): pulse rate 200 PPS, 1.5
microsec. pulse line impedance 50 ohms. Cir-
cuit—series charging version of DC Reso-
nance t/pe. Uses two 705-A's as rectifiers.
115 v. 400 cycle input. New with all &Jbes

APS.10 MODULATOR DECK Complete, less
tubes $75.00

APS-10 Low voltage power supply less strab;;

PULSE TRANSFORMERS

G.EK.-2745 ... ... ..o $39.50
G.E.K.-2744.A. |1.5 KV High Voltage, 3.2 KV
Low Voltage @ 200 KW oper. (270 KW max.)
| microsec. of /4 microsec. @ 400 PPS $39.50
W.E. 20166173 Hi-Volt input transformer, W.E.
Impedance ratio 50 ohms to 900 ohms. Freqg.
range: 10 ke to 2 mc. 2 sections parallel con-
nected, potted in oil $36.00
W.E. KS 9800 Input tvonsfovmcv Wmdmg ratio
between terminals 3-5 and 1-2 is I.1:I, and
between terminals 6-7 and 1-2 s 2:1. Fre-
quency range: 380-520 c.p.s. Permalloy core
G.E. 3K2731 Repehtuon Rate: 635 PPS Pri. Imp
50 Ohms. Sec. Imp: 450 Ohms, Pulse Width:
| Microsec. Pri. Input: 9.5 KV PK. Sec. Out-
ut: 28 KV PK. Peak Output: 800 KW. &‘ufla;

75
W.E. ’DIB?NI Hi Volt mpu( puhe Trans-
form $27.50
G.E. K2450A Will receive 13KV, 4 micro-second
pulse on pri., secondary delivers 14KV, Peak
power out 100KW G.E. $4.50
G.E. 2K2748A, Pulse Input,

£ 9280 Utah Pulse or Bloclmg Oscillator XFMR

Fv:q limits 790-810 3 windings turns ratio

| Dimensions | |3/I6 x 14" 19/32 .. $1.50
PULSE NETWORKS

ISA—1-400-50: 1S KV, A" CKT,
400 PPS, 50 ohms imp

line to ma gnetron
36.

I microsec.,
$42.50

G.E. 2 6E3.5.2000- SOPZT 6KV, "E'* circuit, 3
sections, S mucvos:cond 2000 PPS, 50 ohms
impedance .................. L. $6.50

G.E. SJE (3 84-810: 8.2.24.405) 50P4T; 3KV, “'E"
CKT Dual Unit: Unit 1, 3 Sections. .84 Micro-

OIO PPS 50 ohms imp.: Unit 2, 8 Sections, 2. 24
microsec. 405 PPS, 50 ohms imp, $6.50
7.5€3.1-200-67P. 7.5 KV **E* Circuit, | microsec.

200 PPS, 47 ohms umpcdancz 3 sections .$7.50
7.5E446-60.67P. 7.5 KV, "E" circuit, 4 l:cﬁom

16 microsec. 60 PPS, 67 ohms nmpcdance $15.00
7.5€3-3-200-6P7. 7.5 KV “E" Circuit, 3 mucvoicc

200" PPS, 67 ohms imp., 3 sections ....$12.50

DELAY LINES

S~ D-168184: .5 microsec. up to 2000 PPS, 1800 ohm

PROCEEDINGS OF THE I.R.E.
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MAGNETRONS - RADAR - PULSE EQUIPMENT

MAGNETRON MAGNETS

Gauss Pole Diam. Spacing Price
4850 3 in. S in, $12.50
5200 21/32 in. 3% in. $17.50
1300 1% in. 1 5/16 in $12.50
1860 154 in, 11/, in. $14.50
Electromagnets for magnetrons ..$24.50 ea.
TUNABLE PKGD. "CW'* MAGNETRONS

QK 61 2975-3200 mc.
QK 40 2800-3025 mc

QK 62 3150-3375 mc
QK 59 2675-2900 mc

New Guaranteed Each $65.00
BC 1277A Sig. Generator ........... $300.00
APR4. Receiver 300-2000 mc. .......$475.00
CPD 10137 Dehydrating Unit ....... $425.00

| APRSA. Comple(e antenna, 10 cm. wave-
guide ..... .o.....$185.00 |

1KW-FM STATION
General Electric Kilowatt Amplifier

Model 48T2At Type BT2A
Serial RC 25

General Electric 250 Watt Exciter
Model 48TIAI Type 3TIA
Sernal CC833

General Electnc Station Monitor
Model 4BMI1AI Type BMIA
Serial WC268

General Electric Power Supply
Model BP24I Type BF2A
Serial WC547

General Electric Transmitter Console
Model 4BC3AI Type BC3A
Senal WCS

Type BX-2A Two Bay Circular Antenna with
Transmission Line, Elevators and Matchers.
100 Feet of 1% coax, transmission line including
90° eibows

Dehydrator for transmission lire

Desk and Chair for Transmitter Console.
WRITE FOR PRICE AND INFO,

|

VOLTAGE REGULATOR
Mfg. Raytheon
Navy CRP-301407
Pri: 92-138 v. IS
amps. 57 to 63 cy.
| phase. Sec: 115
v. 7.15 amp. .82
KVA. .96 PF. Con-
tains the follow-
ing components:
REGULA .
TOR
FORMER: Ray-
theon  UX9545
Pri: 92 138 v 60
cy. PH. Sec
00/580 v. 5.55/5.26 amps 400 v rms test. |
FILTER REACTOR: .l S6 hy, 5 amps, 4000
v Raytheon UX 9547 -
| v,

TRANSFORMER: Pri:
11 v, 7.2 amps. Size: 12" x 20" x 29".
Net wt. approx. 250 Ibs. Entire unit is
enclosed in grey metal cabinet News as
shown $99.50

S amps; Sec: I

200 MC COAXIAL PLUMBING

Right Angle Bend $35.00
T Section SSSOO
T Section with Adapter to %" i ngd

coax $65.00

SCM
2" x 1” RT. ANGLE BEND CHOKE TO COVER
S|LVER PLATER $38.50
WAVEGUIDE MIXER CV-12A/APR & $55.00
RAPID W. G, FASTENING CLAMPS $5.00

CPN-6 3CM RADAR

BEACON EQUIPMENT
Complete sets available in unused condi- |
tion. Wnte for price and information, |

SUPER SONICS

QCU Magneto striction head RCA type CR
278225 New $75.00
Stainless Steel streamlining housings for asb:vs%

QBG Driver Amplifier. New $200.00
QCU Mas»eto striction head coil plate o;:c‘rgo

QCQ—Z/QCB Magneto head
plate assembly $

striction col
14,50

R. F. EQUIPMENT

LHTR., LIGHTHOUSE ASSEMBLY. Part of RT-
39/APG-5 & APG-15. Receiver and Transmitter
Lighthouse Cavities with assoc. Tr. Cavity and
Type N CPLG. To Revr. Uses 2C40, 2C43, 1B27.
Tuneable APX 2400-2700 MCS. Silver p‘lgted

XTAL DIODES IN2) $1.00 IN23 SI 50, IN22
$1.50, IN23 $2.95

APS-2 10CM RF HEAD COMPLETE WITH HARD
TUBE (7158) Pulser, 714 Masgnetron 4I7A
Mixer all %" rigid coax. incl. rcvr. front end

. $210.00

Beacon Ilgh!houu cavuty 10 cm with miniature
28 volt DC FM motor. Mfg. Bernard Rice
- ..$47.50 eca.

Y-128/APN-19 10 cm. radar Beacon transmitter
package, used, less tubes .. ...$59.50 ea.

SO-3 "X" band 3 ¢cm RF package, new com-
plete, including receiver unit as illustrated on
Page 337, Yolume 23 RAD LAB Series ....

375.00 ea.

Pre-amplifier cavities type ‘M 7410590GL to
use 446A lighthouse tube. Completely tunable,
Heavy silver plated construction ..$37.50 ea.

RT32/APS 8A RF HEAD. Compl. with 725A
Magnetron magnet pulse xfmr, TRA-ATR, 723
A/8 local osc. and beacon mount, pre am-
plifier, Used but exc. cond. ...........$97.50

AN/APS-ISA ''X" Band compl. RF head and
modulator, incl, 725-A magnetron and mag-
net, two 723A/8 kiystrons {local osc. & bea-
con) 1824, TR, rcvr-ampl. duplexer, HY sup-
ply, blower pulse xtmr, Peak-Pwr Out: 45
KW apx. Inpu( 115, 400 cy. Modulator pulse
duration .S to 2 micro-sec, apx. 13 KV Pk
Pulse. Compl!, with all tubes incl. 715.B, 8298,
RKR 73, two 72's. Compl. pkg., new .$210.00

APS ISB Compl:te pkg. as above, less modu

.$150.00

"S"BAND AN/APS-2, Comple(e ‘RF ‘head and
modulator, including magnetron and magnet,
417-A mixer, TR, receiver, duplexer, blower,
etc., and comple(e pulser With tubes, used,
fair condition . ..........ieiiiiiiaian $75.00

10 CM, RF Packagc Consists of: SO Xmitr.-re-
ceiver using 2J27 magnetron oscillator, 250
KW peak input. 707-B receiver-mixer ..$050.00

MICROWAVE ANTENNAS

SO-3 RADAR 3 CM. SURFACE
SEARCH ANTENNA. Complete
with 24 VDC Drive Motor, Selsyn.
Gear Mechanisms, ''X" Band
Slotted ‘‘Peel” Reflector. Less
Plumbing $135.00

As Shown

APS-I5 Antennas. New ....399.50

AN MPG-I Antenna. Rotary feed
type high speed scanner antenna
assembly, including horn para-
bolic reflector. Less internal mechanisms, 10
deg. sector scan. Approx, 12'L x 4'W x 3'H.
Unused., (Gov't Cost—$4500.00) ..... $250.00

APS-4 3 cm. antenna. Complete. 14/, dish, Cut-
ler feed dupole directional coupler, all stand-
ard 1” x /3" waveguide. Drive motor and gear
mechanisms for horizcntal and vertical scan.
New, complete .$65.00

AN/TPS3. Parabolic dish type reflector approx.
10" diam, Extremely Inghtwengh( construction,
New in 3 carrying cases ....... ...... 9.50

RELAY SYSTEM PARABOLlC REFLECTORS:
vaox range: 2000 to 6000 mc. Dimensions:

x 3' rectangle, now . $35.00

TDY “JAM' RADAR ROTATING ANTENNA. 10

cm. 30 deg. beam. 115 v.a.c. drive. New
100,00
$O-13 ANTENNA, 24” dish with feedback dipole
360 de? rotahon complctc with drive motor
and u syn. New . ... .$128.00
$45.00

DBM ANTENNA Dual, back-to- back parabolal
with dipoles. Freq. coverage 1,000-4,500 mc.
No drve mechanism $65.00

AS125/APR Cone type receiving antenna, 1080 to
3208 megacycles. New $4.50

140-600 MC. CONE type antenna, complete with
25’ sectional steel mast, guys, cablu carryin
case, etc. New 5495%

ASD 3 cm, antenna, used, ex. cond. ... $49.50

YAGI ANTENNA AS-46A. APG4, S clselmcnts

4.50 ea.

SF-1 RADAR

10 CM surface scarch using PP1 and ""A"' Scope.
115 VDC input, complete with spares. 14 cases
. $2000.00

ALL MERCHANDISE GUARANTEED. MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B.
NEW YORK CITY. SEND MONEY ORDER OR CHECK ONLY. SHIPPING CHARGES SENT
| C.0.D. RATED CONCERNS SEND P. O. MERCHANDISE SUBJECT TO PRIOR SALE

| COMMUNICATIONS EQUIPMENT CO.

131 1 10" Liberty St.,

New York, N.Y. Att: P. J. Plishner Cable 'Comsupo’* Ph. Digby 9-4124
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CRYSTAL CARTRIDGE.S '
that meet the requirements for

33Y3, 45 and 78 RPM Records

= e —

S
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-
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The model F-16 is an all-purpose crystal cartridge employing two sep-
arate needles to permit playing both fine-cut and standard records
with a single tone arm and three-speed turntable. The cartridge can
be rotated 180° in the arm to bring the proper needle into playing

| position. The model F-16 is a quality cartridge with ideal response
characteristics

NEEDLE, 3 miL PT.

[ LOCATING & LOCKING SPRING

NEEDLE 51‘09‘\ TAB FOR 3 MIL PT NEEDLE

SPECIFICATIONS

NEEDLE &§TOP
NEEOLE, ¢ ML PT

Ix

The Model A-1 crystal cartridge is newly developed |
miniature in size and ideally adapted for tone
arms of modern styling and function
either 2 1-mil or 3-mil point stylus or both, making
it aprlncable to all types of recordings in use today.

Tracking pressure is only 7 grams

requirements of 33'5 and 45 RPM as well as the
standard 78 RPM records. Adaptor brackets SI;P-
plied for mounting in arms originally designed for

standard cartridges.

WEBSTER [{// ELECTRIC

| WISCONSIN

RACINE [
Established 1909

Export Dept.: 13 €, 40th Street, New York (16), N. Y, Cable Addiess

‘ARLAB'" New York City

"Where Quality is a Respansibility and Failr Dealing

an Obligation™

APPLICATION:33'5RPM, 45
RPM and 78 RPM.

TRACKING PRESSURE:
7 grams for oll speegds.

CONSTRUCTION: Stamped
aluminum holf-shells

FRONT BRACKET: Extends
through front of pick-up
arm to permit rotating
cartridge 180

STYLE: Osmium-tipped, re-
placeable. 1-mil point for
333 ond 45 RPM, 3-mil
point forstandard78RPM.,

TERMINALS: Pin type,
grounded or ungrounded.

QUTPUT: 8 volt for 33%

and 45 RPM, 1.2 volts for
standard 78 RPM

=
"r“b—— - -T
“"Y | F k- v ;
latf— — —fr =
! 1=+
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It mounts

meeting the

SPECIFICATIONS

APPLICATION: 33'5, 45 and 78
RPM recordings.

CONSTRUCTION:
housing.

TERMINALS: Pin type.

STYLI:  Osmium- or Sapphire-
tipped

TRACKING PRESSURE: 7 grams
OUTPUT: 1 volt ot 1000 cps.

Bakelite

PROCEEDINGS OF THE I.R.E,

News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical

information. Please mention your LR.E. affiliation
(Continued from page 391

Midget-Can Electrolytic
Capacitors

I'he latest type PRS midget-can elec-
trolytic capacitor in reduced sizes are
being marketed by Aerovox Corp., 740
Belleville Ave., New Bedford, Mass.

IMustrated is the type PRS 450 volt, 8

Dandee.” which is placed next to a
cigarerte for comparison. The size i
inches long by 1316 inch diameter.

These electrolytics are available
single-section ratings from 25 to 700 volt~
dc working, 4 10 100 uf and in dual-sectic
from 25 to 450 volts dc working, 8-8 t
100-100 u

In the high-capacitance low-voltage
series, they have ratings from 6 to 25 volts
dc working, 100 to 2,000 uf.

TV Lead-in Clamps

A new line of TENNA.CLAMPS
stand-off insulators, designed to clamp on
to masts, cross-arms, gutters, and guy
wires for supporting TV lead-in lines is now
being marketed by Mueller Electric Co.,
1583 . 31st St., Cleveland 14, Ohio

...and IT CLAMPS
ONTO GUY-WIRE

I'he manufacturer claims that the one
standard size of clamp is adaptable for
solving various problems in lead-in wire
support. All metal parts are weather
proofed, and the insert is of polvethvlene

(Continucd on page 434)
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information, Please mention your |.R.E. affiliation.

(Continued from page 42A4)

Correction Notice

A dc microammeter and mag-
netic amplifier, Type 100, has been
designed to measure low dc by W. S.
MacDonald Co., Inc., 33 University
Rd.. Cambridge 38, Mass.

in our

Incorrectly described
August issue, the Type 100 has an
input resistance of 50 ohms and a

sensitivity of 1 microampere full
~cale. Input may be overload } am-
pere without damage.

I'his instrument may be used as
a dc amplifier, as such it will actu-
ate a 1-ma, 1,400-ohm recorder di
rectly

Recent Catalogs

* * * In the May issue of The Experimenter,
a high power, low-speed (600 rpm) strobo-
scope, and a versatile voltage divider are
discussed. The organ is published by
General Radio Co., 275 Massachusetts
Ave., Cambridge 39, Mass.

