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ENGINEERING DEVELOPMENT 
Since its inception, the designs of the UTC Engineering 

Department have set the standard for the transformer field. 

Hum Balanced Coll Structure: Used by UTC in 

practically all high fidelity designs.  . Hum 
balanced transformers ore now accepted as 

standard  practice  in the transformer field. 

Linear  Standard 

Audio Units: Flat 
from 20 to 20,000 
cycles . .. A goal 
for others to shoot 
at. 

Ultra-Compact Audio Units: A complete series of 
light weight audio and power components 

for aircraft and portable applications. Ultra. 
Compact Audio units are hum balanced . . 
weigh approximately six ounces . . . high 
fidelity response. 

Tri-Ailoy Shielding: The combination of Linear 

Standard frequency response and internal tri-
alloy magnetic shielding is a difficult one to 

approach. Used by G.E., RCA, Western Electric, 
Westinghouse, Raytheon, Collins, Gates, etc. 

Ouncer Audio Units: Extremely compact audio 
units for portable application were a prob-
lem until the development of the UTC Ouncer 
series. Fifteen types for practically all applica-
tions . . . range 40 to 15,000 cycles. 

Universal Equalizers: The UTC Universal Equal-
izers, Attenualors, and Sound Effects Filters fill 

a specific need of the broadcast and record-
ing field. Almost any type of audio equipment 
can be equalized to high fidelity standards. 

Plug-In Audio Units: These units are a modifi-

cation of our Ouncer series, incorporating a 
simple octal base structure. Fifteen standard 
items cover all applications. 

Sub-Ouncer Units: A series of oh ounce minia-
ture units with non-corrosive—long life con-

struction for hearing aid, miniature radio, and 
similar applications. Five types cover practi-
cally all miniature requirements. 

Hermetic Seal Pioneering: Realizing the essen-

tiality of hermetic sealing for many applica-
tions, UTC pioneered a large number of the 
terminals and structures for hermetic trans-

formers ... now available for commercial use. 

Toroidal Wound High 0 Coils: UTC type HQA 

and HOB Coils afford a maximum in 0 . . . 
stability . . . and dependability with a mini-
mum of hum pickup. Standardized types avail-
able for all audio requirements. 

Variable inductors: The type VIC high 0 vari-

able inductor revolutionizes the approach to 
tuned audio circuits. Variation of  i-90% to 

—50% of mean inductance permits tuning any 
type of filter or equalizer to precise frequency 
characteristic. 

Standardized Filters: UTC type HPI, I P1, and 
BPI (low pass, high pass, and band pass) 
Filters are standardized to effect minimum 

cost and good delivery time. Available for 
frequencies throughout the entire audio range. 

Sub-Audio and Supersonic Transformers: Embody 

new design and constructional principles, for 

special frequency ranges. 1/2 to 60 cycles for 
geophysical, brain ... ave applications . . . 8 
to 50.000 cycles for laboratory service, 200 to 
200.000 cycles for supersonic applications. 

Commercial Grade: (Now catalogued) This group 
of transformers covers every audio and power re-
quirement of commercial communication equip. 

ment. The conservative design and rugged 
construction of these units, assure professional 
appearance and permanent dependability. 

New Items: The UTC Research Laboratory is developing new items and im-
proving standard designs in 1947. While some of these developments will 

be described in our advertisements, many ore applied to customers' problems. 
Write for new catalogue 

i„„ete 
ISO VA iCk STO UT  Sla w VOSS 13, N. V. 

33.10111 DIVISION: 13 IASI 40th STREIT. NSW VOSS IL IL V.,  O MR& •41111,411r 



Give Your New Portable Receivers 

Design them with "EVEREADY" BATTERIES 
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PERSONAL PORTABLES 

671/2 -volt "B" battery: The "Eveready" 
No. 467 "B" battery is made on the same 
flat-cell principle as the No. 482, above, pro-
viding an unequaled reservoir of energy for 
this type of portable radio. 

11/2-volt "A" battery: For long life in an "A" 
battery, use one or more "Eveready" No. 950 
batteries ( ASA Size D). 

No. 950 

For detailed specifications... 

g Bulletins No. 

.EVEREADY 
MINI-MAX 

TN registered trade-marts "Zwirsad e and "Mini-Mu" 
- distinguish products of National Carbon Company, Ins. 
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No. 746 

FOR 

PICK-UP 

PORTABLES 

71/2 -9-volt "A"; 90-von "B": The new "Eveready" 
"Mini- Max" "A-B" pack, No. 754, contains more energy 
—gives longer life to portable radios—than any other 
"A-B" pack of equal size. This is the result of the 
famous flat-cell principle used exclusively in "Eveready" 
"B" batteries, which packs more power into less space. 
Using this "A-B" pack, you can simplify construction 
and can design more powerful receivers in the same 
amount of space. Also available: "A-B" pack No. 753, 
same voltage but smaller size and capacity, for lighter 
portables. 

15-von "B" battery: This "Eveready" "Mini- Max" "B" 
battery, the No. 482, is smaller and lighter, yet more 
powerful than the bulkier round-cell type. 

11/2 -volt "A " battery: Radio engineers have found the 
No. 746 "Eveready" "A" battery gives long, reliable 
service in pick-up portable receivers. 

Other types of batteries are available 
for 11/2 -volt or 6-volt sets. 

.••• 
get No. 

FOR 

POCKET RADIOS 

221/2 -volt "B" battery: No. 412 is no 
larger than a matchbox. No other bat-
tery equals it for packing such power 
in so small a space. 

30-volt "B" battery: For pocket ra-
dios requiring higher voltage, use the 
No. 413. Similar in size to the above 
battery, but 1/2  inch longer. 

For companion "A" battery, use the 
No. 1016—fits the same space as two 
No. 915 (ASA Size AA) standard 
Penlight cells. 

NATIONAL CARBON COMPANY, INC. 

30 East 42nd Street, New York 17, N. Y. 

Unit of Union Carbide and Carbon Corporatism 
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Early in the history of radio telephony, it became evi-

dent that further growth and expansion depended on 

accurate means of controlling frequency. The first step 

toward solving this problem was taken in 1915, when a 

Laboratories engineer developed the first master oscil-

lator circuit for radio transmission. In 1917 came the 

first crystal controlled oscillator using Rochelle salt 

crystal, and in 1921 the application of quartz crystals. 

1917 A Rochelle salt crystal used by 
a Laboratories researcher to 

control an oscillator circuit was the grand.. 
daddy of all frequency control crystals. 

1933 Low - temperature . coefficient 
crystal cuts, utilizing for the first 

time specially selected shape, dimensions, 
and orientation characteristics, increased 
frequency stability, made temperature 
controls needless for certain applications. 

this team brings 

From that day on, the Bell Laboratories-Western 

Electric team has pioneered in piezoelectric crystals. 

New cuts, new circuit applications, new methods of 

growing synthetic crystals.  all have been developed 

by the Laboratories, and all mass-produced by Western 

Electric. 

Today it is only natural to look first to this team for 

the finest quartz and synthetic crystals for every service. 

1924 Quartz crystal applied to fre-
quency control of station WEAF 

by Bell Laboratories-Western Electric team 
greatly improved the quality of distant 
broadcast reception and laid foundation 
for more economical use of radio spectrum. 

192A  "Traffic Cop" crystal filter de-
signed by Bell Laboratories to 

act as separation unit for carrier systems. 
Led to today's 480 channel coaxial systems 
and single sideband radio transmitters. 