***A desk size Army-Navy Connector
Specifications (AN-C-591) Chart with the
latest insert arrangements shown in detail
at half scale for use by aircraft, radio, com-
munication engincers, and designers, by
Cannon Electric Development Co., Catalog
Dept., 3209 Humbolt St., Los Angeles 31,
Calif.

* * * An 8-page bulletin with information
and technical data on dc motors for timing
applications, and the performance charac-
teristics of Model 9200 dc motor, may be
obtained by writing to E. B. Hamlin,
Haydon Mfg. Co., Torrington, Conn.
Specify Engineering Bulletin #1.

**+A 35.page catalog August #8354 n
color with complete design specifications
and dimensions of all their screw products,
by The Bristol Co.,, Mill Supply Div,
Waterbury 91, Conn.

(Co

ntinued on page

11A )
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High quality,low cost transformers
for a wide range of applications
are provided by ADC in its new
Yeoman transformer line.

Many features of the ADC
Quality Plus and Industrial series
.. . widely known for their unvary-
ing high standard of performance
. .. are incorporated in the Yeo-
man line.

The low prices of the new
Yeoman line are made possible by
improved production engineering
methods, simplified types of con-
struction and standardization of
parts.

Engineers, experimenters and
amateurs will find in the Yeoman
series the transformers for their
needs.

-

' ~ VISIT US AT
_ “THE AUDIO FAIR|

Recent developments in new equipment
will be displayed by Audio Development
Co. at the Audio Engineering Society’s
“Audio Fair” in Hotel New Yorker,
Oct. 27, 28 and 29. Walter E. Lehnert,
noted design engineer and ADC vice
president, will be there prepared to dis-
cuss special transformer design problems
with you.

October, 1949
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~"" TRANSFORMERS

AT LOW COST

" PICTURED ITEMS

Type

Description

(1) 708A Band Pass Filter: 200-3000 cps

(2) 517D Power:

(3) S17H Power:

(4) 517) Power:

(5) 517N Power:

(6) S16E Filament.
(7) 516C Filament:
(8) 5168 Filament:
(9) S17A Filament:

(10) 416C Choke:
(11) 416G Choke:
(12) S16F Filament:

(13) 208F Input:

! The new ADC catalog A
5 will be a convenience
! almost

in sefecting

any transformer you
may need. Send for
your copy today.

Pri. 38 VA
Sec. 71, 240-

Sec. 42, 5
Sec. §3, 6.
Pri. 9 VA

Sec.6.3VCT @ 1 amp

Pri. 19 VA
Sec. 5.0V CT @ 3 amp

Pri. 31 VA
Sec. 2.5V CT @ 10 amp

Pri. 72 VA
Sec. 6.3VCT @ 10 amp

8.5 hy @ 50 ma DC
8.0 hy @ 85 ma DC

Pri. 24 VA
Sec.6.3VCT @3 amp

Micrgghone
Pri. 50,200
Sec. 62500/250000

s4udco DEVELOPMENT CO.

2855-13th AVENUE SOUTH, MINNEAPOLIS 7, MINN.

43A



GIVES YOU
TWICE AS MUCH

POWER GAIN
PER DOLLAR!

NEW 7‘/”1/”'”' MULTI-V FM ANTENNA

/ YYPE NO. OF BAYS POWER GAIN PRICE

~ 1308 8 7.3 $2800
1304 4 3.7 850
1302 2 1.6 320

This table shows you why the new Andrew Multi-V is your best FM antenna buy!

|

‘ . .

‘ NOW! Minimize your investment in equipment. Get top perform-
| ance for only half the cost. The new Andrew Multi-V FM antenna
‘ is made and guaranteed by the World's Largest Antenna Equip-
1 ment Specialists. It's another Andrew *'First.

e FEATURES
*

Twice as much power gain per dollar as any other
FM transmitting antenna!

»*

Top performance, yet half the cost of competitive antennas,

% Side mounting construction permits installation on towers too
light to support heavier antennas.

/‘ % Circular radiation pattern
1
}’ % Factory tuned to required frequency — no further adjustments
| ,‘ f necessary.
LAl
el ]
""df & It will pay you to use the Andreww Multi-V Antenna on your

FM station. Write for Bulletins 86 and 186 for complete
details TODAY .

o

Typical vertical plane field intensity pattern of 4 bay Multi-)VV FM Antenna.

CORPORATION
363 EAST 75«0 STREET - CHICAGO 19

TRANSMISSION LINES FOR AM-FM-TV « ANTENNAS - DIRECTIONAL ANTENNA EQUIPMENT
ANTENNA TUNING UNITS - TOWER LIGHTING EQUIPMENT . CONSULTING ENGINEERING SERVICES

World’s Largest Antenna Equipment Specialists

| News-—New Products

These manufacturers have Invited PROCEEDINGS
readers to write for literature and further technicat
information. Please mention your I.R.E. affiliation

’ e 4
* * A new kngineering Data Sheet §558
which describes the latest types of coil tube
fasteners, and shows 1ypical assemblies

may be obtained from The Palnut Co., 94
Cordier St., Irvington, N. |

* * *A 24 page hooklet, 21P8-16, describ
ing insulition resistance testing with
Megger,” and a new color catalog, Bulle
tin 21-05-46, to be used in sclecting from
10 types of “Megger” instruments covering
ranges from 0.01 ohm to 10,000 megohms,
by James G. Biddle Co., 1316 Arch St
Philadelphia 7. 17a

* * *An illustrated color folder with a de
scription of a wide line of crystals, and the
I"'S-344 Frequency Standard, is at present
available from James Knights Co., Sand
wich, 111,

** *A 36-page bound catalog of instru
mentation for radioactivity measurement
describing a wide range of instruments and
accessories with information about ap
plication is ready for distribution by
Nuclear Instrument & Chemical Corp.,
223-233 W. Erie St., Chicago 10, lIl.

New Voltmeters Check Up
To 30,000 Volts

Inexpensive, high-voltage voltmeters
checking voltages up to 30,000 volts are
now being manufactured by Industrial
Devices, Inc., Idgewater, N. ]

4

I'he Hi-Voli is available in two models.
Model 500 is designed for checking the
voltage output of transformers, such as for
oil burner ignition, gas-discharge display
signs, etc. Model 520 is for clectronic high
voltage uses, such as television, oscillo
graphs, etg

I'ne High-Volt utilizes a neon-lamp in
dicator in place of the usual meter move
ment. The knob is turned until neon lamp
extinguishes. Voltage is then read directly
off scale where pointer rests

Heavily insulated and using a multi
megohm multiplier, the High-Volt test
prod is 7 inches long, thus assuring user of
sufficient reach to keep away from “hot
leads. Model 500 draws less than 1 ‘mil
liampere, while Model 520 draws less than
300 microamperes at full scale reading.
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical

information. Please mention your LR.E. affiliation.

A

Package Circuit Assembly
For TV Receivers
Following the trend of component

manufacturers endeavoring to reduce
production time and save space, a new

packa rcuit assembly, known as the
“\'ertical Intergrator Network,” has been
produced by Centralab, Div. Globe-Union,
Inc., 900 1. Keefe Ave., Milwaukee, |
Wis

This printed electronic circuit consists
of four capacitors and four resistors
terminating in three leads, as against six-
teen connections when using standard
components. In size the assembly is 1 9/16
inches long, 1} inches wide, and 3/16 inch
thick.

A condensed version, which covers the
balance of T\ circuits, is a smaller model
with three capacitors and three resistors.

High-Voltage Controls

Increased insulation, necessary with
controls used in TV, oscillograph, and
other high-voltage circuits, may be ob
tained (on special order) by use of an im
proved coupler feature with most types of
controls manufactured by Clarostat Mfg.
Co., Washington St., Dover, N. H

| If
; the
Problem |

IS
| ELECTRONIC

CONTROL
UNIT

DUAL DIVERSITY

| CONVERTER
“ ... look to B&w for the answer

From amplifiers to electronic repeaters . ..

from diversity converters to complete re- RECEIVER

ceiver assemblies, test instruments and ASSEMBLY
frequency multiplier units, B & W equip-

ment is backed by men who have spenta
lifetime in the electronic field . . . men
who know the problems of radio and

electronics and how to solve them.

Modern, up-to-date facilities are ready

to convert the designs of these engineers B&W DISTORTION
METER

into components or complete assemblies,
designed and fabricated to withstand the
toughest assignments and carrying the
B & W trade-mark, recognized the world ALLB&B“LND

over for excellence. FREQUENCY
MULTIPLIER

Write for the latest B & W Catalog to: Dept. PR-109

BARKER&WILLIAMSON, Inc.

237 Fairfleld Avenue Upper Darby, Pa.
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Laboralory and
Redearch Indbruments

ENGINEERED FOR ENGINEERS

OSCILLOSYNCHROSCOPE
Model OL-158

Designed for maximum usefulnes in labora-
torles doing a variety of research work, this
instrument is sulted to radar, television. com
munication, facsimile, and applications involv.
ing extremely short pulses or transients. It
provides a variety of time bases, triggers,
phasing and delay circuits, and extended.
range amplifiers in combination with all
standard oscilloscope functions.

THESE FEATURES ARE IMPORTANT TO YOU

® Extended range amplifiers: vertical. mits observation of transients or ir

flat within 3 db 5 cycles to 6 mega-
cycles, full tube deflection; horizontal,
flat within 1 db 5 cycles to 1 mega-
cycle.

reqularly recurring phenomena.
Variable delay circuit usable with
external or internal trigger or sepa
rate from scope.

® High sensitivity: vertical, 0.05 RMS ® Sawtooth sweep range covers 5
volts per inch; horizontal 0.1 RMS cycles to 500 Kilocycles per second.
volts per inch. ® 4,000-volt acceleration gives superior

® Single-sweep triggered time base per- intensity and definition.

For complete data, request Bulletin RO-910

SWEEP CALIBRATOR

SQUARE-WAVE MODULATOR
AND POWER SUPPLY

Model GL-22A

This versatile source of timing markers
provides these requisites for accurate
time and frequency measurements with
an oscilloscope: Here is the heart of a super high fre-
® Positive and negative markers at  quency signal generator with square-

Model TVN-7

0.1, 1.0, 10, and 100 micro.seconds. wave. FM, or pulse modulation. Pro.
® Marker amplitude variable to 50 vides for grid pulse modulation to 60
volts. volts, reflector pulse modulation to 100

® Gate having variable width and VOlls. square.-wave modulation from
amplitude for blanking or timing. 600 to 2.500 cycles. Voltage-requlated
® Trigger generator with positive and power supply continuously variable
negative outputs. 280-480 or 180-300 volts dc. For addi.

Further details are given in Bulletin tional data and application notes, see
RC.910. Bulletin RM.910.

STANDING WAVE RATIO METER AND HIGH GAIN AUDIO AMPLIFIER

Model TAA-16

® Standing wave voltage ratios are read directly
on the panel meter of this sensitive, accurate
measuring instrument.

® Frequency range 500 to 5,000 cycles per
second.

® Two input channels with separate gain con-
trol for each.

® “Wide-band" sensitivity 15 microvolts full scale.
® “Selective” sensitivity 10 microvolts full scale.

® Bolometer/crystal switch adjusts input circuit
to signal source.

Ask for your FREE copy of
our brochure illustrating and
describing all Browning pro-

b Write for Bulletin RA-910 containing

full details of this useful instrumen

In Canada, address Meas-
urement Engineering Ltd.,
Arnprior, Ontario.

BROWNING

Export Sales
9 Rockefeller Plaza
Room 1422, New York 20

Loborotories, Inc.
Winchester, Mass.
ENGINEERED FOR ENGINEERS

464

News—New Preducts

These manufacturers have invited PROCEEDINGS
teaders to write for literature and further technical

information. Please mention your |.R.E. affiliation

Designated as Type 56-125
voltage coupler, this control has a plas
straight-through shaft in place of the pre
vious insulating strip joining separate sec
tions of the metal shaft. An insulating tul
further isolates the control proper from
1ts mounting bushing

Control-to-ground breakdown rating
15 better than 10,000 volts

Adding Component for
Analogue Computors

The K3-A adding component, which
delivers from one to four input si
which has ar
level up to 20 per cent of the rang
being offered by George A. Philbrick Re-
searches, Inc., 230 Co St., BBost
Mass

)
gnals, and
i

"".W'\ 1hle iditive steady

Either or both outputs may be em
ployed, giving plus or minus the direct
sum of the inputs in use. Through tandem
mnterconnection, any number of signals
may be combined in sums or differences

In the K3 analogue line, each com
ponent is self-contained and performs an
individual function as part of a computing
system. kach measures approximately
4X5X7 inches, weighs about § Ibs., has
S-pin input and output connectors for 110
volts, 60 cps

New Impedance Meter

For the measurement of impedances
from 0.1 to 100,000 ohms over a wide fre
quency range, the “lmpedometer” ha
been developed by Edward S Shepard, Sr
of Boston College and is being manuf
tured by Electrodyne Co., 899 Boyls
St., Boston 15, Mass



News—New Products
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The “lmpedometer™ provides a means Do you hove complete data

for \ across the on the revolutionary new HELIPOT—the helical
unknown impedance and across a resistive potentiometer-rheostat that provides many times greater
standard. when the same current is pres control accuracy at no increase in panel space?. .. or on the equally
er | rcuits. 1n making this com unique bUODIAL that greatly simplifies turns-indicating applications? If you are

designing or manvufacturing any type of precision electronic equipment, you

i . \"1, f ; ¥ r‘ - should hove this helpful catalog in your reference files...
L4
Mi £ Disk /fm/dlﬂs- the unique helical principle of the
1Ccroscope ior l‘S ¢ HELIPOT that campacts almast faur feet af precisian slide wire inta a
Recording Analy51s case only 1% inches in diameter—aver thirty-one feet af precisian

slide wire inta a case anly 3'3 inches in diameter!

\-) /fpefﬂlyﬁv the precision construction features

found in the HELIPOT...the centerless ground and polished
stainless steel shafts—the double bearings that maintain rigid
shaft alignment—the positive sliding contact assembly—and many
other unique features.

/f///”b’ffafes ®® describes and gives fu‘ll dimen-

sianal and electrical daota an the many types af HELIPOTS that are
available . . . fram 3 turn, 112" diameter sizes ta 40 turn, 3" diameter
sizes...5 ohms ta 500,000 chms...3 watls ta 20 watts. Alsa Dual
ond Drum Patentiameters.

The Model #231 microscope, with self
light source and reticle fo )
and surface quality testing, has been
pl he market by Clarkstan Corp.,
11927 \\'. Pico Bivd.. Los Angeles 34,

C

ve analysis

/f 0856,/%65' and illustrates the various spe-

cial HELIPOT designs available—double shaft extensions, multiple
assemblies, integral dual units, etec.

’
/fé’VeS- full details an the DUODIAL—the new type

turns-indicating dial that is ideal far use with the HELIPOT as well as
with many ather multiple-turn devices, bath electrical and mechanical.

If you use precision electronic components
in your equipment and do not have a copy of this helpful Helipot

Magnification of either 20 or 40 times Bulletin in your files, write today for your free copy.

is offered. For calculation of lines per inch,
width of groove, or groove-to-land ratio, a
reticle has been incorporated for direct
measurement with divisions of 0.004 inch

Ll mEHBliDM CORPORATION, SOUTH PASADENA 6, CALIF.
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B ~m News—New Products

R. F. ATTENUATION
N O W NETWORK
= = FOR YOUR WORK

To meet the increasing needs for accurate, dependable
instruments to attenuate UHF, The Daven Company
now offers RF attenuation boxes. These units are not-
ably compact, provide a wide range of attenuation and
are moderately priced.

- -

—SPECIFICATIONS—

CIRCUIT: Pi network.

STANDARD IMPEDANCES: 50 and 73 ohms. Other impedance’ on request.

RESISTOR ACCURACY: + 29 at D.C.

IMPEDANCE ACCURACY: Terminal impedance of loss network essentially flat from 0—225 MC.
MOUNTING: Cabinet Type or Rack Mounting Available.

NO. OF STEPS: Types: 640, 641, 642, 643 8 Push Buttons
Types: 650 and 651 10 Push Buttons
RECEPTACLES: Army-Navy Types UG-58/U or UG-185/U Supplied
TYPES IMPEDANCE LOSS
RFA 640 & 441 50 & 73 2,3, 4,10, 20, 20, 20, DB STEPS
(80 DB TOTAL IN | DB STEPS)
RFA 642 & 443 50 & 73 2, 4, 6, 8, 20, 20, 20, 20, DB STEPS
100 DB TOTAL IN 2 DB STEPS
RFA 450 & 4510 50 & 73 2, 3,4 10, 10, 10, 20, 20, 20, DB
100 DB TOTAL IN | DB STEPS

—APPLICATIONS—

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical

information. Please mention your [.R.E. affiliation.

{Continued from page 47A4)

Power Relay

Described as having been manufac
tured to meet aircraft specifications and,
therefore, capable of meeting rigid control
requirements, the Type “DO” power relav
is available from American Relay & Con-
trols, Inc., 4925 \W. Flournoy St., Chicago
44, 111

This relay is available in contact com
binations up to 4-pole, double-throw. The
terminals and contact arms are mounted
on moulded phenolic panels. The coil is
of cellulose acetate sealed construction

Contact rating is 10 amperes at 115
volts ac, noninductive, or 10 amperes at
32 volts dc, noninductive. Coils are avail
able for continuous duty for operation up
to 230 volts ac. 60 cps. or 115 volts dc

Magnetic Tape Eraser

A device for erasure of reels of mag-
netic tape without running the tape past
the erase head has been developed by the
Accessories Div., Amplifier Corp. of Amer-
ica, 398-1 Broadwav, New York 13. N. }

® In signal and sweep generators.
® In field strength measuring equipment.
¢ Nucleonic and atomic research.
® Television receiver testing.
* Wide-band amplifiers.
¢ Pulse amplifiers.
® Any application where attenuation of UHF is required.
For additional information write to Dept. IE-B Described as the “Magnerasor,” the
? manufacturer claims that this eraser re-
[ —l moves all normal and overloaded signal
. from all types of tape, and is able to lower
T H E D A v E N c 0 - 3 (tjll\)elrcsidual noise level as much as 3 10 6
below that of unused tape.
191 Central Avenue Newark, N.J. The erasure is axcon:iph:l:id by placing
the “Magnerasor” on the reel and moving
! it around the circumference of the reel. The
life of the tape is lengthened by elimination
of physical contact with the erase head.
- (Continued on page 494
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your I.R.E. affiliation.

(Continued from page

Wobbulator Signal Generator
for Television,Radar,and UHF

The Model 705, a sweep-frequency type
which incorporates a 5-inch cathode-ray
tube with associated sweep and gate cir-
cuits, traveling detector, signal amplifier,
and 100-db attenuator for control of the
amount of signal into the circuit under
test, is being produced by Canoga Corp.,
14315 Bessemer St., Van Nuys, Calif.

A NEW
5 MINIATURE POWER
A high-pass filter following the crysal | TIRAINSIFORMER FOR

mixer removes the direct rectified 100-kc

ot T resenes. e oot e USE IN AIRBORMNE &

veloped across a 50-ohm cable termina- R
tion, and is about 0.1 volt when the total
rectified crystal current is 5 ma. P o R T A B L E -

The Model 705 has a three-stage am- i
plifier with a 50-kc bandwidth. The de- EQUIPMENT Mlustration shows
flection sensitivity of the amplifier is such relative size of

that 100-microvolt signal input produces a HORNET and conven-

1-inch deflection on the screen. tional transformers of
comporoble capacity.

Flexible Inert-Arc Welder FEATURING

A miniature Inert-arc electrode holder,
featuring a flexible front-end assembly

made of malleable copper tubing sur- S MALLER SIZE

rounded by a sheath of silicone rubber so than any previous design, through the use of newly devel-
that it can be bent in any direction to rca‘ch oped class H insulating materials, and design techniques. As
difficult places, has been announced by shown above, HORNET transformers are only about one-

ngdmg D'v"( General Electric Co., fourth the size of similarly rated conventional transformers.

GREATER POWER OUTPUT

because of improved design and construction. HHORNET
transformers operate with unimpaired efficiency at high tem-
peratures, and are suitable for operation at ambient teinpera-

tures as high as 150 deg. C. High output plus smaller size and
k lighter weight make these units ideal for use in airborne and

portable equipment.

—sr— A\
MEETS JAN SPECIFICATIONS
HORNET transformers are designed and built to meet re-
quirements of current JAN T-27,and equivalent specifications,
» ) Write for descriptive bulletin
Specifically  designed for the fluxless of sizes and specifications
weld of nonferrous metals in gages

from #16 to #40 (0.0625 to 0.003 inch), the |
holder is available in two models: one for "Ew YORK

0.01- and 0.02-inch tungsten clectrodes,

and the other for 0.04- and -inch tung-

sten clectrodes. [t is rated at 40 amperes TRANSFORMER co., INC.
continuous, and can be used with either ac

or dc supply. ) . ALPHA, NEW JERSEY

1)
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PROJECT
ENGINEERS

Real
Graduate Engineers with design

opportunities exist for
and development experience in
any of the following: Servo-
mechanisms, radar, microwave
techniques, microwave antenna
design, communications equip-
ment, electron optics, pulse
transformers, fractional h.p.

motors.

SEND COMPLETE RESUME TO
EMPLOYMENT OFFICE.

SPERRY
GYROSCOPE CO.
DIVISION OF
THE SPERRY CORP.
GREAT NECK, LONG ISLAND

Positions Available for

ELECTRONIC
ENGINEERS
with
Development & Design
Experience
in
MAGNETIC TAPE
RECORDING

MICROWAVE
COMMUNICATIONS

SONAR EQUIPMENTS

Opportunity For Advancement
Limited Only By Individual
Ability

Send complete résumé to:

Personnel Department

MELPAR, INC.
452 Swann Avenne

Alexandria, Virginia

50A

|
|
!

The following positions of interest to
LLR.E. members have heen reported as
open. Apply in writing, addressing reply
to company mentioned or to Box No.

The Institute reserves the right to refuse any
announcement without giving a reason for
the refusal.

PROCEEDINGS of the I.R.E.
I East 79th St., New York 21, N.Y.

ENGINEER

Large active midwestern quartz crystal
plant needs first class quartz crystal engi-
neer, well grounded in theory and with
complete experience in manufacturing and
testing procedures all types quartz units
Send complete detailed information on
experience and background in first reply
Salary open. Our employees know of this
ad. Box 574

ENGINEER

Excellent opportunity for a man with
experience in servo mechanisms and cir
cuit theory work. Opportunity for grad
uate work available, Write Box 30, State
College, Pennsylvania

DEVELOPMENT PHYSICIST ENGINEER

Experienced in theory, design and con-
struction ol attenuators, D to 3
KMC, and associated test equipment, well
versed in physics, chemistry and applic:
tion of conductive films, operation of
power tools, advanced mathematics. Write
giving complete education and experience
to \Weinchel Engincering Co., 123 Wil
liam Street, New York 7. New York

DIRECTOR OF TRAINING

Southern, G. 1. approved, private voca-
tional school desires capable man to take
charge of teaching courses in radio and
television. Salary $300 to $350 per month
Scholastic  hours. Teaching experience
preferred. \Write Mr. J. D. Muse, P.O
Box 505, Atlanta, Georgia

MECHANICAL ENGINEERS AND
DESIGNERS

Fully qualified. Accustomed to work-
ing with small electromechanical devices.
Write Mr. D. A, Murray, Mount Denis,
Toronto 15, Ontario

ELECTRONIC ENGINEER

Fully qualified. At least five years
laboratory experience in circuit design
and radio physics. Canadian national pre-
ferred. Write Mr. D, A, Murray, Mount
Denis, Toronto 15, Ontario

DEVELOPMENT ENGINEERS

All grades with degrees and experience
in design and development of high qual-
ity mstruments for research in physics,
chemistry, cte. Applicant will be required
to design and develop electrical, electronic
and mechanical instruments for the
nuclear field. Salary commensurate with
ability to produce a final working model
from the 1dea state. Box 577

(Continned on page 51A4)

PROCEEDINGS OF THE {.R.E

WANTED

ELECTRICAL
ENGINEER

for

DEAN

of

ELECTRICAL SCHOOL

of a
SMALL
MID-WESTERN
COLLEGE

® An interesting and challeng-
ing appointment is available to
a man having the desire and ex-
perience to enter or broaden his
opportunities in the field of
Education.

® The locality and facilities are
the finest with good housing
available on the campus and the
position is one which can be per-
manent and satisfy a desire for
personal achievement.

® In applying for this appoint-
ment outline in complete detail
—teaching and administrative
experience, scope of research
work, educational background,
degrees. Experience in electronics
will be given extra consideration.

® Aninterview can be expedited
if you will include personal in-
formation such as family status,
and salary desired. Our faculty
knows of this staff opening and
your reply will be held in full
confidence.

Write care

Box 581

Proceedings of the I.R.E.
1 East 79th St.
New York 21, N.Y.
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{Continued from page 50A4)

ELECTRONIC TECHNICIANS

For work il:l laboratory, assembling,
wiring and testing of precision electronic
design models. Applicants must have at
least three years of similar experience
and must be capuble of producing the
highest quality work. Box 377.

ENGINEER

Wanted, new electronic ideas company
with capital and manufacturing facilities
is secking new electronic products, inven-
tions, or ideas to expand commercial
business. Liberal arrangements with in-
ventors, Box 578.

PHYSICISTS
AND
ENGINEERS

This expanding scientist-
operated organization offers
excellent opportunities to
alert physicists and engi-
neers who are interested in
exploring new fields. We de-
sire applicants with exper-
ience in the design of elec-
tronic circuits (either pulse
or ¢. w.), computers, gyros,
or precision mechanical in-
struments. A few openings
for Junior Engineers and
Technicians also exist. This
company specializes in re-
search and development
work. Laboratories are lo-
cated in suburbs of Washing-
ton, D.C.

JACOBS
INSTRUMENT CO.

4718 Bethesda Ave.
Bethesda 14, Marylond

QGive

enough!

S
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‘electronic voltage regulators

1949

by Sﬂre“sen

MINIMUM DISTORTION o FREQUENCY INSENSITIVITY

Standard AC:

1508 250$ [2,000$ 5,000
M iy A | s00s |10005 [3,0005 (10,0008
15,0005
Harmonic 3% 2% 3% 3%
Distortion mox. max. mox. max,
R;gula'ion +0.1% against line or load
cevracy

95.130 VAC; also available for 190-260

tnput Vohoge VAC Single Phase 50-60 cycles

Adjustable between 110-120; 220-240 in
Output Voltoge | ~"239 yAC modals.

Lood Ronge 0 to full load

Down to 0.7 P. F. All models temperature

% (b Lrrp compensated.

NOTE: REGULATORS CAN BE HERMETICALLY SEALED

Standard DC:

*Output Voltage [] 12 28 48 (125
**lood in Amperes | 5-15-40-100]5-15-50]5-10-30 (15 | 5-10

95.130 VAC single phose 50-60 cycles;
adapter available for 230 VAC operation.

Input Voltage

Regulction 0.2% from 0.1 10 full load
Accuracy

Ripple Voltage
RMS Maxi- 1%.
mum

0.2 seconds-value includes charging time
Recovery Time of filter circuit for the most severe change
in load or input conditions.

*Adjustable + 10% —25%.

+eindividual models identified by indicating output voltog
first then amperes.
Example: E-6-5 = 6 VDC (@ 5 amperes

SPECIALS Your particulor requirements can be met by employing the
ORIGINAL SOREMSEN CIRCUIT in your product or application. SORENSEN
REGULATORS can be designed to meet JAN specifications. SORENSEN engin-
eers are always available for consuitation about unusuval regulators to meet
special needs not handled by THE STANDARD SORENSEN LINE.

White for complete Ulenalune

Eﬂrensen and company, inc.

375 Fairfield Ave., Stamford, Connecticut
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on BUD VARIABLE CONDENSERS

Today is the time to look for savings! Note the prices on our condensers and compare, Yon will find that the
ntire: Bud line masintaing greater value whils glving you the hest guality and sery e

BUD “CE" TYPE DUAL MIDGET CONDENSERS

Extrenedy eficlent, they embods everything that any other condenser has I'LUS & positive rotor wiping contact
in the exact electrical and phiysleal center permitting the design of balanced clreuits,

Ball bearings are featured on this double bearing condenser for centering and climination of end-play
Any of three methods of mounting can he used

Alignment is maintained by 4 rigid tle rods,

Two solder lugs on cach stator perit the placement of other components for efficient, short lead design,

PER SECTION Distance
Min Ni

Catalog Max, No. of Ar Behind Dealer
Nurbe Cap. Cag 1'lates Gay I"anel Cont
CE 35 [ 7 030 3 1782 $2.30
CE-20 o0 7 0 0ge” 31747 2.45
CE-2024 d N 14 [IX1Tad 32 3w 2.95
CE-2085 100 9 18 n3n’’ 1 oL 3.15
CE-2036 150 10 27 030" 5 3/16” 3.75
2] CE-2034 15 5 5 o 3 1/327 2,70
CE-2040 15 7 11 0gn’’ 4 1/32° 3.18
CE-2041 50 8 15 U 4 i 3.40

BUD "‘CE” MIDGET CONDENSERS—SINGLE BEARING
1. Any of the three methods of mounting can be utillzed
2. Extendded rotor shaft allows kanging of two or more condensers ’

J. Smooth opersting and nolseless hearlngs pesmit operation on high frequencies and pesent ecapacitsy changes

Max Min. No. ver

Catalog Cap 'ap, Alr of all Dealer
Nunher MMED. MMFD. Gap Plutes Lenkth Cost
CE-2020 15 4 .030” 1 11/16” $1.15
CE-2021 20 6 030" 7 1 297327 1.30

K 0 7 030 ] 2 1/32" t.40

< 75 8 .030" 14 2 1/4 1.60

o 100 9 H30° 18 2 157827 1.80
CE-2025 150 10 030" 2 3 2.00
CE-2028 10 5 060" L 115 16" 1.35
CE-2020 Kid 7 0607 11 P T 1.60
CE- 2030 5 8 060" 15 ) i .75

Bud Radio, Inc. manufactures and catalogs over 400 different variable condensers for your use.
We are ready to quote on special condensers in production quantities.
Write for catalog.

ol Ls)
pi el
CONDENSERS

CABINETS #1851 Leaos
Y TMESE ARE SOME OF THE 1274 ITEMS
AVAILABLE FROM BUD RADIO, INC.

2110 E, 55 ST. « CLEVELAND 3, OHIO

“NOBLELOY” METAL FILM
PRECISION RESISTORS

% GENUINE METAL FILM

* NOT CARBON

* NOTHING TO BURN

* CLOSE TOLERANCES /%, 1% ’
% REASONABLE PRICES

The “NOBLELOY" X Type Resistors has proven itself over a period of S years
in thousands of critical electronic circuits. Values and tolerances, Y, ohm to 30
megohms 1%; ' ohm to 200,000 ohms, Y%%. Sizes, % to $ watt.

CONTINENTAL CARBON, INC. cieversno 1, omio

X1-1 WATT

FULL SIZE

Write for
further details
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Positions Wanted
By Armed Forces
Veterans

In order to give a reasonably equal op-
portunity to all applicants, and to avoid
overcrowding of the corresponding col-
umn, the following rules have been
adopted :

The Institute publishes free of charge
notices of positions wanted by I.R.E.
members who are now in the Service or
have received an honorable discharge.
Such notices should not have more than
five lines. They may be inserted only after
a lapse of one month or more following a
previous insertion and the maximum num-
ber of insertions is three per year. The
Institute necessarily reserves the right to
decline any announcement without assign-
ment of reason.

ENGINEER

Graduate of American Television In-
stitutec of Technology, May 1949 with
3.8 Age 24, Single. Presently en-
gaged in  post-graduate work in the
U.LLF. field. Desires laboratory work in
the New York City suburban area. Box
208 \V

ENGINEER

<., June 1949, Polytechnic Insti-
tute of Brooklyn, Tau Beta Pi, lta
Kappa Nu. Age 25. Married. 214 vears
in Army Signal Corps. Desires position
indevelopment or product enginecring.
Prefer New York location but will con-
sider work anywhere in United States.
Box 299 V.