1997 Oscillating 100,000 times a sec . 
i•• and, a crystal served as the 

heartbeat of a clock far more accurate 
than any other timing device ever before 
made by man. 

1939 OT crystal serves as  a   "fre-
quency model." Used for Loran, 

extremely accurate time signals (stable to 
1 port in 10), and other applications re-
quiring utmost frequency stability. 

2A PROCEEDINGS OF THE I.R.E.  October, 1947 



you more accurate frequency control 

.1949  Wire mounted crystal unit de• 
signed to withstand shocks and 

rough usage went into bottle in tanks and 
with artillery. Western Electric produced 
over 10,000,000 of these. 

TODAY FROM 1.2 KC to 50 

MC. —that's the extraordinary 

range covered by Western Elec-

tric's new line of crystal units for 

oscillator control. All are engi-

neered to assure maximum fre-

quency for a given design, with 

increased accuracy and stability. 

1943 Synthetic ADP crystals, first 
mass-produced by this team, 

were also first applied by the team to un-
derwater sound in Sonar. Change acoustic 
energy into electric and vice versa. 

24 'tot 

1947 EDT crystals — the first low-co-
efficient synthetics — are being 

grown on Western Electric's crystal farms 
to replace hard-to-get natural quartz. 

QUALITY COUNTS 

BELL TELEPHONE LABORATORIES 
World's largest organiziition devoted exclusively to resietirch 
and derelopment in all phases of elearieal rommuninaions. 

Westerll Electric 
Alantsfiscturing unit of the Bell System (((( thv notion's largest 

producer of communications equipment. 
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XOA 

• The XOA Socket for Miniature Button 7-pin bases 

is made of low-loss mica-filled bakelite. It mounts 

with two 4-40 screws. Terminals for the Type XOA 

extend axially from the socket. Type XOR is identical 

to Type X0A, but has terminals extending radially. 

Short  heavy terminals reduce contact inductance. 

Lower effective capacity between terminals reduces 

circuit capacity. 

XOA Type Socket  Net Pric  $ .50 

XOR Type Socket  Net Price  $ .50 

f  --vow 

\:\s 
XOR 

• The XOS tube shield is a 

two-piece shield for Miniature 

Button  7-pin  base tubes.  It 

mounts with the XOA or XOR 

socket  and  is available  in 

three sizes, X0S-1  (1-3/16" 

high), X0S-2 (11/2 " high), and 

X0S-3 (2" high). 

XOS-1 Shield 

Net Price  S .48 

X0S-2 Shield 

Net Price  S .48 

X0S-3 Shield 

Net Price   48 

Special price quotations may be obtained for bulk orders. 

Please write for further information. 

1 

First-rate PARTS 
mean first-rate 

EQUIPMENT 

If you're planning to build the type of 

precision-built equipment that will sell in 
today's competitive market, it will pay you 
to order National parts. 

Through long practical experience manu-

facturers, engineers and laboratory re-
search workers have all found that 
National parts can be relied upon for 
dependability and long life. 

If you need good material and exacting 
workmanship in your parts, see your 
nearest National dealer today. 

ficati.onal 
Companq, Inc. 

Dept no. 12 

Malden, mass. 

XR-50 

• XR-50 coil forms may be 

wound as desired to provide 

a permeability tuned coil. 

The form winding length is 

11/16" and the form wind-

ing diameter  is 1/2 ". The 

iron slug is 1/2 " diameter 

by 1/2" long. 

AR-5 AR-2 

• The AR•2 and AR-5 coils ore 

high 0 permeability tuned RF 

coils. The AR•2 coil tunes from 

75 mc to 220 mc and the AR-5 

coil tunes from 37 mc to 110 

mc with suitable capacitors. 

M A K E R S O F  LI F E TI M E  RA DI O EQ UI P M E N T 
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SPRAGUE 
k 

T SI Rii l; S Pet Off , 

WIRE W OUND 

RESISTORS 
5 TO  120  WATTS 

4 10-W ATT UNIT 
(Actual Size) 

Resistance range: 
ohm to 70,000 ohmt 

Clip Yourself these 

RESISTOR DIVIDENDS! 
SAFE FOR USE AT FULL WATTAGE RATINGS —FOR 
ALL RESISTANCE VALUES —Koolohm ceramic wire 
insulation is ideal for rapid heat dissipation. 

QUICKER, MORE ECONOMICAL MOUNTING — 
Koolohms are doubly protected —first by the heat-
proof, moisture-resistant ceramic wire insulation; 
second, by an outer ceramic shell. Mount them in 
any position —anywhere —in enclosed places —even 
directly on grounded parts. 

NO SHORTED TURNS —NO CHANGED RESISTANCE 
VALUES -5% accuracy or better is guaranteed. 
Koolohm windings touch, but do not short. The flex-
ible ceramic wire insulation has a dielectric strength 
of 350 volts per mil at 400° C. 

SMALLER PHYSICAL SIZES —Space winding is un-
necessary. Where required, windings can be made 
in layers or interleaved for maximum rating in 

minimum space. 

ALL-WEATHER PROTECTION —One Sprague Kool-
ohm type —the standard type at standard prices—. 
gives adequate protection under any climatic con-

dition, anywhere in the world. 

HIGH-VOLTAGE INSULATION —Koolohms with. 

stand 10,000 volts breakdown to ground. 

Write for Catalog 100E. Samples gladly sub. 

mitted to your specifications. You be the judge! 

OTHER  SPR A GUE  RESIST OR  TYPES 

Koolohm Prerision 
Meter Multiplier 

Resistors 

-t 

Troolabm Voltare Divider 

Sprague Me1-0-Mat 
lilih•Resistenee High-
Voltage Resistors 

Roolohm Bobbin Type* 

SPRAGUE  ELECTRIC  CO MPANY 
RESIST O R  DI VISI O N,  N O RT H  A D A MS,  M ASS. 
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REVERE SHEET AND STRIP 

FOR DRA WN PARTS 

LIOR all products to be made by drawing, 
stamping and similar sheet metal operations, 

Revere sheet and strip of copper or brass offer 
maximum ease of fabrication. Not only are these 
metals naturally ductile, but they benefit further 
from the metallurgical skill which Revere has 
gained in 146 years of experience. 

In composition, mechanical properties, grain 
size, dimensions and finish, you will find Revere 
metals highly uniform. They enable you to set 
up economical production methods and adhere 
to them. They can help you produce better 
products at faster production rates, with less 
scrap and fewer rejects. 

Revere copper, brass and bronze lend them-
selves readily to the widest variety of finishing 
operations—polishing, lacquering, electro-plat-
ing. With these superior materials it is easy to 

6A 

make radio shields and similar products beau-
tiful as well as serviceable. 

That is why wise buyers place their orders 
with Revere for such mill products as—Copper 
and Copper Alloys: Sheet and Plate, Roll and 
Strip, Rod and Bar, Tube and Pipe, Extruded 
Shapes, Forgings—A/uminum Alloys: Tubing, 
Extruded Shapes, Forgings—Magnesium Alloys: 
Sheet and Plate, Rod and Bar, Tubing, Extruded 
Shapes, Forgings—Steel: Electric Welded Steel 
Tube. We solicit your orders for these materials. 

A PI E  P O . P, P ar COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 

230 Park Avenue, New York 17, N. Y. 

Mills: Baltimore, Md.; Chicago, Ill.; Detroit, Mich.; 
New BedJord, Mass.; Rome, N. Y. 

Sales Offices in Principal Cities, Distributors Everywhere. 
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HY69 — the original 

instant -heating tube. 

Bendix MRT-3A, 152-162 mc F-rn taxicab 

transmitter uses 2E30's generously. 

Jefferson-Trovis Model 351, 35-waft marine 

radio-telephone employs HY69's. 

WRITE FOR FREE NEW 

DATA SHEETS: 

2E25, 2E90, 8Y69, 
NY/269, 6476. 

Oil  tv1\.‘ SA 
THE ORIGINAL INSTANT-HEATING TUBE 
Because they fill a real need for conserving filament power, Hytron instant-heating 
tubes are in. Yes, the 2E25, 2E30, HY69, HY1269, and 5516 are in the new mobile 
transmitter designs of many famous friends— too many to thank in this small 

space. The 2E25 and 2E30 also appear on the Army-Navy Preferred List. Why so 
popular? With no standby current, battery drain can be cut to 4% of that with 

cathode types— attainable power output and range increase. Potentials of rugged 

filaments are centered for battery operation. Beam pentode versatility simplifies 
the spares problem—one type can power all stages. Join the leaders. If you build 

mobile equipment—for land, sea, air—put Hytron original instant-heating, easy-on-

the-battery tubes on your preferred list. 

• 

Federars 25-watt, vhF Model 

fMTR-25-VC. Notts enspbasis 

on 2E30 and 5516. 

  K A A R \   
 ENGINEERING   
 \  C O /  
I•60 1.1,0  _A, 

or FM•50X feotvres 2E25. HY69 throughout. 

Hytron instant-heating tubes since 1939. 

Harvey labora• 

tories chose 

2E30's, 5516's for 

its Model 542 f•rn 

transmitter. 

5516's power both driver-doubler and 

final of Motorola's Model FMTRIJ•30D. 

SPECI ALISTS IN  RA DI O RECEIVI N G TUBES SI NCE 1921 

MAI N O F TI C E:  S A L E M,  M A S S A C H U S E T T S 

7A 
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Join the Parade of Westinghouse K M OX 50 kw AM Transmitters 

. . . FOR EXAMPLE 

This installation of a 50-kw AM transmitter at 

Station KMOX previews your operating advan-

tages with Westinghouse standard broadcast 
transmitters. 

While already operating on 50,000 watts, 

KMOX engineers estimate the new Westinghouse 

transmitter installation increases the station's half-

millivolt line to include 25 % more radio homes, 

in a 39% larger area, while drawing 25 % less 

power. In addition to more efficient use of power 

input, KMOX enjoyed a big slash in installation 
costs because of the true cubicle construction. 

This case is supported by other Westinghouse 

UNIT CONSTRUCTION THROUGHOUT, . . even from 
the rear these transmitters are "clean", modern in de-
sign and easy to inspect through large windows. Ideal 
for quick, easy installation. Note that wiring duct is 
part of transmitter base. 

5 AND 10-K W UNIT cubicle transmitters follow the 
leadership of Westinghouse in standard broadcast field 
by utilizing the same sound design features found in 
50-kw—even to the point where they have two blowers 
outside the transmitter proper, one for standby. 

C 0 0 0 D C7 C C U 112 01:1 Li Li 
1 

1 

4 

-- I 

ilLwAff 

50-kw installations that have produced savings 
in both installation and operating costs. 

Continuous improvements have been incor-
porated in this truly modern transmitter . . . 
individual voltage regulator for all filament and 

low-voltage supplies, and a separate regulator 

for the main rectifier. These regulators, all 
modulation and power transformers and reactors 

are of the air-cooled, dry type. 

Call your local Westinghouse office, or write 

Westinghouse Electric Corporation, P. 0. Box 

868, Pittsburgh 30, Pa., for full details on 5, 10 
or 50-kw units.  J-02104 

SPARE TUBES IN PLACE . of course, the high-
powered spare tubes are ready for instant connection 
right in the cubicle. But more than that, they have their 
own spare transformers . . . no hot filament leads to 
handle or knife switches to throw! 

SERVICE . • • every cubicle is a completely-shielded unit. 
Access doors are interlocked electrically for safety. 
Full-opening doors, adequate clearances, facilitate in-
spection and maintenance. In addition, 17 Westinghouse 
Parts Warehouses and 35 Maintenance and Repair 
Plants and factory-trained sales engineers are ready to 
serve you at your call. 



New Westinghouse 50-kw unit cubicle transmitter installation 

. smart, attractive design is still another feature of this power-

ful unit. Note how cubicles are arranged to fit station plans. 

PLANTS IN 25 CITIES estmghouse OFFICES EVERY WHERE a r Rfe d 

• 

an. 0 kw AM Trans mitter 

1, 3, 10 and 50 kw FM Trans mitters 



Another Reason 
why more 
Mallory-Made 
Vibrators are in 
use today than 
all other 

makes combined 
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SOUND ABSORBING 
SPONGE RUBBER 
LINER 

FRAME 

REED WEIGHT 

SPRING STOP 

TERMINAL 
PLATES 

RUBBER TUBING 
LEAD INSULATION 

PRONG BASE-ON 
SEALED TYPE HAS RUBBER 
VULCANIZED TO EACH  
SIDE OF BAKELITE DISC 

ACTUATING 
COIL 

REED 

— CONTACTS 

SIDE SPRINGS 

REED ARMS 

SPRING WASHER PLATE 

STACK INSULATORS 

SHOCK ABSORBING 
SPONGE RUBBER 
MOUNTING 

PINS 

Take a good look at that cross 
section of a Mallory vibrator pictured above 
or, even better, examine the mechanism of 
any Mallory vibrator. You'll like what you 
find there—the precise construction, the 
quality workmanship. 

But what you can't see is perhaps even more 
important to you. The experience, for in-
stance, that Mallory has gained in producing 
more than 15,000,000 vibrators—the engi-
neering research that has resulted in more 
than fifty Mallory vibrator patents issued or 
pending—the more than 100 inspection 
checks that every Mallory vibrator must pass. 

These are some of the intangibles that have 
made Mallory "headquarters" for vibrator' 
power supplies. They explain why more 
Mallory-made vibrators are in use today 
than all other makes combined. 

If you're designing or producing vibrator-
powered equipment, let our engineering 
department be of assistance. Ask the nearest 
Mallory field representative to call on you— 
or write direct for the important question-
naire also illustrated above. Remember, too, 
that standard Mallory replacement vibrators 
are available from your Mallory Distributor. 

MA L L O RY  VIBRATORS 

P.R.MALLORY& CQ.Inc. 

AND VIBRATOR PO WER SUPPLIES 

P. R. MALL ORY & CO ., Inc., INDI A NAP OLIS 6, INDI ANA 
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NOW! 10cps to 10mc 

...with the New -hp- 650A 
RESISTANCE-TUNED OSCILLATOR 

• 

SPECIFICATIONS 
FREQUENCY RANGE: 10 cps to 10 mc 
FREQUENCY CALIBRATION: 0.1 to 10. 

Multiplying factors are: 
MF  Freq. Range 

X10 cps  9 to 100 cps 
X100 cps  90 to 1000 cps 
Xlkc  900 to 10,000 cps 
Xl0kc  9 to 100 kc 
X100kc  90 to 1000 kc 
Xlmc  0.9 to 10 mc 

STABILITY: +27., 10 cps to 100 kc; -±3%, 
100 kc to 10 mc including warmup, line 
voltage, and tube changes. 

OUTPUT: 10 milliwaffs or 3 volts into 600 
ohm resistive load. Open circuit volt-
age is at least 6 volts. 600 ohm re-
flected impedance. Output impedance 
of 6 ohms also available. 