TECHNICAL WRITER

Development  engineer  available  for
writing assignments in radio, television,
and the allied arts. Technical articles,
imstruction  hooklets and  <imilar  work
treated with strictest confidence on com
mission basis. Box 300 \W

FIELD ENGINEER

Currently engaged U.S.N. in field en-
gineering. For past 9 years have been
supervising crews for installation and
mamtenance of  Naval Radar, Sonar,
V.HLF, HF, and communication equip
ment (receivers and transmitters). Grad
uate of Naval Materiel School, Wash
ington, D.C., B.S. in Applied Electronics,
St. Louis University. Age 30. Married,
3 children. Available June 30, 1949, Box
301 W,

ELECTRICAL ENGINEER
B.S. in Radio Engineering, and grad
vate work in Electrical  Fngineering
Former communications and fighter cot
trol ofticer. Desires research in electronics
or clectrical  engineering.  Married, 1
child. Location immaterial. Box 302 W

ENGINEER MANAGER

Harvard MS in communication engi
neering. Directed important and exten-
stve wartime Loran project in Pacific
Recently Development Division Engincer-
mg Manager. Desires permanent and re-
sponsible position with progressive or-
ganization. Box 303 \V

(Continwed on page 53-4)
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Positions Wanted

(Continued from page 52A4)

RADIO ENGINEER

B.S. in radio engineering, one course
to complete for B.S.E.E. Married, no
children. Age 26. 2); years experience
telephone carrier and VHF installation
and maintenance. Desires rescarch or
design position anywhere in  United
States. Box 305 \W.

TELEVISION ENGINEER

Graduate Amecrican Television Insti-
tute of Technology May 1949 with
B.S.T.1 Age 35, married, st class

5 years clectrical main-
tenance, 3 years radar maintenance, 3
vears radio servicing, desires position as
TV station engineer. Prefer east or mid-
west. Box 306 \V.

ELECTRONICS ENGINEER

B.S. physics. Age 27, Married, no
children. 2 vears industrial clectronics
research and development. Some guided
missile development. 3 years Army Radar
developing and maintenance. Anywhere in
United States; will also consider foreign
position, Box 307 W.

ELECTRONIC DESIGN ENGINEER—
ELECTRONICS INSTRUCTOR

B.Sc. 1937 University of Chicago. Age
32, Married. 3 vears experience in design
of radar equipment with eastern manu-
facturer vears experience in Navy
as radar maintenance officer. Have had
teaching experience in physics. Desires
position as electronic design engineer in
midwest, or eclectronics instructor in mid-
western college. Box 308 W.

ENGINEER

B.E.E. 1948 clectronics option Georgia
School of Technology. Age 22. 114 years
electronic technician U. S, Navy. Ist class
radio telephone FFCC license. 1 vear in-
dustrial experience in design and develop-
ment of radar components. Member FEta
Kappa Nu and Tau Beta P, Desires
work in development. Box 309 W,

JUNIOR ENGINEER OR
TECHNICAL WRITER

B.SEE. JTune 1940 [Ninois Institute of
Technology. Single, age 23. Desires posi-
tion in <ales engiteering or production in
United States. Willing to travel. 1%
years cxperience  as  Navy Electronic
Technician, power  plant  operator, and
electronic inspector. Fxcellent references.

Jox 310 W

RADIO (BROADCAST} ENGINEER

B.S.E.E. 1939. Over 5 vears’ experience
in broadeast work includes AM, FM,
Television, 30kw, transmitters. Last posi-
tion chicf engineer construction  large
station with complex directional antenna
Signal Corps radar staff officer during
war. Box 314 W

DEVELOPMENT ENGINEER

Fight years broad experience, rescarch
and development. Servos, auto, controls,
analogue computers, industrial clectronics.
Excellent theoretical ability well balanced
by laboratory and experimental work.
High scholastic standing in college. De-
sires position as Senior Development En-
gincer or Assistant Director of Research.
Jox 321 \W.

(Continued on page 54A4)

PROCELDINGS OF THE |LR.E October,

A Complete Line of

PRODUCTION TEST EQUIPMENT

for TV Manufacturers

Tel-Instrument has designed and provided the production test
equipment for many of the major TV manufacturers. A complete
line of instruments designed to be unusually critical in the testing
of TV receivers is available. They are the result of the wide
practical experience of Tel-Instrument engineers plus a complete
understanding of the production problems of TV manufacturing.

TYPE 2120
R.F.PICTURE SIGNAL GENERATOR

Provides picture ond sound carrier.
Modvulated by standard R.M.A,
composite picture signal. Sound
carrier stability svitable for testing
tnter Caorrier type receivers. In-
ternal 400 cycle FM and External
ovdio with 75 microsecond pre-
emphasis. Output mox. O.lv p-p
aocross 75 ohm line. Available
chaonnels 2-13.

TYPE 1200
12 CHANNEL
RF. SWEEP GENERATOR

[}

[

]

[

t

§

1

1

|

'

i

]

[

) Intended for precise adjustment of
1 R.F. head oscillator coils and R.F.
1 bond pass circuits. Pulse type
] morkers ot picture ond sound
! carrier frequencies extend o zero
' signal reference bose line. Ac-
! curocy of markers 0.02% of
! carrier frequency. 12 to 15 MC.
' sweep on all channels. Mox. 1.V
' peak output across o 75 ohm line.
' Provisions for balonced input re-
: ceivers. Instant selection by push
' button.

]

TYPE 1500

TYPE 1900 I.F. WOBBULATOR

CRYSTAL CONTROLLED
MULT!- FREQUENCY GENERATOR

A 10 frequency, 400 cps. modu-
lated crystal controlled oscillator,
ideal for production line adjust-
ment of stagger tuned LF. ampli-
fiers. Available with crystals rang-
ing from 4.5 to 40 M.C. Output
frequency accurate to 0.02%.
Immediate push button selection
of frequency. Output attenuator
range .5V to 500 microvolts. Self
contained regulated power supply.

!
]
1
|
]
|
]
I
|
!
]
1
|
| A two band sweeping generator
! covering the range of 4.5 to 50
! M.C. Capable of a band width of
' approximately *+25% on either
|  band. Five pulse type crystal
\ generated markers to specified
+ frequencies available for each
1 band. Accuracy of markers .05%.
i Zero signal reference base line,
¢ with markers extending to base
y line. 1.V output max. into 75 ohms.
. A saw sweep available for "X"
,  oxis of scope.

Write for Detailed Engineering Data Sheets.

Tol-Iuslrurmienl Co.Inc.

54 PATERSON AVENUE e EAST RUTHERFORD, N. J.
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Quality Electronic
Equipment Deserves

AL
TRIAD “"HS”
TRANSFORMERS

Volume production of Triad HS (her-
metically sealed) Transformers to
JAN specifications has enabled Triad
to lower costs to little more than that
of ordinary cased types. Triad HS
Series Transformers feature:

Triod Hermetic Seals—sturdy brass studs,
molded in low-loss plastic, eliminate
mechanical weaknesses often found
in other designs.

Wide Frequency Range —Nickel alloy lam-
inations, low capacity and low leak-
agereactance windings, plus balanced
designs, result in a frequency range
from 20-20,000 cycles + 1 db.

Reduced Field Pickup—Triad GP series
cases, drawn from annealed nickel
alloy, reduce stray field pickup by as
much as 95 db,

Small Size—HS-1 line input trans-
former with 95 db. shielding and 20-
20,000 cycle frequency response, in
case only 17 x 13,” (base dimen-
slons) x 2% high above chassis

Low Distertion—Triad output coils em-
ploy large cores of the best magnetic
alloys, with coils of low resistance
and low leakage reactance, to ap-
proach full output at all frequencies
with low distortion. Output trans-
formers may be included in feedback
loops using 30 db of feed-back
Complete Line—All types of audio colls,
power coils, reactors, supplied in
matching HS Series construction.

Write for
Catalog TR-49

TRANSFORMER MFG. CO

2254 Sepulveda Blvd.
Los Angeles 64, Calif.

54a

Positions Wanted

(Continued from page 53A4)

ENGINEER

B.E.E.-Cum Laude, CCNY. Fehruary
1948. Tau Beta Pi and Fta Kappa Nu
A\e 24 One and a half vears design,
development and production  experience
as project engineer, Main ficld—Antennas.
Desires position in New York Metro-
politan Area. Box 322 W.

ENGINEER

B.EE. 1943 CCN.Y., M.S. 1948 Co-
lumbia University. Age 28 Married. Six
years' experience in clectronic rescarch
and produet engineering. First class radio
telephone license. New York area. Box
323 W,

JUNIOR ENGINEER OR LABORATORY
TECHNICIAN

Graduate of R.C.A. Institute Tech
nology Course. Four vears' commercial
experience in electronic laboratory tech
mque. Worked  for Alexander  Fowler
and Allen 3. Dumom lahoratories. For
mer Air Corps instrument mstructor and
specialist. Hold Ist class F.C.C radio
and telephone license. Ixperienced in all
phases of laboratory work on viden or
clectronic circuitry. Age 27. Married. De-
sire New York City area or Long Island.
Box 325 W

ENGINEER

B.E.E. University of Florida, Septem-
her 1949, Communications major. Five
vears Army serviee, age 27, married, no
children., Willidg to travel. Box 326 \W

RADIO ENGINEER

BSEE. Umversity  of  California
September 1949, Communications major.
Age 23. 2 vears Navy IETM. Desires
position in radio, television, or technical
writing. Prefer west coast. Box 327 W

MICROWAVE ENGINEER

B.E.E. 1943, graduate evening student.
Married, age 27. 3% years’ research and
development experience on microwave
transmission components and systems, 2
years Army P.PM. rvadar link work.
Desires research or development work
vicinity New York City. Box 328 \W

ENGINEER

B.S. in radio engincering. 3 vears air-
borne radio and radar maintenance with
USM.C. 19 months audio repair with
Sound Scriber Distribitor. Age 27, mar
ried, 1 child. Desires work in U H.F, field
Box 329 \V.

ELECTRICAL ENGINEER
B.S.EE. 1949, single, age 23. Univer-

sitv of Illinois graduate, upper quarter
knowledge of Greek. Desire position in
Enginecring  Department  of  American
firm in Europe, preferably Greece. Avail-
able immediately. Box 330 \\

JUNIOR ENGINEER

BSEE. Columbia University, June
1949, Age 28, single. Desires promising
starting position in design development
or production, anywhere in United States,
Box 331 W,

(Continued on page 354)

rwv e r——
|

Also Gvailable in- 8
Molybdenum ond

Products

SIGMUND COHN CORP.
44 GOLD ST. NEW YORK

SINCE 1901
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Positions Wanted

COMMUNICATIONS ENGINEER

B.S.E.E. 1947. 2 vears carrier teleph-
ony, Signal Corps radio-link Age 27,
married, 2 children. Now employed in
Boston, wants research, design, station
construction, sales engineering, teaching,
or technical writing in central to southern
Maine. 2 years design of high-frequency
and microwave antennas. Box 332 W

ELECTRICAL ENGINEER

B.E.E. registration applied, age 28, sin-
gle. 3 vears' commutications experience.
1 vear servo-mechanism experience. De-
sires position in servo-mechanism n
growing concern. Location, midwest or
cast '

ELECTRONIC TECHNICIAN

High <chool graduate, 2 years U. S
Coast Guard radio and radar school. 2
vears at RCA Inetitutes, 5 vears’ ex-
1T | radar maintenance
med installation with U, S, Coast Guard:
3 vears with American Airlines as radar
transmitter band experi

Jd radar laboratory, Box 334 A\,

News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your I.R.E. affiliation.

Increased Wattage for
Soldering Guns

With the aid of a new method of trans
former core winding, a more efficient sol
dering gun is now being manufactured by
Weller Mfg. Co., 808 Packer St., Faston
Pa.

I’reviously held to 135 waus, due to
bulk and weight of the transformer, the
new guns have a 250-watt capacity by use
of a machine that winds the transformer
core from strip ~teel onto the primary and
secondary coils

Described as Model W-250, this gun
has no increase in size, a few ounces in
crease in weight, and a heating time of 3

seconds

Universal Bridge

The #1150 Universal Bridge has been
added to the laboratory instrument line of
electronic equipment of the Freed Trans-
former Co., 1718-36 Weirfield St., Brook
lyn 27, N, Y.

(Continued on page 56A4)
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| DESIGN TIPS FROM CHIEF ENGINEER I‘I.EXY‘1

S.S.WHITE
FLEXIBLE SHAFT

v

HERES HOW TO GAIN
GREATER LEEWAY

IN YOUR EQUIPMENT

“Study that illustration a minute. It won’t take you long
to see the many design possibilities you gain by using
S.S.White remote control flexible shafts to connect vari-
able elements to their controls.

“For instance, the flexible shaft coupling gives you o
free hand in locating the elements independently of
their controls. This is mighty important when it comes
to meeting space, wiring and servicing requirements or
when you're workifig for top circuit efficiency.

“As for the control knobs . . . you get the same free-
dom in positioning them. This means that you remove
many limitations on your cabinet designs and can pro-
vide more convenient tuning.

“So, when your circuit design includes variable ele-
ments. think of S.S.White flexible shafts. This is a tip
many designers of electronic equipment have used to
good advantage.”

WRITE FOR THIS FLEXIBLE SHAFT HANDBOOK

It contains 260 pages of facts and
technical data on flexible shafts and
how to select and apply them.
Write for a copy.

SSWHITE, hustriaL ...

THE S. 5. WHITE DENTAL MFG. CO.
DEPT. G 10 BAST 40th $T., NEW YORK 16, N. Vo

SHAFTS o SHATT TOOUS ©» AIRCOAPT ACCIISORMS
SMALL CUTTING AND ORINDING TOOLS « SPICIAL PORMVLA RVENARS
SO * MASHC .

Cue of Americas AAAA Tndustrial Enterpnises
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It CP for COAXIA
WALF-WAVE DIPOLE ANTENNAS

for two-way mobile service

PROVEN RELIABLE AND
EFFECTIVE OVER THE YEARS

CP Antennas use one of the most effective — and
elemental forms of antennas serving radio com-
munications. Simple physically and electrically, CP
Antennas have earned a reputation for reliability.

CP Coaxial Antennas are ruggedly constructed of
selected materials to give satisfactory commercial
service under severe operating conditions They are
recommended for both transmission and reception.
Power handling capacity is limited only by the rating
of the feed line. All antennas feature rust-proof con-
struction throughout with necessary accessories for
simple, positive installation.

Ask for your copy of CP Bulletin 106

This new bulletin, compiled by the engineering staff
of Communication Products, provides complete data
on CP antepna construction, as well as detailed
specifications and operational information. Fully il
lustrated with photographs and schematic sketches.
b ,h Call or write CP, now, for Bulletin 106 or literature

on any of the products listed below.

. ON
YoU CAN DEPELLCE cp PRODUCTS

5L0SS SWITCHES
J ‘%%FLON TRANSMlSS!ON Ll::ns
AUTO-DRYAIRE DEHYDRA

J COAXIAL DIPOLE ANTENNAS “al
J TOWER HARDWARE

KEYPORT(@/ ‘NEW JERSEY

i,

)]

| News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your I.R.E. affiliation

(Continned from a0e

Designed for measurements of in
ductors, capacitors, and determinaticn of
resistive and reactive components of i
pedances, the #1150 has a range of 20 to
20,000 cps, with accuracy to 1 per cent
It is used as a Maxwell, Hay, resonance
series-resistance capacitor, and parallel
resistance capacitor bridge

Further information is available from
Freed.

Six-Inch Log Slide Rule

A 6-inch log slide rule with computa
tional accuracy comparable to a 10-incl
rule, incorporating 16 computing scales,
may be obtained from Pickett & Eckel, Inc.,
5'S. Wabash Ave., Chicago 3, 111

B | L. 8

:

VoI Y

*¥ T
SO DR S
ey
Y= v

Described as Model 300, this rule is
constructed of a magnesium alloy with
optical tongues and prooves machined to
0.001 inch for permanent alignment.

On the front, scales LLIL1, A-B, T, S
C-D, and LL2 are inscribed, on the reverse
are L1.3, DF-CF, CIF, CI, C-D, and L

An instruction manual, written
Prof. M. .. Hartung of the University of
Chicago, is included

Metal Screen Shielding

Metal screen, described as Lectromesh
suitable for shlcldlng purposcs may now
be obtained in standard “counts” or de-
signed to your specifications from C. O.
Jellif Mfg. Corp., Southport, Conn

Lectromesh is a screen formed by elec
troplating copper, nickel, or a combination
of both onto a rotating cylindrical matrix.

Standard production includes from 25
to 400 “counts” per square inch. Widths
range up to 36 inches, lengths to 100 feet.