FREQUENCY RESPONSE: Flat within +1 
db, 10 cps to 10 mc. 

DISTORTION: Less than 17. from 100 cps 
to 100 kc. Approx. 5% from 100 kc to 
10 mc. 

OUTPUT MONITOR: Vacuum tube volt-
meter monitors output level in volts or 
db at 600 ohm level. Output response 
beyond monitor is accurate within +57. 
all levels and frequencies. 

OUTPUT ATTENUATOR: Output level at-
tenuated 50 db in 10 db steps, provid-
ing continuously variable output voltage 
from +10 dbm to —50 dbm, 3 volts 
to 3 millivolts, or down to 30 microvolts 
with voltage divider. 

HUM VOLTAGE: Less than 0.5% below 
maximum attenuated signal level. 

POWER SUPPLY; 115 volts 50/60 cps. Con-
sumption 135 watts. Plate supply elec-
tronically regulated. 

MOUNTING: Cabinet or relay rack. Panel 
size 19" x I01/2". Depth 13". 

Engineers! 
Attent ion FM   

Full information on  the new 
FM TEST EQUIPMENT 

Available on Request. 
Write Today! 

I. 

HERE IT IS ... another -hp- "first" .. . a new 
resistance-tuned oscillator that not only covers a 
frequency range of 10 cps to 10 mc, but brings to 

the r-f and video field all the speed, accuracy and 
ease of measurement traditional to famous -bp-

audio oscillators. And, this important addition to 
the -hp- line incorporates all the family character-
istics of other -hp- oscillators. . . no zero setting, 

minimum adjustment during operation, virtual in-

dependence of line and tube characteristics, accurate calibration, and stream-

lined circu:ts for long, trouble-free performance. 
The result is a highly stable, wide-band precision instnunent which provides 

output flat within 1 db from 10 cps to 10 mc, and a voltage range of .00003 to 
3 volts. Output impedance is 600 ohms or 6 ohms with output voltage divider. 

LIKE OTHER -hp- resistance-tuned oscillators, the new 650A gives you the 
advantage of decade frequency ranges, a 94" scale length, and a 6 to 1 micro-
controlled vernier drive. A complete vacuum tube voltmeter, included in the 
650A circuit, monitors output in volts or db at the 600 ohm level. A continu-

ously variable output voltage is obtained by means of an output attenuator of 
50 db, variable in 10 db steps and an amplitude control which adjusts the level 

to the monitor vacuum tube voltmeter. 
Where it is desirable that the measurements be made with a low source im-

pedance, an output voltage divider unit is supplied. This attachment consists 
of a cable, which may be extended to the point of measurement and provides 
an internal impedance of 6 ohms. It also reduces the output voltage 100 to 1. 

THE COMPACT, efficient -hp- 650A is available now for making a wide 
number of measurements. . . testing television amplifiers, wide-band systems, 
filter transmission characteristics, tuned circuits, receiver alignments. And ... it 
serves admirably as a power source for bridge measurements or as a signal 

generator modulator. 1495 

For full information...write today 

Hewlett-Packard Company • 1495A Page Mill Road • Palo Alto, Calif. 

44111111 0 

-hp-

1 90 4 ° , 191 tPD r q i nstrumen t sA14  

PROCEEDINGS OF THE I.R.E.  Oaober, 1947 
11A 



NO OTHER CONSOLE 
offers all these outstanding 

features. 
Seven  built-in  pre-ampliflers — put  5 
microphones and 2 turntables, or 7 microphones, 
on the air simultaneously. 

Nine mixer positions — lead to 5 micro-
phones, two turntables, one remote line and one 
network line. 

Nine remote and two network lines — 

may be wired in permanently. 

Most dependable, trouble-free switches 
used throughout. 

Frequency Response 2 DB from 30 to 15,000 
cycles. Ideal speech-input system for either AM 
or FM. 

Distortion less than 1%, from 50 to 10,000 
cycles. 

Noise Level minus 63 DB's or better. Air-

plane-type four-way rubber shock mounting elim-

inates outside noise and operational "clicks." 

Meets all FCC Requirements for FM trans-
mission. 

Providing complete high-fidelity speech-input facil-

ities for the modern station . . . with all control, ampli-

fying and monitoring equipment in a single compact 

cabinet. . . the Raytheon RC-11 Studio Console 

handles any desired combination of studios, remote 

lines or turntables, broadcasting and auditioning 

simultaneously through two high quality main am-

plifier channels. 

Telephone-type, lever action 3-position key switches 

reduce operational errors to a minimum; while effi-

cient, functional appearance and smart two-tone 

metallic tan blend well with other studio equipment. 

Priced remarkably low-. . . write for details! 

Dual Power Supply provides standby circuit 
instantly available for emergency use. 

Instant Access to all wiring and components. 

Top hinged panel opens at a touch.  Entire 
cabinet tilts back on sturdy full-length rear hinge. 

getioleet  gleAseerte4 and eflermOretuattp 

Ai Use Xeckfireicasling ,1ncia44, 

el.reelleitee fit e ke/10, We.) 

RAYTHEON MANUFACTURING COMPANY 
COMMERCIAL PRODUCTS DIVISION 

WALTHAM 54, MASSACHUSETTS 

Industrial and Commercial Electronic Equipment, Broadcast Equipment 
Tubes and Accessories 

Sales offices: Boston, Chattanooga, Chicago, 
Dallas, Los Angeles, New York, Seattle 

12A 
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Put This Formula 

To Work For You a: 
• 
• 
111 
W M WM MI 

• 
• 

mi n uni  mi Imo •  oun• 

• 
E 

The formula 1- X  is a favorite and easily-reme  red solu-
tion to resistance problems. Radio and electrorg Engineers 
know that IRC offers the most complete line of resistance 
products in the industry ... a fixed or va  ble resistor for 
most every requirement ... with uniform  endability proved 
by years of rigorous laboratory and  d tests. Purchasing 
Agents and material control executiv  ike IRC's service ... 

-piles of the most pop-
ey can draw in emergency 

INSULATED 
COMPOSITION 
INSULATED WIRE 
WOUND RESISTORS 

IRC types 
BT & BW 

WIRE WOUND 
RESISTORS 
IRC type MW 

memim mElli MINNINICA 

VOLTMETER 
MULTIPLIERS 
IRC types 
MFA & MFB 

"on-time" deliveries . . . factory et 
ular types and ranges from whic 

1RC's distributor network,iroviding speedy, 'round-the-
corner service for small orde gequirements. 

Put this formula to work 
bulletins in which you 
mail it to us today wi 
title. International 
Philadelphia 8, P 
ance Company, 

MATCHED PAIR 
RESISTORS 

POWER RHEOSTATS 

l'RRC&IYFPV 

POWER 
RESISTORS 

r you ... check below the catalog 
interested—tear out this page, and 
your letterhead, giving your name and 
istance Company, 401 N. Broad Street, 
nsylvania. In Canada: International Resist-
d., Toronto, Licensee. 

111 • IOC WI illl11111 

111 
111 

•   
▪  FLAT POWER 
•  RESISTORS 
•  IRC type FRW 

111 
111 

cc, online( nem OOk 1111 — 0  amnions smug sit' 

• 

WATER-COOLED 
RESISTORS 
IRC type LP 

. a 

II IFF+ 

II  j'12 51' 

•  PRECISION 
•  RESISTORS 

• 

 _ 
-23211111M1111.— 

EITHOIIIIS Main 

VOLUME 
CONTROLS 
IRC type DS 

HIGH VOLTAGE 
RESISTORS 
IRC type MV 

FINGER-TIP 
CONTROLS AND 
SWITCHES 
IRC types 
H & 511 

Mil W W1: 

WIRE WOUND 
POTENTIOMETERI 
IRC type w 

INTERNATIONAL I illiANCE COMPANY 

Whe  e ci  t says JON-

I Power Resistors•Precifiont • Insulated Composition Resistersitlow Wattage Wire Wourids•Rhoostoti•Controh•Vollmenr MultIpliers.Voltog• Dividers•HE ond High Voltage Rails/ors 

L.. 

HIGH POWER 
RESISTORS 
IRC type MP 
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SYLVANIA 
RESEARCH NEWS 

(1( I .  Prepared by SI LVANIA ELECTRIC Pia mi 4 .Ts INC., Bayside., L. I. 1917 

X-RAY DIFFRACTION STUDIES OF METAL ANOTHER 
STEP TO HIGHEST QUALITY SYLVANIA RADIO TUBES 

Over the many years, Sylvania 
laboratories have pushed the fa-
mous Sylvania standard of quality 
higher and higher. 

This drive goes on constantly, 
through highly specialized testing 
and inspecting operations to assure 

be made to determine the actual 
position of electrons in an atom. 
Accurate measurements can be 
made down to fractions of a mil-
lionth of an inch! 

Sylvania Electric Products Inc. 
500 Fifth Ave., New York 18, N. E 

SYLVANIA V ELECTRIC 
MAKERS OF RADIO TUBES; CATHODE RAY TUBES, ELECTRONIC DEVICES; FLUORESCENT LAMPS. FIXTURES. WIRING DEVICES: ELECTRIC LIGHT BULBS 

14A 
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Sylvania radio tube perfection: 
For instance, by means of X-ray 
diffraction studies, the exact com-
position of compound substances 
maybe determined. Thetechnician 
shown above is adjusting the cam-
era through which recordings will 



Designs will call for more action —movement! 

Flexible product performance needs power sources 

which are compact, light weight! Alliance Powr-Pakt 
to 1-20th 

ALLI A N CE  M A N UF A CT U RI N G  C O M P A N Y 

Driving the heavier type record changers, 

radio phonograph turntables and tuning 
devices —powering fans, motion displays, 

actuating switches, levers and timing de-
vices —operating business and vending 

machines, toys—these are just a few of 

the tasks performed by Alliance's Model 

K Powr-Pakt motor. 

This basic 2-pole induction type motor 

can be mass produced to meet 

variations in design. It will adapt 

to any standard AC voltage and 
frequency, and will develop up to 

1/100th h. p. For intermittent duty or 
where forced ventilation is provided even 

greater output can be obtained. Model 

K is used in all 25-cycle and in some 
50 and 60-cycle Alliance phonomotors. 

Motors rated from less than 1-400th on up 

h.p. will fit those "point-of-action" 

places! Alliance Motors are 

mass produced at /ow cost —en-

gineered for small load jobs! 

For vital component power 

links to actuate controls... 

to make things move... 

plan to use them! 

MODEL K 

WHEN YOU DESIGN-KEEP 1 11 0111 0 C S 

•  MOTORS IN MIND 

•  ALLI A N CE,  O HI O 
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For Versatility of Application 

Conservatively rated at 65 
watts plate-dissipation, the 
4-65A is physically small 
and radiation cooled. 

• 
Instant heating  thoriated 
tungsten 6.0 volt filament 
makes the 4-65A ideally 
suited for mobile applica-
tion. 

• 
Self-supported internal ele-
ments. No troublesome in-
sulators. 

• 
Direct  electron  beaming 
without the use of deflect-
ing hardware. 

• 
Low interelectrode capaci-
tances. (Average) Grid-Plate 
.08 p.I.Lf, Input 8.0 ;apt, Out-
put 2.1 /10. 

• 
Unique design shields input 
output  circuits, simplifies 
neutralization. 

• 
Non - emitting  processed 
grid provides stability famil-
iar to all Eimac tetrodes. 

• 
Follow tho ***** s to 

16A 

Th. Pow.. ler IF 

EXPORT AGENTS. FRAZAR & HANSEN. 301 CLAY ST  SAN FRANCISC O 

Write today for additional data. 

• 
Versatile operation . . . the 
4-65A has excellent power 
characteristics over a plate 
voltage range from 400 to 
3000 volts, as indicated in 
the above chart. 

• 
Base pins fit available com-
mercial sockets. 

• 
Low inductance and short 
direct leads enable opera-
tion above 200 mc. 

• 
Processed metal plate as-
sures long tube life and can 
really "take it" during mo-
mentary overloads. 

• 
Hard glass envelope provides 
resistance to thermal shock 
and permits high tempera-
ture operation. 

• 
Proven design, the 4-65A is 
a physically smaller version 
of the 4-125A. 

• 
In the 4-65A you get truly 
more for your vacuum tube 
dollar" 

PRICE $14.50 
• 

EITEL-McCULLOUGH, Inc. 
179 San Mateo Ave., 
San Bruno, California 

11. CALIFORNIA.  U.S A. 
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technical ceramic insulators 

CUSTOM MADE FOR YOUR REQUIREMENTS 

do 4 

AlSi Mag versatility is illustrated by 

these AlSi Mag inserts for electronic tubes 

The insulation requirements of electronic tubes vary 

with the function and design of the tube. Factors of pri-

mary importance are: Resistance to extreme heat shock 

without cracking and without reduction in strength; 

resistance to formation of electrical conduction paths; 

long life and strength even in tubes operated at rela-

tively high temperatures. They must also he readily 

4 6 T H  Y E A P 

degassed and uniform in quality and dimension. 

There is an AlSiMag technical ceramic composition 

with the physical characteristics suited to almost any 

electronic tube insulator or to any product requiring 

electrical insulation. That composition can be custom 

made in the size and shape which best meets your re-

quirements. Most designs can be produced in quantities 

quickly and at low cost by die pressing. If you will send 

us your blue prints and technical data, we will be glad 

to outline the facts about AlSiMag Custom Made Tech-

nical Ceramics as they apply to your product. 

O F  C E R A M I C  L E A D E R S H I P 

AMERICAN LAVA CORPORATION 
C H A T T A N O O G A 5, TE E S SE E 

SALES OFFICES: SE. LOUIS. MO.. 1123 Washington Ave,. Tel: Garfield 4959 • CAMBRIDGE. MASS, 311•B Brittle St., Tel: Kirklend 4499 • PilitADELPHIA. 1609 N. Broad St , Tel Stevenson 4 , 2823 

NEWARK, N.1.. 671 Broad St., Tel* Mitchell 2.8159 • CHICAGO. 9 S Clinton SLEW' Central 1721 • SAN FRANCISCO. 163 2nd. St.. Tel Douglas 2414 • LOS ANGELES. 324 N. San Pedro SI., Tel: Mutual 9076 



A CRYSTAL THAT CRE W FRO M A SEED . . . The large crystal in the foreground is an E D T (Ethylene Diansine Tartrate) 

crystal.  It started fro m a seed (a piece of mother crystal) and in three months grew in a slowly cooling solution to the size 

shown.  The small plate is cut fro m a large crystal, then gold-plated for electrical connection and mounted in vacuu m. Culti-

vated E DT crystals can do the same job as quartz in separating the nearly 500 conversations carried by a coaxial circuit. 