(Continned on page 5/A4)
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TYPE SX

SYNCHRONOUS
MOTORS

Cramer Type SX Synchronous Motors are
highly efficient permanent magnet type
motors that produce an exceptionally
high torque. Self-starting . . . quick start
and stop . . . operate at synchronous
speed only. Close tolerance of magnetic
field construction and precision align-
ment of gear train assure long, uninter-

rupted service.

APPLICATION

Designed for applications requiring a
constant speed at a given frequency,
Cramer Type SX Motors are widely used
throughout the instrument and control
fields to fill the gap between the low
torque clock motors and the fractional
horsepower group.

CHARACTERISTICS

High Torque: 30 in. oz. at 1 RPM, 60 cy.
Quick Response: Reach synchronous
speed within ¥ to 2 cy. Stop within 1 pole
of motion on 240 RPM rotor shaft (1/60
sec.). Speeds: Standard gear trains from
60 RPM through 1,24 RPH. Cycles: Avail-
able for 25, 50 and 60 cy. operation.
Coils: Easily replaceable. Lubrication:
Sealed within housing containing rotor
and gear train.

SEND FOR BULLETIN 108
THE R. W. CRAMER COMPANY, INC.
Box 12, Centerbrook, Conn.

INTERVAL — CYCLE — IMPULSE — PERCENTAGE TIMERS
RUNNING TIME METERS — GEARED SYNCHRONOUS MOTORS
8CR49
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News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical

information. Please mention your | R.E. affiliation.
(Continucd from page 56A4)

Cathode-Ray Tube Sealing

Machine

A new machine to be used in cathode-
ray-tube manufacture has been placed on
the market by Kahie Engineering Co.,
| 1309 Seventh St., North Bergen, N. J.

This machine is constructed to handle
interchangeable adaptors which enable it
to seal 16 tubes up to 124 inches, or 12 up
to 16 inches per cycle of operation.

The manufacturer claims the close tol-
erances to which these sealers are built
holds shrinkage to a minimum.

Complete information on all types of
tube machinery and consultation informa-
tion on individual problems is available
from Kahle. {

Counter

A new Model D31, end-window type
Geiger-Miiller counter, with the mica
window available in thicknesses from 2 to
3.9 milligrams per square centimeter, is
available from Nuclear Instrument &
Chemical Corp., 223 W. Eric St., Chicago
10, 1.

| Thin Mica End-Window ,

The D31 has a plateau length of 200 to
300 volts, with a slope of only 3 per cent
per hundred volts. Threshold voltage is |
between 1,050 and 1,300 volts, and count- |
ing life is at least 10* counts. |

An identical counter, 1332, with win
dow thicknesses between 1.5 and 2.0 milli
grams per square centimeter is also avail

—— e ———

OVERING THE ENTIRE

RANGE OF COMPONENTS...
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|

|

|

|

|
CTC ALL-SET Boards :
Speed Up Work On |
Assembly Lines And |
In Laboratories :

CTC ALL-SET Boards are designed to
save time and cut costs over a wide range

of standard assembly operations.

Boards with Type 1724 Turret Lugs
come in four widths: 14", 2", 214", 3"’; and
in thicknesses of 3¢’, ¥, 3"'. A Board
with Type 1558 Turret Lugs, for miniature
components, is 145"’ wide, with thicknesses
of 1"’ and 3&" only (Type X1401E). This
new miniature Board completes the CTC
ALL-SET group.

Boards are all of laminated phenolic, in
five-section units scribed for easy separa-
tion. Each section is drilled for 14 lugs,
with 10 mounted, except X1401A (14"
wide), which is drilled for 7 lugs per sec-
tion, with 5 mounted. All lugs are solidly
and precisely swaged, and each whole board
is ready for assembly.

Custom-Built Boards

are an important specialty ac CTC. Avail
yourself of our long experience in handling
the widest range of materials and jobs —
many of them requiring special tools —
and in all types of work to commercial or
government specifications.

CTC ALL-SET Terminal Boards, Cus-
tom-Built Boards and many other CTC
Guaranieed Components are described and
illustrated in our big new catalog #300.
Send for your copy today.

Turret Lugs Split Lugs

Double-End

Boards Lugs

Cslom or Flandard
Yo Geuaranteed
Cmm/mntwlt

CAMBRIDGE THERMIONIC CORP.
456 Concord Ave., Cambridge 38, Mass,

|
|
|
|
|
l
: Terminal
|
|
|
|
|
|
|

i
|
|
|
|
|
|
Swagers I
I
|
|
|
|
|
|

able. (
(Continued on page 584) ‘ '—————————_————_-'
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News—New Products

These manufacturers have invited PROCEEDINGS
readers to wiite for literature and further technical
information, Please mention your I.R.E. affiliation

Kilovoltmeter Range
Extension Device

Shal

cross Mfg. Co., 520 Puscy An
‘l

ACME ELECTRIC
TRANSFORMERS

The definitely better reception of sets pow-
ered by Acme Electiic transformers, is per
eptible to the cye and audible to the ear.
This better performance can well be a major
sales feature in a competitive market. Our
engineering department will assist you in all
your transformer needs.

ACME ELECTRIC CORPORATION
4410 Water St. Cuba, N.Y.

Audio Sweep Generator

riveroD U W R
Mu SCILLATOR | e

Designed for measurements and tests in the 300 to n
2500 mc range. The AIL Type 124A Power Oscil-
lator unit consists of a grid separation coaxial
oscillator employing a 2C38 disc scal triode, an
audio oscillator and modulator section, and a self-
contained power supply for operation from 115
volts at 50-60 cps.

Clo

300me-10w
POWER) s00mc-20w

OUTPUT ] 1200mc—-10w
| 2500 me—2.5w

Se( |
d 17-inch Vid A
- C ques

g 7 . of Bulletin 27A
7% wie Lrsluments ,é/f/ma/?xi;/, ine. Heterodyne Eliminator

SEND FOR COMPLETE DATA

160 OLD COUNTRY ROAD - MINEOLA, N.Y: Described as tvpe MCL-4 Signal Split
v ter, a ;

heterodyne eliminator has been de




YOU CAN TELL THE
QUALITY OF THE PLUG

BY THE EQUIPMENT
IT CONNECTS 4

INS RA A $. 10w

REMOTE AMPLIFIER (rear view) Type 122
made by Collins. Four flush mounted P-13 Recep-
tacles indicated by arrows. Complete catalog num-
ber of the four connectors: P3-13. Socket inserts
carry three 30-amp. contacts

TYPE “P” SERIES

P3-13 P3-CG-125
Receptacie Mating Plug
Sotket Contacts Pin Contacts

Type “P” Series of multi-contact electric
connectors has been used for years by
broadcasting stations and in better
public address systems. The series com-
prises 3 basic plug types and 4 recepta-
cles, including the single gang and two
gang wall receptacles. The six insert
arrangements start with two 30-amp
contacts and continue with 3,4, 5, and 6.
The P8- insert has eight 15-amp contacts.

Available through more than 250 distributors,
including such well known firms as Radio Special-
ties in Los Angeles; Henry O. Berman n Balti-
more; Gifford Brown in Des Moines; United Radio
in Portland; Houston Radio Supply in Houston,
Texas; Interstate Dist. in Wichita, etc

For complete engineering information, ask for
“PO-248'* Bulletin.

I SINCE 1915

|

| @BCH
[ cannow
I ELECTRIC

3209 HUMBOLDT ST., LOS ANGELES 31, CALIF.

IN CANADA & BRITISH EMPIRE
CANNON ELECTRIC CO,, LTD., TORONTO 13, ONT.

WORLD EXPORT (Excepting British Empire)
FRAZAR & HANSEN, 301 CLAY ST., SAN FRANCISCO

Pi 1 1 THI [/ 0

News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technical
information. Please mention your I.R.E. affiliation.

veloped for commercial purposes by J. L.
A. McLaughlin, P.O. Box 529, La Jolla,
Calif

Intended for use with communications
receivers having an if of approximately 455
ke, the MCL-4 has off frequency interfer
ence attenuation approximately 100 db
down at 1.5 kc removed from carrier or
telephone reception

Approximately 2 watts output power
are available for telephone reception; 4
watts output for C\V, Line and speaker are
provided with 500-ohim and §5,000-ohm
terminals. Power supply is 105 to 125
volts, 60 cps, self-contained

Reversible Polarity DC
Power Supply

The Model 203, 0- to 30-kv dc power
supply with reversible polarity, is being
procduced by Beta Electric Corp., 1762
Third Ave., New York 29. N. Y

variac-controlled; a

The output is
kilovoltmeter is included on the panel to
indicate its magnitude. Voltage is continu-
ously variable from 0 to 30 kv. Current
rating is 2 ma maximum determined by

rectifier rating). Approximately 300 micro
amperes at 30 kv

Input is 117 volts, 50 to 60 cps, 225
volt-amperes maximum

Microwave Pulse Amplifier

A new wide-band amplifier designed for
amplification of microwave pulses has heen
introduced by Hewlett-Packard Co., 395
Page Mill Rd., Palo Alto, Calif

Described as -hp- 460A, this anlphlier
has a pulse rise time of 0.003 microsce ond
and provides a gain of 20 db. Five in
struments may he cascaded 1o provide ad
ditional gain

When used in conjunction with -hp-
410A vacuam-tube voltmeter, the -hp
460A increases volumeter sensitivity 10

times at frequencics up to 200 Mce This
makes reading of voltages as low as 0.01

volts possible

| Television Tube Improvement

An improved line of cathode-ray thesu
of the hent gun type utilizing a single ion
trap magnet has been developed by the
Tube Div., Allen B. DuMont Labs., Inc., 2

Main Ave., PPassaic,
(Continued on page 60A4)

Each unit of every JOHNSON antenna
phasing system is individually designed
and built to meet the requirements of the
installation. Features desired by your
chief engincer are incorporated and the
design is approved by consultant prior
to production

Careful selection of components to
provide adequate safety factor. combined
with expert workmanship and advanced
engineering assure excellent performance

Control of phase shift in each leg of
the circuit and control of power division
among towers from the front panel are
standard features.

POWER RATINGS 1 TO 50 KW

JOHNSON, for many years a leading
supplier of antenna phasing equipment,
manufactures units with power ratings
from 1 to 50 kw. Standard, as well as
custom cabinets to match those of the
well known transmitter manufacturers
and virtually all the radio frequency com-
ponents are made right in the JOHN-
SON plant. Non-standard components
frequently required are made to suit
particular applications.

This versatility of manufacturing to
meet individual circuit design permits
‘custom work “— at standard price!

Additional phasing equipment accesso-
ries available from JOHNSON include:

* Tower Sampling Transformers

¢ Tower Lighting Chokes and Filters
* Remote Metering Equipment

¢« Sampling Loops

¢ Isolation Transformers

* Concentric Line

6. F. JOHNSON CO., WASECA, MINN.
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STODDART NM-20A

RADIO INTERFERENCE AND FIELD INTENSITY METER

® A portable unit that you can DEPEND
upon! Designed especially to with-
stand the rigors of oll-weather field
operation and yet! provide reliable
performance.

Measures FIELD INTENSITIES of radio
signals and r.f. disturbances using
either a rod antenna or a rotatable
loop antenna.

frequency

teries or

May be used as a two-terminal r.f,
Write for complele technical dala

voltmeter {balanced or unbalanced),
selective over
TINUOUS RANGE 150 kc to 25 me.

ONE MICROVOLT SENSITIVITY as a
two-terminal voltmeter; 2 microvolts-
per-meter using rod antenna.

the CON-

Operates from self-contained dry bat-
external
providing well-regulated filament and
plate supplies.

A.C. power wunit

STODDART AIRCRAFT RADIO CO.

Main office and plant:
6644 Santa Monica Blvd.
Hollywood 38, Calif.
Phone: Hillside 9294

8-247 General Motors Bldg.
Detroit 2, Michigan
Phone: Trinity 1-9260

1346 Connecticut Ave.
duPont Circle Bldg.
Washington 6, D. C.
Phone: Hudson 7313

EACH SOLVED A SPECIA

HEADED AND FORMED WIRE CONTACTS
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Write or phone (HARTFORD 2-4271) our Research Department

NEY COMPANY

L PROBLEM
YET

these are
“STANDARD” NEY
PRECIOUS

METAL
COMPONENTS

Chart shows form and overall
dimensions of a few of the
many types of contacts made
from Ney Precious Metal
Alloys for brush or wiping
contact applications. Full
technical and test data are
available on request. Other
Ney Precious Metal Alloys
have solved many special in-
dustrial application problems
Consult us freely without
obligation

NEY
GOLD

SPECIALISTS IN PRECIOUS METAL METALLURGY SINGCE 1812

27NY49
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| News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and further technica
Information. Please mention your I.R.E. afflliation

I'he inufacturer it I t
of ion-trap minates  ion-¢
blemishes, : nce it nds the bea

v once, results in ar dhstorted spot

Fhe new types 12RP4 and 15DPY re
place respectively types 12J 174 and 15AP4
Fhese tubes serve as direct repliacemen
xcept the si beam-bend
which may be added at low cost

ew Model Oscillator

A\ o | t o
3 A )

A new

¢ has 1 de y Sout
western Industrial Electronic Co
P Oak | 11 9

nto the cent ning
1 0.1 cps. S cill
modified s} Iy to allow operation with
to 0.1 cps «
tained, but their dvnamic characteristics

the standard model, b

good wave form down an be ob
are not as good as
longer time is required for the level
change

cause a
to stabilize

been made

after a frequenc

Portable Projection
Oscilloscope

A new Model 701, portable oscilloscope
employing the “Norelco” projection sy
tem with a 16X 12 inch screen, has bec
developed by Beta Electric Corp., 176

hird Ave., New York 29, N.

\

Model 701 when

strative purposes, the
closed is a cabinet 13 inches wide, 16 inches
high, and 19 inches deep, weigl Ibs
with the screen inside the casc

Provisions are made for rrnal 60 cps
or internal sweep synchronization; 6.3



S.S.White resistors are connected in
series to permit a current flow to ground,
when the “Hipot” Coupler is used to
measure or to synchronize voltage of high
voltage lines.

Canadian Line Materials, Ltd.—maker
of “Hipot” Couplers and other transmis-
sion, distribution and lighting equipment
—says—"“We have always found S.S.
White resistors of the highest quality.”
This checks with the experience of the
many other producers of electrical and
electronic equipment who use $.5.White
resistors.

SStiar ~ |

WRITE FOR BULLETIN 4906 | Brsiston;

It gives details of S.S.White Resistors

MOLDED e

|
| VIS
S.5.WHITE RESISTORS
are of particular interest to all who
need resistors with low noise level

PROCEEDINGS OF THE I.R.E.

including construction, characterist- | ~ e 2 and good stability in all climates.
ics, dimensions, etc. Copy with price [ HIGH YALUE RANGE
list on request. | v, 10 to 10,000,000 Megohms
: Vi STANDARD RANGE
. —L 1000 Ohms to 9 Megohms
5.5.WHI INDUSTRIAL
THE $. S. WHITE DENTAL MFG. CO. DIVISION
DEPT. GR 10 EAST 40th ST, NEW YORK 16, N. Y. ==
FLEXIBLE SHAFTS AND ACCESSORIES
MOLDED PLASTICS PRODUCTS—MOLDED RESISTORS'
One of Amenicas ARAA Tndustnial Enterfrises
2 ®
] ® [ ] N ] ® [ ] ®)]"*

The Tektronix Type 512 is a com-
pletely new direcl coupled cathode
ray oscilloscope which provides the
sensilivily; band pass; sweep ranges;
flexibility and dependability so neces-
sary for precision applicalions.

* * *

Present users throughou! the world—
leading universities; indusirial organi-
zalions; branches of armed services;
physiologisls; geophysicists; elc.~— have
come lo consider the Type 512 on
indispensible instrument by virtue of
its full complement of oulstanding
characleristics.

DC-2 me.

Coblos, TIXTRONIX

712 5. . HAWTHORNE BLVD

PORTLAND 14, OREGON

e

SWEEPS 3 sec-30 microsec.

$ Millivolt Sensitivity DC or AC

Detoiled Specificotions on request.

$950.00
f.0.b. Portlond,
Oregon

October, 1949

Which of these hooks
do you want to examine
10 DAYS FREE?