Crystals for 

Conversations 

AT WAR'S END, the Bell System began 
to build many more Long Distance 
coaxial circuits. Hundreds of telephone 
calls can be carried by each of these 
because of electric wave filters, which 
guide each conversation along its as-
signed frequency channel. Key to these 
filters was their frequency-sensitive 
plates of quartz. 

But there was not enough suitable 
quartz available to build all the filters 
needed. Bell Telephone Laboratories 
scientists met the emergency with cul-

tivated crystals. Years of research 
enabled them to write the prescription 
at once—a crystal which is grown in a 
laboratory, and which replaces quartz 
in these channel filters. 
Now Western Electric, manufactur-

ing unit of the Bell System, is growing 
crystals by the thousands. Many more 
Long Distance telephone circuits, in 
urgent demand, can be built, because 
the scientists of Bell Telephone Labo-
ratories had studied the physics and 
chemistry of artificial crystals. 

B E L L  T E L E PII O N E  L AII O R A T OItI E S 

EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR  CONTINUED  IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 



I S LAT ioN   
...from extraneous radio interference... 
for test rooms in laboratory or factory 

lie 11111111121011111121111111111E1111 
11151111 /21101111111111111111•11  

:::::1111111111/111111111iVE11131;1121131  
0111PHIIIIM1111111111111111111111110111 
111111111  1111111N1111111111 
2 S  ie 

•rsaCrriAS 
30  so 

Curr• A —Iteevy-duly filters do mod 1.n• Ind,ca ,•. o,t•nyat.•., b•Y•nd 

reuse el evadable  ing •evipou•nt 

Curve  Medieui•riety 1114,4 

i nst alle d  where the electric power service passes 
through the screen, these Filterette,s provide high 
attenuation from 150 kc to 400 mc, thus permit-
ting operation of sensitive high-frequency test 
apparatus in close proximity to electric production 
equipment, welding generators, repulsion motors, 
and high-frequency induction heating equipment. 

SPECIFICATIONS 

Mechanical design and assembly conform to 
practical electrical installation requirements. 
Outer housings are of welded steel; knockouts 
at each end accommodate electrical con-
duits: heavy, threaded studs facilitate at-
tachment of cable lugs. 

5&2term 
These units employ non-inductive, mineral-oil 
impregnated capacitors; the inductors, of large 
cross-section, have low series resistance, hence 
voltage drop is negligible. Overload ratings are: 
150% of ampere rating for one hour; 200% of volt-
age rating for one minute. Since the filters have 
no saturable characteristics, performance is uni-
form for all loads up to maximum ratings. 

HEAVY DUTY FILTERS 

Type Amperes Volts Volt. Drop Freq. Range Weight 

No. 1179-A 
Two Wir• 

100 
500 

a-c,'d•c 

.2 volts 
per circuit 

0.15 to 400 
megacycles 

40 lbs. 

No. 1182-A 
Thr•• Wire 

100 
500 

a-c 'dc 

.2 volts 
per Circuit 

0.15 to 400 
megacycles 

65 lbs. 

MEDIU M DUTY FILTERS (Two Wire) 

No. 1137 20 
110, 220 o-c 
500 d•c 

.5 volts 
per circuit 

0. 15  to 20  
megacyCles 

17 lbs. 

No. 1116 I 50 
110/220 a-c 
500 d-c 

.5 volts 

per circuit 

0.15 to 20 

megacycles 
17 lbs. 

1011t 
T OBE DEUTSCHMANN ecorzw,i4.0n CANTON, MASSACHUSETTS 
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PERMANENT 
MAGNETS 

The increased efficiency and economy you'll realize in the use 
of Arnold Permanent Magnets are constant factors. The thou-
sandth unit is exactly like the first—because they're produced 
under controlled conditions at every step of manufacture, to 
bring you complete uniformity in every magnetic and physical 
characteristic. Count on Arnold Products to do your magnet 

job best—and they're available in any grade of material, size, 
shape, or degree of finish you require. Write us direct, or check 
with any Allegheny Ludlum field representative. 

THE A RNOLD ENGINEERING CO. 
Subsidiary of 

ALLEGHENY LUDLU M STEEL 
CORPORATION 

147 East Ontario Street, Chicago 11, Illinois 
Specialists and Leaders in the Design,Engineering and Manufacture of 

PERMANENT MAGNETS 
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For Truly Fine 
Sound Recording 

The jewelled point, with 
87° included angle, correct 
radius and fine polish, cuts a 
silent shiny groove for many 
hours. When dulled or chipped. 
these points may be resharp-
ened several times. Each re-
sharpened Audiopoint is 
disc-tested to insure perfect 
performance. For this service re-
turn points through your dealer. 

cuww3v4 
SSC 

LIST 

PRICE 

S7. 2 5 

Professional Recordists 

Recommend . . . 

traNtheie gemidinq •  • u 
• • • • 

gost rred for au, fru/6441one: t- Verarareleat to do a frtofeowtostaila 

With These Three Outstanding Features 
• INDIVIDU ALLY  DISC-TESTED O N A  REC ORDI N G  M ACHI NE. 

• EXPERTLY DESI G NE D TO INSURE PR OPER THRE AD THR O W. 

•A PR ODUCT  OF  THE  M A NUF ACTURER  OF  AUDI ODISCS — 

A MERICA'S LEADI N G PR OFESSI O NAL REC ORDI N G BLA NKS. 

Professional recording engineers know, from years of exper-
ience, that Sapphire Recording Audiopoints offer the ultimate in 
recording styli. Made by skilled craftsmen to most exacting specifica-
tions and individually tested in our laboratories, these Audiopoints 
are of consistent fine quality. 

A good recording stylus requires a perfectly matched playback 
point. The Sapphire Audiopoint for playback fills this need com-
pletely. In materials, workmanship and design, it is the finest playback 
point obtainable. (Should not be used on shellac pressings.) 

These Audiopoints are protectively packaged in handy cello-
phane covered cards—cards that are ideally suited for returning points 

to be resharpened. 

OTHER POPULAR AUDI OP OI NTS, that complete a full line of record-
ing and playback styli, are: Stellite Recording Audiopoint, a favorite with 
many professional and non-professional recordists; Diamond-Lapped Steel 
Audiopoint, a recording stylus particularly adapted for non-professional 
recordists; Playback Steel Audiopoints, the most practical playback points 
for general use. One hundred per cent shadowgraphed. 

Although they are the finest styli available, Audiopoints are reason-
ably priced. Compare them, both in performance and price, with any other 
styli on the market. See your Audiodiscs and Audiopoints distributor or 
write. 

AUDIO DEVICES, INC. 
444 Madison Ave., 
New York 22, N.Y. 

PROCEE DI NGS Oh  'EDE I.R.E. 
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TO MEET AN OUTSTANDING OSCILLOGRAPHIC NEED, 

lo 976earitaweed 9erAreireez 

A VIEW OSCUOGRAPA 
M ORD (MMRA 
1e 2.114 

Complete or cut/ 5" ostillogropll 

LO W PRICED 

CONVENIENT 

SIMPLE DESIGN 

DESCRIPTIVE BULLETIN 

ON REQUEST 

MANUFACTURED FOR DU MONT BY EASTMAN KODAK COMPANY 
C  CN "  'N C  

ALLEN B. Du MONT LABORATORIES, INC., PASSAIC, NE W JERSEY • CABLE ADDRESS: ALBEEDU, PASSAIC, N. J., U. S. A. 

11110 
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BIG AM TRANSMITTERS 

USE THIS PO WERFUL TRIODE 

Modern, compact, efficient. 

Forced-air-cooled for con-
venient station installation. 