1. WAVEFORMS

Vql. 19, MIT Rad. Lab. Series. Edited by
Britton Chance, E. F. MacNichol, University
of Penn.; F. C. Williams, Manchester Uni-
versity; V. W. Hughes, Columbia Univer-
sity; and D. Sayre, Alabama Polytechnic
Institute. 776 pages, illustrated, $10.00

A detailed description of the generation and use
of precisely controlled voltages and currents, in-
troducing methods of wave shaping hy linear
circuit clements and negative feedback amplifier

The properties of vacuum tubes as non-linear cir-
cuit elements and their application to waveform

2. VACUUM TUBE AMPLIFIERS

Vol. 18, MIT Rad. Lab. Series. Edited by
George E. Valley, Jr.,, M.I.T.; and Henr
Wallman, M.LT. 733 pages, illustrated,

$10.00 o
Here is a complete analysis of important types of
amplifiers together with their design principles
and constructional techniques, The amplifiers
| ywide special ¢l acteristie h
very high gain, large bandwidth, or precise re
sponse,

3. COMPONENTS HANDBOOK

Vol. 1?7, MIT Rad. Lab. Series. Edited by
John F. Blackburn, M.I.T. 613 pages, illus-
trated, $8.00

This hook codifics information on the properties
and characteristics of most electronic components.
The first part lists fixed components such as wires,
cables, resistors, etc.; the second deals with elec-
tromechanical devices, and the third section is
devoted to vacuum tubes and cathode ray tubes

4. ULTRASONICS

By Benson Carlin, Hillyer Instrument Com-
pany; formerly Product Research Supervisor,
Sperry Products; 264 pages, 162 illustra-
tions, $5.00

llere is the first engineering consideration of
the ultrasonic field . the theory plus practical
nformation never before published! This new
book reviews elecuronic considerations and out-
lines of circuits. Mechanical and electrical design
and construction techniques of ultrasonic systems

are included.

1t brings you valualle information on: material
testing, agitation, ultrasonic transducers, ultra-
sonic systems, It explains clearly the character-
itics of ultrasonic waves that are important in
practical applications: curves, waves, and com-
plex waves; Fourier's theorem, wave trains and
the law of angular transmission; the ways ultra-
sonic waves may be produced, and the clectro-
mechanical converting systems,

Send No Money
MAIL COUPON FOR FREE TRIAL

S - - - - -

MoGraw.H11l Book Co., 330 W. 42nd 8t., N.Y. 18
HSend me book(s) corresponding to numbers en
cireled below for 10 days® examination on approval
in 10 days 1 will remit cost of book(m) 1 keep,
plus a few cents for delivery, and return un
wanted book(w) postpald, (We pay for dellvery
if you remit with this coupon; same return privi
lege.)

Name sese seessssssesssstasses ceesssas

Addrens

it oo sreesnie fe 11y State

Company

1"ositlon X
IRE 10 40

This offer applies to U. 8. only
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EVERYTHING YOU WANT IN
“STABILIZED" CRYSTALS

High quality—quick delivery—modest cost! All
three are yours when you use James Knights
Co. "Stabilized” crystals.

Whethes standard crystals, or
crystals built to your exact specifications, The
James Knights Co. is equipped to supply you
promptly.

you wish

A special production system is maintained to
effect greater savings for you on short run jobs.

The James Knights Co. fabricates a complete
ine of "Stabilized" crystals to meet every need
—precision made by the most modern methods
and equipment.

Whenever you think of crystals, think of JK
‘Stabilized” crystals. They're your best bet—
your best buy!

New James Knights Co. Calalog On Request

A tube research laboratory
needed a 19 ke crystal to use
as a3 standard. The James
Knights Company delivered
one in hurry. A partially as.
sembled HI8T  hermetically
sealed unit on 19 ke is shown
at the left. The James Knights
Company does many kinds of
special work for exacting cus
tomers every day.

7ée JAMES KNIGHTS .

SANDWICH, 1LLINOIS

[

s

| GRVSTALS

News—New Products

These manufacturers have invited PROCEEDINGS
teadew. to write for literature and further technical
information. ricase mention your I.R.E. afflliation.

(Continued from page 60A)

volts ac signal is available from binding
posts

Vertical deflection is approximately 60
millivolts rms per inch, or 0.6 volt full
scale. Horizontal deflection is approxi
mately 0.65 volt rms per inch, or 1 voli
full scale,

New Type Permanent
Magnet Materials

Two new types of materials for the
fabrication of permanent magnets, Alnico
5 DG (directional grain), and Alnico 7, are
announced by Chemical Dept., General
Electric Co., Pittsfield, Mass.

A change in the manufacturing process
causes the crystal structure of the magnets
to be aligned in the direction of magnetiza-
tion. It is claimed, as a'result of this. that
smaitller magnets may now be used to per
form as larger magnets formerly did; and,
that Alnico 5 DG will provide the highest
external energv and residual induction of
4Ny permanent magnet material known to-
day

I'he other product, Alnico 7, has also
been developed specifically for applications
where a high demagnetization force is
present such as in motors, generators, and
variable air gap devices. This new magnet
shows a higher coercive force than any
other grade of Alnico

Bet.a Gauge for Industrial
Applications

The Model SN -2, the first of a series of
industrial measuring and contro! instru
ments using the isotope Strontium-90 as a
source of radiation is announced by
Tracerlab, Inc., 55 Oliver St., Boston 10
Mass

The sheet material to be measured is in
terposed between the source and the detec
tor and a part of the radiation is absorbed
by the sheet material in proportion 10 is
weight per unit area. \Weight per unit area
or thickness is read on a properly cali
brated recorder connected to the detector.
I'he recorder scale can be calibrated in
terms of a plus or minus deviation from
specifications or as an absolute thickness or
weight reading

One of the advantages of these gauges
is the fact that no physical contact is made
with the material being measured, causing
no marking of delicate or easily marred sur
faces, as is the case with mechanical and
other contacting gauges.

(Continued on page 634)
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fnonly 1 SECOND!

COMPLETE
AUDIO WAVEFORM ANALYSIS

with the

AP-1 PANORAMIC
SONIC ANALYZER

. % o amess

. ew'me
 rmoumr ey

Oscillograph ot wave-
form to be analyzed

Panoramle Sonle
Analysls of the same
wave

—_———

Provides the very utmost in speed, sim.
plicity and directness of complex waveform
analysis. In only one second the AP.] auto-
matically separates and measures the fre.
quency and amplitude of wave components
between 40 and 20.000 cps. Optimum fre-
quency resolution Is malntained throughout
the entire frequency range. Measures com-
ponents down to 0.1%.

® Direct Reading
® Logarithmic Frequency Scale

® Linear and Two Decade Log
Voltage Scales

® Input voltage range 10.000,000:1

AP-1 is THE answer for practical investi-
gations of waveforms which vary in a ran.
dom manner or while operating or design
constants are changed. [t your problem lIs
measurement of harmonics, high frequency
vibration, noise, intermodulation, acoustics
or other sonic phenomena, investigate the
overall advantages offered by AP-1.

Write NOW for complete speci.

fications, price and delivery.

PANDRAMIC 775

}“nnmu PRODUCTS Inc

WOUNY YIDNON. » T

i -
10 SOUTH 31COND AV >

October, 1949



News—New Products -
Thcuemanufacturm have invited PROCEEISNGS KLYSTRON ‘

readers to write for literature and further technical

information. Please mention your I.R.E. affiliation. | POWER SU PP
(Continued from page 62A4)

Oscilloscope Time MODEL 910

Calibrator 4 Section, Rack Mounted Unit Supplies All Voltage
An instrugient for measurement of and Current Requirements for Most Types of
elapsed time between any two points on Klystrons.
the oscilloscope trace is being manufac-
tured by Owen Laboratories, 9130 Orion OUTPUTS
St., San Fernando, Calif Beam Supply Control Electrode
250 to 3000 V.D.C. Supply
0 to 300, ma. 0 to —300 v.D.C,
10 mv. ripple 0to | ma
Regulated 0 to 175 V.D.C.
Continuously Variable 0 to 30 ma.
15 mv. ripple
Regulated
Reflector Supply Continuously Variable
—50 to —1500 V.D.C. .
0to ! ma. Filament Supply
: 10 mv. ripple 0to 10 V.A.C.
Regulated 0 to 3 A center tapped
Continuously VYariable Continuously Yariable

All sections insulated for 5000 V.D.C.

) - All OQutputs Metered for Both Voltage and Current
Designated as the Type 160, this ac-

cessorv is inserted in the lead from signal
source to the input, and allows either the
signal to be observed or places time
markers along the sweep. These markers
appear as the crests of a damped sine wave,
with a frequency of 1, 10, or 100 kc, or

1 Mc. Thus a choice of markers having in- FU R s T E I. E c T B'o N I c s
tervals of 1 millisecond, 100 microseconds, 14 S. Jefferson St., Chicago 6, M.

10 microseconds, or 1 microsecond is pos —
sible

Time Delay Relay—Interlock

Write for Bulletin 910 for Complete
Description and Price.

FREE: 32,000 RESISTORS*
New SOCket-TurretS These Kits are in use by industrial, de-

. . sign, and research labs.; colleges;
A new terminal structure on which the trade schools; amateurs.

circuit components associated with a
vacuum tube may be connected directly at
the socket, has been designed by Vector
Electronic Co. 1101 Riverside Dr.. Loz

YOU CAN REDUCE
COSTS ON YOUR
PRESENT PRODUCTS

with the aid of Conducting, Re-
sistance, and Magnetic Coatings.

“ —\
e
\Gemas
PRINTED CIRCUITS 1|
can be used in EVERY \!

branch of electricity ‘

1
[
i S .
By this means sub-assemblies are $21 SUPER KIT
sadi 3 :

rc.adlly fonpgd and these can b'e installed The S21, Super Kit, is a complete experimental-
with a minimum of connections, thus pnntcg-c:;cuit-pain; laboratory. Contains Sil-
. o 3 Ry ver Conducting Paint; Copper Conducting
snmphf)mg the construction of electronic Paint: Low. Medium, and High Resistance
equipment. Paints; Solvent; and Lacquer. Manual *‘Design

Stray capacitance is generally reduced :’::’h '::2"""‘(“:' Printed Circuits'* included free
since t.hc_numhcr and length of circuit leads HAND PAINTED CIRCUIT From your distributor or our factory only $7.27.
" mlmmlz.cd, B)’ the use of space lm(lcrlh.c You do not have to switch completely to :onc Kit contains the equivalent of 33,000
socket which is usually wasted, a compact printed circuits to realize part of gggi' :'.ving;, s-watt resistors,
arrangement can be made. While Socket- Your present product designs can benefit from 0O THIS:

- - . brush or spray-applied conducting and resist- : .
Furrets are advantageous for experimental ance coatings. A few dabs or short painted or I. Order one of our convenient $21 Kits of air-
work, they also make possible may econ sprayed lines may save you pennies and dimes drying conducting and resistance paints.

R R lucti T'hese q PR on every unit. Current uses are for shieldina, 2. Use it to mr,plv'y your circuits or to make
Omu_s‘ in production. hese mountings are elimination of resistors and wires, gvoundmg complete upmrpcntal pupted circuits, )
supplied in a varicty of sizes and styles of static charges, increasing coil and conduc- 3, Tell us what kind of paint you will need in
having octal, loctal miniature, or noval tor inductance, and many others. quantity. We will supply it.

[ « [ < []
sockets of standard design MICROCIRCUITS COMPANY  Dept. 10K New Buffalo, Michigan

(Continued on page H4A —
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FM

SIGNAL
GENERATOR

TYPE 202-B
54-216 Megacycles

Specifications ;

RF RANGES: 54-108, 108-216 mc
+0.5% accuracy. Also covers
0.4 mc. to 25 mc. with accessory
203-B Univerter.

VERNIER DIAL: 24:1 gear ratio with
main frequency dial.

FREQUENCY DEVIATION RANGES:
0-24 ke., 0-80 ke., 0-240 ke.

AMPLITUDE MODULATION: Con-
tinuously variable 0-50%, cali-
brated ot 30% and 50% points.

MODULATING OSCILLATOR: Eight
internal modulating trequencles,
from 50 cycles to 15 ke., available
for FM or AM.

RF OUTPUT VOLTAGE: 0.2 volt to 0.1 micro-
volt. Output impedance 26.5 ohms.

FM DISTORTION: Less than 2% at 7S kec.
deviation.

SPURIOUS RF OUTPUT: All spurious RF voltages
30 db or more below fundamental.

BOONTON “KADIO
Lwata/éfw

AVAILABLE AS AN ACCESSORY
is the 203-B Univerter, a unity gain
frequency converter, which in com-
bination with the 202-B instrument
provides additional coverage of
from 0.4 to 25 megacycles.
Write for Catalog G

DESIGNERS AND MANUFACTURERS OF
THE Q METER - QX CHECKER
FREQUENCY MODULATED SIGNAL GENERATOR
BFAT FREQUENCY GENERATOR
AND OTHER DIRECT READING INSTRUMENTS

BOONTON-N-J- U-S-A

MODEL 204 WIDE BAND CHAIN AMPLIFIER
Band Width: 100 KC to 200 MC. Gain: 40 db.
Impedance: 200 ohms. Rise time: .003 usec.
With the Model 204: transients, pulses and other high frequency voltages can now be
amplified with the convenience of audio amplifiers.
With the Model 204: vacuum tube voltmeters and oscilloscopes are 100 times more sensitive.
With the Model 204: the output of signal, sweep and pulse generators and crystal and
mercury delay lines are 100 times greater.
With the Model 204: television signals are 100 #imes stronger.
Other Wide Band Chain Amplifiers available:
Model 200A — 10 db gain. Model 202 — 20 db gain,
Makers of chain amplifiors, temperature controls, variable electronic filters, high frequency
probes, and power supplies.

SKL

Werite for Bulletin 204 - 1.

SPENCER-KENNEDY LABORATORIES, INC.

186 MASSACHUSETTS AVE.,, CAMBRIDGE 39, MASS.

64 PROCEEDINGS OF THE I.R.E
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News—New Products

These manufacturers have invited PROCEEDINGS
teaders to write for literature and further technical
information. Please mention your |.R.E. affiliation

(Continued from page 63A4)

* * *On a condensed general catalog de
scribing a complete line of products and
components of James Millen Mfg. Co.,
Inc., 150 Exchange St., Malden, M

***A 26-page booklet entitled “Inco
Nickel Alloys for Electronic Uses” has been
made available by International Nickel
Co,, Inc., 67 Wall St., New York 5. N. Y

* * *On a bulletin describing four types of
soldering guns with interchangeable tips,
from Weller Mfg. Co., 808 Packer St

lZaston, Pa

* * *A new 50-page catalog in color, de
scribing production methods, many meas
uring instruments, and a list of represen
tatives and repair stations may be obtained
y writing to Simpson Electric Co., 5200
18 W. Kinzie St., Chicago 44, 1l

* * *A measurement manual, available
to chief engineers of radio stations, to as
sist in making FCC required station per-
formance measurements for FM and AM
may be obtained from Hewlett-Packard
Co., 395 Page Mill Rd., Palo Alto, Calif

* * *A catalog, #OP-ARS0, describing a
heavy-duty spash-proof switch with a
“plate” type actuator, rated at 15 am
peres, 12§, 250, or 460 volts ac, single-pole,
double-throw, may be obtained from
Micro Switch Corp., 11 \V. Spring St.,
Freeport, 111

TV Power Supply

A lightweight power supply capable of
providing a source of regulated dc at loads
from 200 to 300-ma has been designed b
the Television Section, RCA Victor Div.
Radio Corp. of America, Camden, N. J,

Suitable for broadcast, laboratory, in
dustrial, and communications applications
the type TY-25A is adapted for use as
either a rack-mounted, or as illustrated, a
portable unit

The output is adjustable between 260
and 290 volts, with variations of less than
0.5 per cent from minimum to maximum
load. The ac ripple is less than 0.01 per
cent from peak-to-peak. Power require
ment is 120 volts, 60 ¢ps, 300 watts.

(Continued on page 654)
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STURDY!

JOHNSON BANANA SPRING
PLUGS AND JACKS

Studs extend full length of springs for
added support. High grade nickel plated
brass screw machine parts with accurate
threads and milled nuts.

All plugs can be furnished with nickel,
cadmium or silver plating if required.

JOHNSON also manufactures spring
sleeve types, removable round head tip
jacks, molded round head tip jacks, in-
sulated combination jacks, metal head tip
jacks, twin tip jacks and shorting type
twin tip jacks.

See them at your JOHNSON Dealer
. notice their high quality . .