In newer AM broadcast equipment Type 
GL-893A-R plays an important part, since 
forced-air cooling adapts the tube for trans-
mitters using that increasingly popular method. 
(With water-cooled anode, as Type GL-893-A, 
the same proved power tube is obtainable for services such 
as industrial h-f heating and international 50- and 100-kw 
broadcasting.) 

A better tube than any predecessor, with improved fila-
ment construction and more highly developed grid design 
— easier to "break in" when placed in service — Type 
GL-893A-R is one of an extensive group of up-to-the-
minute General Electric transmitting tubes that cover the full 
range of broadcast requirements. 

If a station operator, whether AM, FM, or Television, your 
replacement needs on all types are ideally served by the G-E 
tube distributor or dealer right in your area. Because of 
tubes on hand, backed up by branch stocks strategically 
located, your local G-E source of supply can give you prompt 
service that will help you stay on the air a profitable 100 per 
cent of scheduled time. 

If a builder or designer of transmitters, General Electric 
offers you the widest range of tubes in respect to power-out-
put ratings, frequencies, and circuit applications. Your needs, 
moreover, come first with experienced G-E tube engineers 
who will be glad to assist you in selecting the right tube 
types for equipment on your drawing-boards. Consult your 
nearest G-E electronics office, or Electronics Department, 
General Electric Company, Schenectady 5, N. Y. 

GENERAL 

G10-893A-R 
50-kw power output, Class C telegraphy 

Filament 
voltage 

current 

Max plate 
ratings: 

voltage 

RATINGS 

(Voltage given is per strand of 
special filament which permits 

10 v  operation from d-c or from 1- , 
3-, or 6-phase a-c power sup-

61 amp  ply. Current Is per terminal.) 

CLASS B A-F  CLASS C R-F CLASS C R-F 
(2 tubes)  (telephony)  (telegraphy) 

20,000 v  12,000 v  20,000 v 

current  4 amp, per tube  2 amp  4 amp 
(signal) 

input  60 kw, per tube  24 kw  70 kw 
(signal) 

dissipation 20 kw, per tube  12 kw  20 kw 

Typical power 
output  70 kw  18 kw  50 kw 

(signal,  (12,000-v  (18,000-v 
18,000-v  operation)  operation) 
operation) 

Maximum  5 mc at full ratings) 25 mc at reduced 
frequency  ratings. 

ELECTR W 
FI RST  AN D  GRE ATEST  NA ME  IN 
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Want to simplify production? 
-Ws ee ho w C entralab 's m odel " M " R adi ant, gives 

you wide range of possible m echanical variations 

.  helps keep do wn your inventory, step u p your 

pro duction of electronic equip ment. 

1. Single Radiohm and Line Switch 

- 

3. Twin Radiohm with Solid Shaft 

5. Twin Radlohm and Line Switch with Dual Shaft 

LOOK TO CENTRALAB IN 1947! First in com-

ponent research that means lower costs for the 

electronic industry . . . pioneer manufacturer of 

Radiohms, switches, capacitors and ceramics. 

24A 

Single "M" Radiohm 
with solid shaft 

2. Single Radiohm. Line Switch and Detachable Shaft 

Your choice of detachable and dual 
shafts gives you new versatility, 
maximum convenience! 
ONE LOOK at the many variations you can have from Cen-
tralab's single model "M" Radiohm, and you'll see why it's 
one of the most popular controls on the market today for 
cost-conscious manufacturers! Added to this: fine CRL en-
gineering and research have given it a guaranteed minimum 
life test of 10,000 cycles (control resistance that is) . . . an 
average life expectancy of 20 ,000-25,000 cycles. Available 
with shaft and bushing lengths to meet your needs. 
For complete facts, send for Bulletin R697-A, 

PROCEEDINGS OF THE I.R.E. 
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Would you say there's a little or a big difference 

between a winner and a loser? And could a loser 

be a winner? No, we're not being philosophic ... 

we're just thinking about the Amperex ZB3200. 

This tube is a winner but that's because it's also a 

good loser. In tuber, one of the problems is to 

lose heat efficiently but in such a way that we 

prevent overheating of the glass-to-metal seals. So 

even though the plate terminals are that special 

Amperex copper one-piece construction, 

, feather-edge seals to glass, we wanted to keep 

the heat away from them. To do this we 

chose tubular supports; molybdenum next to the anode 

to withstand the high temperature but with a thin 

wall to reduce thermal conduction and large outer 

surface to increase radiation; then a smaller tube 

of nickel to connect to the one-piece copper terminal, 

nickel because it is also a good loser in 

the heat conduction race but has the required 

strength and rigidity. So we start out with 

two losers and wind up with a winner. 

Now this isn't exactly a -little - difference, 

but we do have hundreds of little and medium-size 

differences in the design and construction of 

the many transmitting, rectifying and special purpose 

tubes that comprise the extensive Amperex 

re-tube with Amperex 
AMPEREX 

ELECTRONIC 

CORPORATION 

25 WASHINGION Sh u t. (MO WN I, N T 

In (anada and Newfoundland  Rogefs Maisslif timilid 
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Authorized WAA Electronics Distributors 
EASTERN 

A Jtomatic Radio Mfg. Co , Inc 
122 Brookline Ave. 
Boston, Moss. 

Carr Industries, 
1209 Atlantic Ave. 

Brooklyn, New York, N. Y. 

Tobe Deutschmann Corp. 
863 Washington Street 
Canton, Mass. 

Electronic Corp. of America 
353 West 48th Street 
New York, N. Y. 

Emerson Radio & 
Phonograph Corp. 

76 Ninth Ave. 
New York, N. Y. 

General Electric Co. 
Bldg. 267; 1 River Road 
Schenectady, N. Y. 

General Electronics, Inc. 
1819 Broadway 

New York, N. Y. 

Hommarlund Mfg. Co., Inc. 
460 West 34th Street 

New York, N. Y. 

Hytron Radio & Electroni.-s Corp. 
76 LaFayette St. 

Salem, Mass. 

Johanns & Keegan Co., Inc. 
62 Pearl St. 
New York, N. Y. 

Newark Electric Co., Inc. 
242 West 55th St. 

New York, N. Y. 

Radio Ports Distributing Co. 
128 West Olney Rood 
Norfolk, Vc 

Smith-Meeker Engineering Co. 
125 Barclay Street 

New York, N. Y. 

Standard Arcturus Corp. 
99 Sussex Ave. 
thwark, New Jersey 

Sylvania Electric Products, Inc. 
Emporium, Pa. 

Technical Apparatus Co. 
165 Washington St. 
Boston, Mass. 

Tung-Sol Lamp Works, Inc. 
95 Eighth Ave. 
Newark, New Jersey 

W. & H. Aviation Corp. 
Municipal Airport 
Rochester, New York 

MID WESTERN 
Amlrican Condenser Co. 
4410 N. Ravenswood Ave. 
Chicago, Ill. 

Belmont Radio Corp. 
3633 S. Racine Ave. 
Chicago, Ill. 

Electra-Voice, Inc. 
Carroll & Cecil Streets 
Buchanan, Michigan 

Essex Wire Corp. 
1601 Wall Street 
Fort Wayne, Indiana 

E. F. Johnson Co. 
206 Second Ave., S. W. 
1Noseco, Minnesota 

SOUTHERN 
Navigation Instrument Co., Inc. 
P. 0. Box 7001, Heights Station 
Houston, Texas 

Southern Electronic Co. 