( \\) excellent design!

E.F. JOHNSON CO.

WASECA, MINNESOTA

A.R.C.'s VHF Communication and
Navigation Equipment is a

REVELATION

Get static-free communication and the
added reliability of omni range navi-
gation with A R.C.'s Type 17 2-way
VHF Communication’ and Type 15B
Omni Range Navigation Equipment.
With the 15B tuned to VHF omni sta-
tions, you fly directly in less time.
You can receive weather broadcasts
simultaneously with navigation signals
—statlc free! It simplifies navigation
and gives long, trouble-free life. The [
Type 17 adds an independent com-
munication system for use while the
15B is providing navigational informa-
tion. Installations for both single and
multi-engined planes are made only
by authorized

a_
w agencies.
N
et N TS e

CLEAR

COMMUNICATIO

\\ 3 |

N |

|

°NVH F )1

= T\
All A.R.C. oirborne equipment
is Type Certificoted by CAA.
It is designed for reliobility
ond performonce—not to meet
o price. Write for further de-

toils or name of your neorest
A.R.C. representotive,

Pircraft Kadi) (orporation

BOONTON, NEW JERSEY

News—New Products

These manufacturers have invited PROCEEDINGS
readers to write for literature and fu-ther technical

information. Please mention your I.R.E. affiliation.

(Continued from page 64A4)

Waveguide Test Equipment

The illustrated microwave test ap-
paratus, operating between 2,600 and
3,950 Mc, was designed and developed by
Varian Associates, 95 Washington St., San
Carlos, Calif.

On the left, the co-axial cable 10 wave-
guide transition has VSWR of less than
1.25 from 2,700 to 3,200 Mc, and a con-
nectorless coupling accommodating RG-
5/U, RG-8/U, or RG-21/U flexible co-axial
cable directly, utilizing the inner conductor
as the probe. Range of the variable at-
tenuator is from 0.5 to 10 db, with power
rating of 1 watt coverage, 1 kw peak.

Improved Sound Pressure
Measurement Equipment

The Model GA-1007 sound pressure
measurement equipment, with the micro
phone permanently attached to the tip of
the flexible probe, is now available from
the manufacturer, Massa Laboratories,
Inc., 3868 Carnegie Ave., Cleveland 15,
Ohio.

‘This instrument will directly measure
sound pressure from a few to several mil
lion dynes/cm? in a range from 50 cps to
250 kc. The output signal is delivered by a
25-foot cable at an impedance level of 500
ohms. Extension cables have no appre-
ciable effect on the frequency characteris-
tic of the system.

The manufacturer further states that
wave fronts whose pressure changes occur
in periods of only a few microseconds are
casily measured with the Model GA-1007,

(Continued on puge 68A)
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@ PRECISION PRGDUCED
® PERFORMANCE PROVED

SUPER ELECTRIC PRODUCTS CORP.

Pacing Electronic Progress With Ingenvity
1057 Summit Ave., Jersey City 7, N. J.

FLEXAGUIDL

A flexible woveguide with on electrically continvous
FLEXIBLE CONVOLUTED bell i p d by
a speciolly LOW TEMPERATURE flexible molded jocket

It is PRESSURE tight and electricolly correct for oll con-
ditions of bending and flexing. Stonding Wove Ratio
is equivolent to dord rigid id bly

9
throughout the flexing cycle and hos excellent attenva-

tion characteristics

Send for latest information

/ectron
DESIGNS and PRODUCES
Electronte and Areraft Components

105 East Elizabeth Avenue
New Jersey

Linden




Reaching 17,000 Radio Engineers

with a Balanced Promotion Package

The IRE Promotion Package gives three-
way coverage, in a balanced campaign to

sell the technical radio-electronic market.

Promotional advertising in the monthly
magazine of radio engineers, “Proceedings
of the LR.E.” aggressively presents the
products of vour firm to design engineers
in the ‘“‘pre-specification” period. These
men are extraordinarily hard to reach. vet
control buving through their enginecring
knowledge. They are the men you have to
sell if you want your product or material
specified, or designed into the equipment

or stations they engineer and plan.

Reference advertising in the IRE YEAR-

BOOK, gives vour progam year-long serv-

ice in the buying data book every engineer

has handy. Here, vou sell when the engi-
neer wants the facts. Your ad faces vour
product classification or company listings.
Your story is told precisely when, and
every time it is needed. YEARBOOK ad-
vertisers get all the breaks, because they

serve the engineef.

Product Presentation is accomplished in
the annual Radio Engineering Show to
which 15,710 radio engineers came in
March 1919. Here, in four days you can
do more contact work, at lower cost than

in any other way!

Write us for “Electronic Market No. 1” file.

THE INSTITUTE OF RADIO ENGINEERS

A Balanced P;-nrrlollép; Package

1913

TO SELL THE “Proceedings of the LR.E.” TheIRE Yearbook TELL THE
The Radio Engineering Show
RADIO 303 WEST 42nd STREET, NEW YORK 18, N. V. RADIO
INDUSTRY Clrcle 6-6357 ENGINEERS

PROCEEDINGS OF THE |.R.E.
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ACCURATE PHASING WITH T.LC.
METHOD OF GANGING PRECISION POTENTIOMETERS

MECHANICAL SPECIFICATIONS

® Precision machined aluminum base and cover

diameter, 1” depth.

® Prec.sion phosphor bronze bushing.

® Centerless ground stainless steel shaft,

® No set screws.

® Mechanical rotation—360°.

® Clamping method of ganging permits individual
adjustment of angular position,

® Temperature range —85° to +-165°F.

® Rotational Life—At least 1 million complete cycles
of revolution.

ELECTRICAL SPECIFICATIONS

® Winding—both linear to 0.27 and nonlinear to (3 gang RV-2)
17, accuracies.

@ Paliney contact to winding; two-brush rotor take-off

assembly with precious metal contacts. Write today for bulletins on other T.1.C.
® High, uniform resolution provided by our method products: Z-Angle Meter . RF. Z | RIGID-TIP
of winding non-linear resistances. Angle Meter R-F Power Oscillator | |ggest in tip

Translatory Variable Resistors

® Electrical rotation maximum 320 . Slide Wire Resistance Boxes . . . Phase | engineering X
® All soldered connections (except siiding contacts.) Angle Meter. LONGER REACH/
full 5% inches
This general line of precision potentiometers was developed in collab- | /
| SOLDERLITE

oration with the Fire Control Section of the Glean L. Martin Company.
spotlights the work

TECHNOLOGY INSTRUMENT CORP. &2 g

balanced
1058 MAIN STREET, WALTHAM 54, MASS. | 2umre

' ’ + | single heat

ENGINEERING REPRESENTATIVES 200 watts,

Chicago. 11l.—STate 2-7444 Cambridge, Mass.—ELiot 4-1751 Canaan, Conn,—Canaan 649 | dual heot

Rachester, N.Y.—Charlotte 3193-) Dallas, Tex.—Logan 6-5097 Hollywood, Cali’.—HOllywood 9-6305 200/250
walls;

115 volts,

o Power-packed, it handles heav
”e’y tow ’fef"e”cle‘ coy work wi':h ease—yet the compncl{
) lightweight design makes it equally
suited for delicate soldering and
getting into tight spots.

Pull the trigger switch and you
solder. Release the trigger, and off
goes the heat—automatically. No
wasted time. No wasted current. No
need to unplug the gun between
jobs. ‘Over and under’ position of
terminals provides greater visibility
with built-in spotlight. Extra 5%"
length and new RIGID-TIP mean
real soldering efliciency.

Chisel-shape RIGID-TIP offers
STODDA RT NM 10A _ more soldering area for faster heat

= transfer, and new design gives brac-
ing action for heavy jobs. Here you
get features not found in any other

60 cycles . pp\V%
. You can do every kind of soldering
. . with this new 250 watt Weller Gun.

RADIO INTERFERENCE AND IlD INTENSITY METER

@ MEASURES radioted and conducted either bolonced or wnbolonced, one soldering tool . ..advantages that
signals, including pulse or random microvolt to one volt. . save hours and dollars. Your Weller

inf¢cfarsnce. READS directly in microvolts ond db. Gun pays forilselfin‘n few monll’|s.
Order from your distributoror write
RANGE—14 ke to 250 ke. A.C. POWER SUPPLY REQUIREMENTS for bulletin direct.

. ; 105 to 125 volts or 210 to 250
SENSITIVITY — Field strength using volts A.C. Single phase source may SOLDERING TIPS—get your copy of

rod ontennas one microvolti-per-mefer be ANY FREQUENCY BETWEEN 50 the now Weller guide 1o eosier, foster
to 2 volts-per-meter. Fisld strength soldering—20 poges fullyillustroted.
using shielded floop ontennas 10 CPS AND 1600 CPS. No shock hazard. Price 10¢ ot your distributor, or or-
microvolts-per-meter to 100 volts-per- ® GRAPHIC RECORDER included with der direct.
meter. As o two-terminal voltmeter, versatile complement of accessories.

Write for complete technical dota

Main omceSoLRERART AIRCRAFT RAD'Q“CCQ"."'M' Ave. ‘ WELLER

. 8.247 General Motors Bldg. .
6644 Santa Monica Blvd. i P duPont Circle Bldg,
Hollywood 38, Calif. Detroit 2, Michigan Washington 6, D. C. MANUFACIUR'NG COMPANY

Phone: Hillside 9294 Phone: Trinity 1-9260 Phone: Hudson 7313 8§21 Packer Street o Easton, Pa

PROCELDINGS OF THE |L.R.E October, 1949 671




' THE Mu-Beta EFrect CALCULATOR

described in this issue is available as a

precision instrument in permanent form I

PRICE $5.00 (with case)

[ from

GRAPHIMATICS
201 NORTH TAYLOR AVENUE, KIRKWOOD, MO.

News—New Products

These manufacturers have invited PROCEEDINGS

readers to write for literature and further technical

information. Please mention your I.R.E. affiliation.

(Continued from page 654)

New Mutual Conductance
Tube Tester

A portable tube tester, Model 600, with
dynamic mutual conductance circuits for
accurate test of radio or TV tubes, has heen
designed by Hickok Electrical Instrument
Co., 10551 Dupont Ave., Cleveland 8
Ohio.

This unique pack-
aged component is easily built into
your apparatus. It has true decimal
reading, and simple binary circuit with ‘
reliable automatic interpolation. Min-
iature size. Moderate price. Immedi-
ate shipment. |

Send for Bulletin DCU-116

Scale readings are directly in microm
hos, with ranges of 0-3,000 6,000-15,000
micromhos.

The Model 600 is housed in a portable
case, 7} inches by 11 inches by 163 inches.
Weight, 15 Ibs. For complete information
write H. D). Johnson at Hickok.

SIXTH AND NEVIN AYE * RICHMOND, CALIFORNIA

‘ Pioneer in Radio Engineering Instruction Since 1997

/APITOL RADI0 ENGINEERING INSTITUTE

An Accrediled Technical Institule

ADVANCED HOME STUDY AND
RESIDENCE COURSES IN
PRACTICAL RADIO-ELECTRONICS
AND TELEVISIDN ENGINEERING
Request your free home study or resi-
dence school catalog by writing to:
DEPT. 249.A

16th and PARK ROAD N.W.
WASHINGTON (0, D.C.

Approved for Veteran Training /
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New Freed Instruments

Introduced for electronic laboratory
use, the Freed Transformer Co., 1718-36
Weirfield St., Brooklyn 27, N. Y. an
nounces a new power supply and a null de
tector voltmeter.

Fhe A.C. Power Supply Freed is a
laboratory instrument with a continuous!
variable output from .1 volt to 100 volts
with variable 60 cycles supply. It is il
lustrated here.

I'he #1210 Null Detector and Vacuum
Tube Voltmeter is presented as precision
equipment designed for a.c. Bridge incas
urements. [t provides simultancous meas
urement of the voltage across the unknown
and the balance of the bridge. According t0
the manufacturer, sensitivity to .1, 1, 10
100 volts and the Input Impedance is 50
megohms shunted by 20 mmgd. fre
quency range is 20 cycles 1o 20,000 cycles.
Null detector gain is 94 Db, Selective cir
cuits for 60 cycles, 400 cycles and 1000
cyvcles. Frequency range is 20 cycles to
30,000 cycles.

Exhibit Reservations Early
and Heavy In 1950 Show

- -

183 exhibit reservations have alread
been made and assigned in the 1950 Radio
Enginecring Show to be held in Grand
Central Palace, March 6-9, in conjunction
with the IREX National Convention

Acting surprisingly fast on the first

industry announcement, most of the
“famous regulars” who have been in every
show since IRE moved to Grand Central
Palace, have taken their usual space

But 33 new companies have been quick
to reserve space too. Special interest has
been shown in the combination booths
witle sound demonstration theatres pro
vided for audio exhibitors.

“Island Style” grouping and wider
aisles on the second tloor have been so well
received that this floor is entirely sold out
For full information and Floor plans, write
Mr. Robert Marcett, Reservations Man
ager, Rm. 707, 303 \WWest 42nd Street, New
York 18, N. \

October, 1949



Now You (an —
Find products easily!

Look in the IRE Yearbook—

3347 Electronic Supply Firms Listed:

An alphabetical index of over 3000 firms of interest to Radio
Engineers is given. All engineering products for each firm are
shown in code numbers so that a complete picture of that firm
is presented. Cross indexing is provided for advertisers to save
you time in making direct reference to the advertisers’ full story.

Index of 75 Products Complete
and Services Fast Reference
This year. complete for companies who
answered our requests, The Product Index Undersfondable
shows ALL firms. Advertisers dare given
with complete addresses. A turn to al- Published for IRE Members
phabetical directory gives full data on
the briefer listings. from Associate grade—up.

LookItUp In
Your IRE Yearbook

Use Its Engineering
Products Listings!

PROCELDINGS OF THE |.RE October, 1919

Made by

Machining
ond dvilli??/

Multi-Swage

 Choose right and make

Big Savings on
SMALL METAL PARTS

costs HALVED! Instead of turning and
drilling parts like these from solid rod, or
stamping and forming them, the BEAD CHAIN
MULTI-SWAGE Process automatically swages
them from flat stock. By doubling the pro.
duction rate and eliminating scrap, this
advanced process can save you as much as
fifty percent of the cost of other methods.

The BEAD CHAIN MULTI-SWAGE Process
produces a wide variety of hollow or solid
metal parts—beaded, grooved, shouldered—
from flat stock, tubing, rod, or wire—of any
metal. Sizes to 14" dia. and 112" length.

GET COST COMPARISON ON YOUR PARTS
—1If you use small metal parts in quantities
of about 100,000, don’t overlook the almost
certain savings of this high-speed, precision
process. Send sketch, blueprint or sample
part and our engineers will furnish facts
about Multi-Swage economy. Or, write for
Catalog. The Bead Chain Manufacturing Co.,
60 Mountain Grove St., Bridgeport, Conn.

{0 el

G:‘r:) e i —— s |
== Electrical ond
Bearings, Shatts Electronic Parts
— cp
——0O Tl
Friction Fasteners
= —)
=3 | ———,
Staps Posts, Pins

MULTI-SWAGE

TRADE MARK PROCESS
QROOVLPLVOLOOUOOVOOP
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PROFESSIONAL CARDS

W. J. BROWN

Consulting Engineer
INDUSTRIAL ELECTRONICS
RADIO AND TELEVSION

26 years active development experience

512 Marshall Bldg., Cleveland, O.
Telephone: TOwer 1-6498

WILLIAM L. FOSS, INC,

927 isth St., N.W. REpublic 3883
WASHINGTON, D.C.

EDWARD J. CONTENT

Acoustical Consultant

Functional Studio-Theater Design
FM — Television — AM
Audio Systems Engineering
Roxbury Road Stamlord 3.7459
Stamlord, Conn,

PAUL GODLEY CO.

Consulting Radio Engineers
P.O. Box }, Upper Montclair, N.J.
Offs. & Lab.: Great Notch, N.J.
Phone: Montclair 3 3000
Established 1926

CROSBY LABORATORIES
Murray G. Croshy & Staff
FM, Communications, TV
Industrial Electronics
High-Frequency Heating
Offices, Laboratory” & Model Shop at
126 OIld Country Rd. Mineola, N.Y.
Garden City 7.0284

HERMAN LEWIS GORDON

Registered Patent Attorney
Patent Investigations and Opinions
100 Normandy Drive

Silver Spring, Md.
Shepherd 2433

Warner Building
Washington 4, D.C.
National 2497

ELK ELECTRONIC LABORATORIES

Jack Rosenbaum

Specializing in the design and
development of
Test Equipment for the communications,
radar and allied fields,

12 Elk Street

Telephone:
New York 7, N.Y

WOth 2-4963

PAUL ROSENBERG ASSOCIATES

Consulting Physicists
Main office: Woolworth Building,
New York 7, N.Y.

Cable Address Telephone
PHYSICIST WOrth 2-1939

Laboratory: 21 Park Place, New York 7, N.Y.

ACCURATE OBSERVATION OF WAVEFORMS
FROM 10 CYCLES TO 50 MC PER SECOND

30 MC WIDEBAND
VIDEO OSCILLOSCOPE
FTL-32A

® Vertical amplifier bandwidth of
10 cps to 50 mc.

® High deflection sensitivity over
the entire bandwith.

® Low-capacity probe maintaining
high sensitivity.

® Sweep time as fast as one micro-
second.

FTL-32A brochure.

H ! Write for complete

= federal Telecommunicalion Laboratorses, lnc

An L.T.&T. Associate
500 Washington Avenue
Nutley 10, N.J.

J
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Samuel Gubin, Electronics
G. F. Knowles, Mech. Eng.

SPECTRUM ENGINEERS, Inc,
Electronic & Mechanical Designers

540 North 63rd Street

Philadelphia 31, Pa.
GRanite 2-2333; 2-3135

TECHNICAL
MATERIEL CORPORATION

COMMUNICATIONS CONSULTANTS
RADIOTELETYPE - FREQUENCY SHIFT
INK SLIP RECORDING - TELETYPE NETWORKS

453 West 47th Street, New York 19, N.Y.

INDEX AND DISPLAY
ADVERTISERS

Section Meetings 34A
Student Branch Meetings 34A
Membership A e R 36A
Positions Open ... .. 50A
Positions Wanted .. .. .. 52A
News—New Products . .. ... 18A

DISPLAY ADVERTISERS
Acme Electric Corp. 58A

Airborne Instruments Labora-

tory, Ine. 58A
Aireraft Radio Corp. .. ... 36A
Airtron, Inc. g 65A
Allen-Bradley Co. N 24A
American Lava Corp. : I7A
Ampex Electric Corp. 3 29A
Andrew Corp. 44A
Arnold Engineering Co. .. 20A
Astatic Corp. 37A
Audio Development Co. 43A
Barker & Williamson, Inc. 45A
Bead Chain Mfg. Co. . 69A
Bell Telephone Labs. : 4A
Berkeley Scientific Co. 68A
Boonton Radio Corp. b4A
. J. Brown e T0A
Browning Labs., Inc. ... .. 46A
Bud Radio, Inec. : 52A

Cambridge Thermionic Corp. 57A
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Cannon Electric Development

Co. 59A
Capitol Radio Engineering Inst. 68A
Centralab 1A, 12A, 13A, 14A
Cleveland Container Co. 34A
Sigmund Cohn Corp. 54A
Communication Products Co. 56A
Communications Equipment

Co. 40A & 41A
E. J. Content T0A
Continental Carbon, Inc. 52A
Cornell-Dubilier Electric Cozp. Cov. Il
R. W. Cramer Co. S5TA
Crosby Laboratories T70A
Daven Co. 48A

Allen B. DuMont Laboratories,
facing 16A, 25A

Inc.

Eitel-McCullough, Inc.

Electrical Reactance Corp.

Electro-Motive Mifg. Co.,

Elk Electronic Labs.

Federal Telecommunication
Labs.

W. L. Foss

Furst Electronics

General Electric Co.

General Radio Co.

Paul Godley

H. L. Gordon

Graphimatics

Samuel Gubin ......

Helipot Corp.

Hewlett-Packard Co.

International Nickel Co., Inc.

Inc.

28A

5A
23A
T0A

70A
70A
63A
21A
Cov. IV
70A
70A
68A
70A
47A
3A

33A

International Resistance Co. 8A & 9A

Jacobs Instrument Co.

E. F. Johnson Co.

Karp Metal Products Co., Inc

James Knights Co.

Lavoie Labs.

PROCEI ¢ THE 1R

R

P. R. Mallory & Co., Inc 16A Stackpole Carbon Co. bA
McGraw-Hill Book Co. 61A Stoddart Aircraft Radio Co.
Measurements Corp. 38A 60A, 67A
Melpar, Inc. E0A  Super Electric Products Corp. . 65A
Wicrociretits Ca: E3A Sylvania Electric Products 26A
New York Transformer Co. 40A

Technical Materiel Corp. 70A
JoM.Ney Co. ... ...t 60A

Technology Instrument Corp. .. 67A
Ohmite Mfg. Co. 27A  Tektronix, Inc. 61A

Tel-Instrument Co., Inc. 53A
Panoramic Radio Products, Inc. 62A ST 71A
Radio Corp. of America  0A, 32A Triad Transformer Mf-. Co. 54A
Revere Copper & Brass Inc. 22A Truscon Steel Co. ISA
Paul Rosenberg 70A

United Transformer Co. Cov. Il
Shallcross Mfg. Co. 39A
Simpson Electric Co. 30A  Webster Electric Co. 42A
Sorensen & Co., Inc. S51A Weller Mfg. Co. 67A
Spencer Kennedy Laboratories 64A Western Electric Co. 31A
Sperry Gyroscope 50A S.S. White Dental Mfg. Co. 55A, 61A
Sprague Electric Co. 2A Wilcox Electric Co. 35A

A A5SBRF CABLES
=,

@ AX ARTlCULATED

1 ow

| {MPED. | ATTEN. |LOADING|

HIGH POWER

We are specially organized |G o0

ATTEN | OHMS MbIOO‘aQo jy;r 1]
TYPLS | o 100 M .

Al | 764 1.7 [0 ]___:36
A2 | 74 1.3  0.24 044
A34 73 0.6 1.5 0B85

to handle direct enquiries

from overseas and can give

IMMEDIATE DELIVERIES USA.

»
Cable your rush order for
delvery by arr. Setflement in

PHOTOCELL
CABLE

Low
CAPAC
TV'IS

ct 73

saﬂ

TRANSRAD

LTD

51A dollars by check onyour own bank

lransaction as simple as any Jocal

S9A, 854 purchase-and delvery yust as gurck | Ehmemanck
CABLES
Ml TRANSRADIO
62A CONTRACTORS TO H.M. COVERNMENT.
19A CABLES:
October, 1949

CAPAC .| IMPED. | ATTEN
mm/ Y OHMS #1006

150 | 5 0.36 |
,.4-12_+ —J0-36]
173 (3.2 |0.36]
171 | 2.150.44
{184 | 2.8 |0.44
o7 1.8 lo.64]
2201 2.4 0.64

oo’
IﬂﬂM’l

252 2.1
138A CROMWELL ROAD
LONDON, SW.T-ENGLAND.

LOND ON

1.03
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ROLLING UP THEIR SLEEVES

That is just exactly what 180 manufacturers of technical-radio and electronic prod-
ucts and services have been doing by advertising in the PROCEEDINGS of the I.R.E.
They have “rolled up their sleeves” and come to market with factnal copy which
renders a real service 10 engineer-readers. Their messages have given specifications
and working data. They have worked hard 1o put into their advertising exactly the
information that engineers need. Logically, such advertising gets good results and
many of these firms have been our customers, year after year. Proudly we present
this list of advertisers—all “industry leaders.”

Acme Electric Corp.

Aerovox Corp,

Airborne Instruments Lab., Inc.
Aircraft Radio Corp.

Alfax Paper & Engineering Co.
Allen-Bradley Co.

American Lava Corp.
American Phenolic Corp.
Amperex Electronic Corp.
Amperite Co.

Anchor Plastics Co., Inc.
Andrew Corp,

Armold Engineering Co.

Arrow Electronics, Inc

The Astatic Corp.

Audio Development Co.

Barker & Williamson
Bead Chain Mfg. Co.
Bell_Telephone Labs.
Bendix Aviation Corp.
(Radio & Scintilla Div.)
Berkeley Scientific Co.
Blaw Knox Co
Blitey Electric Co.
Boonton Radio Corp.
British Industries Corp.
W. J. Brown
Browning Labs., Inc.
Brush Development Co.
8ud Radio, Inc,
8undy Tubing Co.
Burlington Instrument Co,
Burnell & Co.

Cambridge Thermionic Corp.
Cannon Electric Development Co.
Canoga Corp.

Capito! Radio Eng. Inst.

Central Scientific Co.

Centralab—Div, Globe Union, Inc.

Chicago Transformer Div.

C. P. Clare & Co

Clarostat Mfg. Co., Inc

The Cleveland Container Co,
Sigmund Cohn Corp,
Communication Products Co
Communications Equipment Co.
Edward J. Content

Continental Carbon, Inc
Cornell-Dubilier Electric Corp.
Cornish Wire Co., Inc.

R. W. Cramer Co.

Crosby Labs.

The Daven Co

Dial Light Co. of America, Inc,
Distillation Products, Inc.

Allen B. Dumont Labs., Inc.

Stanley D. Eilenberger
Eitel-McCullough, Inc

Electrical Reactance Corp.
Electro-Motive Mfg. Co., Inc.
Electro-Tech Equipment Co., Inc.
Electro-Yoice, Inc.

Elk Electronic Labs,

Erie Resistor Corp.

Federal Telecommunication Lab.

Ferranti Electric, Inc.

Ford Engineering Co.

William L. Foss, Inc.

Freed Radio Corp.

Freed Transformer Co., Inc

French-Yan Bieems, Inc.

Furst Electronics

General Aniline & Film Corp,

General Electric Co., Arpavalux Dept.

General Electric Co., Electronic Dept.

General Radio Co.

Glaser Lead Co., Inc.

Paul Godley Co.

Goodyear Aircraft Corp.

Herman Lewis Gordon

Spectrum Engincers, Inc. Samuel
Gubin

Haydu Brothers

Hazeltine Electronics Corp

The Helipot Corp.

Hewlett-Packard Co.

lliffe & Sons, Ltd.

Industrial Televisian, Inc.
International Nickel Co., Inc.
International Resistance Co.

J. F. D. Mfg, Ce., Inc

Jacobs Instrument Co
E. F. Johnson Co.

Kahle Engincering Co

Karp Metal Prods. Co., Inc.
Kay Efectric Co

Kenyon Transformer Co.
Kester Solder Co.

Kings Electronics Lo,

James Knighis Co.

Kollsman Inst.—Square D Co.

Lambda Elcctronics Corp.
James B. Lansing Sound, Inc.
Lavoie Labs,

Lenz Electric Mfg. Co.

Machlett Labs.. Inc

P. R. Mallory & Co., Inc.
Marion Elec. Inst. Co.
McGraw-Hill Book Co.
Measurements Corp.
Melpar, Inc

Eugene Mittelmann
Mueller Electric Co
Murray Hill Books, Inc.
Mycalex Corp. of America
Dwight A, Myer

National Carbon Co.
National Union Radio Corp.
Newark Electric Co., Inc.
New York Transformer Co

J. M. Ney Co.

A. C. Nielsen Co.

North American Philips Co., Inc.

Ohmite Mfg. Co.

Panoramic Radio Corp.
Par-Metal Products Corp.

Philco Corp.

Polytechnic Research & Dev. Co.
Premax Products

Presto Recording Corp.

Radio Corp. of America
Rawson Electrical Inst. Co
Raytheon Mfg. Co

Reeves Hoffman Corp,
Reeves Instrument Corp
Reliance Merchandizing Co.
Revere Copper & Brass, Inc.

The *‘PROCEEDINGS of the I.R.E.”—Published by

Vibrashock, Div. of Robinson Avia-
tion
Paul Rosenberg Assoc.

Sanborn Co.

Arthur J, Sanial

Richard B. Schulz

Secon Metals Corp.
Shallcross Mfg. Co

Sherton Flectronics Co.
Shure Brothers

Stmpson Electric Co.

Smith Paper, Inc.

Somerset Labs., Inc.
Sorensen & Co., Inc.

Spencer Kennedy Labs.
Sperry Gyroscope, The Sperry Corp.
Sprague Electric Co.
Stackpole Carbon Co.

Super Electric Prods. Corp.
Superior Tube Co.

Sylvania Electric Prods., Inc.

“TAB"
Tech tabs., Inc. .
Technical Advertising Assac.
Technical Material Corp.
Technology Instrument Corp.
Tektronin, Inc,
Tel-Instrument Co.
Telemark, Inc.

Television Equipment Corp.
Transractio Ltd.

Teiplett Elec. Inst. Co.
Truscon Steel Co.

United Transtormer Corp.
Varian Assoc.

Webster Electric Co.

Weller Mfg. Co.

Welwyn Electronic Components
Western Electric Co.
Westinghouse Electric Corp.
Weston Electrical Inst, Corp,

S. S. White Dental Mfg. Co.
Wilcox Electric Co., Inc

John Wiley & Sons, Inc.

Zenith Radio Corp.

THE INSTITUTE OF RADIO ENGINEERS

William C. Copp, Advertising Mgr.
303 West 42nd St., N.Y.C. 18, N.Y.
Clrcle 6-6357
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characteristics is the

Typical of the C-D line of capacitors
with built-in quality

TYPE UP

SPECIAL TV ELECTROLYTIC

The only etched foil
electrolytic approved
by one of the country’s
largest manufacturers
of television receivers
after a full year’s en-
tirely satisfactory ex-
perience. Available in

round aluminum containers in sizes to
meet your specifications.

C%?Z%ﬁféy?%%/Z%%/

Cornell-Dubilier Electric Corporation,
South Plainfield, New Jersey, Dept.
K89. Other plants in New Bedford,
Brookline ond Worcester, Moss.;
Providence, R. ., Indionapolis, Ind.,

and Cleveland, Ohio.

They only
look the
same! .

g
Performance g0 g
makes the

difference

AR e
e e

/' By
(4
e

CORNELL-DUBILIER
CAPACITORS

Long life, free from the troubles that beset

run-of-the-mill capacitors, is engineered into
every C-D unit. When you specify C-D’s

you align yourself with the overwhelming
majority of engineers who agree that

none can match C-D. Your inquiry will receive
prompt and intelligent attention.

JAN Catalog No. 400 on paper capacitors
also available. Only requests on company

letterheads can be filled.

CORNELL-DUBILIER

CONSISTENTLY DEPENDABLE

% CAPACITORS
% VIBRATORS
% ANTENNAS
% CONVERTERS




FREQUENCY CONTROL
AND CALIBRATION

The moin diol is direci-reading on two opproximolely logarithmic
scoles for 50 cycles to 40 kilocycles and 10 kilocycles to 5 mego-
cycles. The incrementol frequency control {obove) is colibrated
between — 100 ond 4100 cydes ond —10 ond +10 kilo-
cycles for the two respective ronges.
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GENERAL RADIO COMPANY

Cambridge 39, Massachusetts <

WIDE RANGE
SEAT-FREQUENCY
OSCILLATOR
T T4 . B
GENERAL RADIO CBD.
aIeE WA0e.8.8 0

50 CYCLES TO 5 MEGACYCLES

HIS wide-range beat-frequency oscillator has a number of novel circuit

arrangements which make it very valuable for use not only as a general-
purpose laboratory oscillator, but also for testing all sorts of wide-band
circuits and systems

1 The exceptionally wide range is obtained with a single control knob and a two-
position range selector switch

2 The output voltage, by means of an a-v-c circuit, is held constant within 415
decibels over the entire range

3 Frequency drift is held to a very small value through carefully designed thermal
distribution and ventilation systems

4 Any small drift remaining may be eliminated by resetting the oscillator to zero
beat

5 A degenerative amplifier minimizes hum and distortion and also equalizes the
frequency response

6 The output voltage is measured by a v-t voltmeter across the output terminals

7 Calibration may be standardized at any time to within 5 cycles and 500 cycles on
the low and the high ranges, respectively :

For taking selectivity curves on tuned circuits over a wide range of fre-
quencies this oscillator is especially useful in that these measurements may
be made very rapidly and accurately with this instrument.

TYPE 700— A WIDE-RANGE BEAT-FREQUENCY OSCILLATOR . . . . $700.00

WRITE FOR
COMPLETE DATA

90 West St., New York 6 920 S, Michigan Ave., Chicago 5 1000 N. Seward St., Los Angeles 38 ] ‘ /