512 St. Charles Street 
New Orleans, La. 

PACIFIC 
Cole Instrument Co. 
1320 S. Grand Avenue 
Los Angeles, Calif. 

Hoffman Radio Corp. 
3761 S. Hill Street 
Los Angeles, Calif. 

Off'Cl 

elpetronic. 

JOBBERS 

W HOLESALERS 

MANUFACTURERS 

You'll save—save—save when you pur-
chase surplus electronic equipment from 
these Approved Distributors. They are 
offering electronic tubes, devices and 
equipment which were declared surplus 
by the Armed Forces. Fill your needs — 
now — while inventories still permit large 
purchases and wide selection. 

Purchasing of this equipment has 
been simplified to a high degree. These 
WAA Approved Distributors were se-
lected on a basis of their ability to serve 
you intelligently and efficiently. Write, 
phone or visit your nearest Approved 
Distributor for information concerning 
inventories, prices and delivery arrange-
ments. You'll find you can "Save with 
Surplus". 

OF AIRCRAFT AND ELECTRONICS DISPOSAL 

W AR ASSETS AD MINISTRATION 

Offices located at: Atlanta • Birmingham • Boston • Charlotte Chicogo • Cincinnati • Cleveland • Denver • Detroit • Grond Prairie, 

Too. • Helena • Houston • Jocksonville • Kansas City, Mo. • Little Rock, Ark. 
Los Angeles • Louisville • Minneapolis • Nashville • Now Orleans • New York 
orng h. . Philadelphia • PortIond, Ore. • Richmond • St. Louis • Solt Lake City 
Son Antonio • San Francisco • Seattle • Spokono • Tulsa 
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00,040ABILITY IS THE REQuib .. 
ẁ°WENT EL-MENCO is  Ib is CHOICE 

M OLDED 

is an EL-MENCO Capacitor? The 
physical dimensions are small but in terms of performance, 
each capacitor is a giant. The same sterling qualities that helped 
maintain vital communications for the Armed Forces under 
grueling wartime conditions are in every EL-MENCO Capaci-
tor that goes into your circuit. 

We who design and make EL-MENCO Capacitors are proud 
of the reputation of dependability that our products have 
earned. We pledge our every effort to its continuance. 

THE ELECTRO MOTIVE MFG. CO., Inc. Willimantic, Conn. 
JOBBERS AND DISTRIBUTORS: 

ARCO ELECTRONICS, 135 Liberty Street, New York, N.Y. Is sole agent for 
El-Menco Products in United States and Canada 

MICAE1 en.cduectroni MICA TRI M MER 

Department at Willimantic, 

Conn. for information. 

nicate direct with our Export 
Foreign Radio an  c Manufacturers commu-

CAPACITORS 
PROCEEDINGS OF TIIE I.R.E.  October, 1947 

27A 



SIDE- MOLDED IRON CORES 

SIDE 

MOLDED 

This diagrammatic illustration shows how 
conventional cores, molded by applying 
pressure to the ends, results in a dense 
grouping of iron particles at these 
points. In side-molded cores, however, 
any  density  resulting  from  molding 
pressure  extends  evenly  along  the 
entire length of the core, assuring uni-
form permeability with respect to length. 

Uniform Permeability 
with Respect to Linearity 
Use in many applications has shown Stackpole side. 
molded iron cores outstandingly superior to conventional 
end-molded cores for permeability tuning in the broad-
cast bands. Similar side-molded units are now available 
for short wave frequencies including television and 
frequency modulation. 
As the name implies, cores of this type are molded by 

\,  applying pressure from the sides rather than from the 
ends. The resulting units show very little variation in 

)  density or permeability with respect to length, 
......____ -...... .  thus assuring a high degree of uniformity. 

 ,,....„ 
WRITE FOR CATALOG I Other Stackpole Iron Core 
types include both standard and high-frequency types; 
insulated types; iron cores for choke coils, etc. Our new 
Catalog RC6 describes these as well as fixed and variable 
resistors, and our complete line of inexpensive line, slide, 
and rotary-action switches. 

STA M M CARBON COMPANY, ST. MARTS, PA. 

E 
IRON CORE HEADQUARTERS 

„ 1'I )( -/ pvip, (,1- 1111 1.h' 1947 



The WORKSHOP FM "TOWER" 
A New Type of 

FM TRANS MITTING ANTENNA 
Incorporates design and structural features 

unique in the field of broadcasting 

The new Workshop FM -Tower- Antenna is the ultimate in clean-cut design 
and performance. Complicated feed systems coupled with elaborate mechanical 

structures — costly, inefficient, troublesome — have been eliminated. 

FEATURES 

THE SINGLE SELF-SUPPORTING TO WER STRUCTURE IS THE ANTENNA! 
No protruding elements to increase wind and ice load. 

INSTALLATION PROBLEMS CUT TO A MINIMUM. 

Complete section easily handled by two men. 

TOTAL WEIGHT — 183 lbs. 
This allows use of lighter and less expensive supporting structures. 

150, 14.0,' , 120  100' 80'  60'  40'  30' 

170' 

180' 

160' • 

a riat t e fti. ‘  .̀ 
'i 

im o in itit„l\w\IIP"..grf:--trieg.'"140-12511 : 
v„..001*.•_.v.. .# ///i6 •441t.p.""irdalitm 

. , .. . 
Vertical Pattern of Workshop "Tower" Antenna — single section. 

Actual measurements in power at 101 mt. 

2O  

-•10• -•10' 

0' 

HIGHEST GAIN PER ANTENNA HEIGHT. 
Equal or superior in gain to a 3-bay 1/2  wave spaced array of conventional types. 

MECHANICALLY STRONG. 
Four strong aluminum alloy channels rigidly mounted to reinforced circular end castings. 

SECTIONS CAN BE STACKED FOR ADDITIONAL GAIN. 
, For higher gain Model FMT1 can be stacked on heavier lower sections —available soon. 

NO DE-ICING EQUIPMENT NECESSARY. 
High voltage points separated by a 1 5" gap. Icing effects negligible. 

LESS WINDLOAD AND WEIGHT THAN ANY OTHER ANTENNA OF COMPARABLE GAIN. 

LO W MAINTENANCE COST. 
Simplicity of construction assures a minimum of maintenance. 

HORIZONTALLY POLARIZED. 
Uses a new "wave-guide" principle of radiation (patent pending). Two short wave-guide sections 

arranged and fed at 90 degrees. 

ABSOLUTELY NON-DIRECTIONAL. 
The azimuth pattern is circular to better than 
a ratio of 1.1 to 1 in power. 

LO W STANDING WAVE RATIO AT YOUR 

FREQUENCY. 
Antennas ore pretuned at the factory. Accu-
rate standing wave ratio carefully meas-
ured on each antenna before shipping. Com-
plete data supplied. 

EYE APPEAL. 
The neat streamlined appearance of the new 
Workshop "Tower" Antenna adds to the 
beauty of any building or tower rather than 

detracting from it. 

PROVIDES A MOUNTING FOR A STANDARD 

300mm BEACON. 

ANTENNA  LOAD  DATA 

LOAD R.. 1.3 3 6165015IM 610co 
n 1,   

PEArOfT 14, 

400 

Ill b• 

HECHT H.  C if 

DIMAETEA 0 les; 

BEND.° MOTAUTT AT TOP OF SuPPORT ,NO 
STRUCTURE TOIMIlt • in<1,14. 500 won beacon Senn  2.640 Ii 0 

01E0011. W  SWAMP OT 040,05  iti 

THE W ORKSHOP ASSOCIATES 
INCORPORATED 

Specialists in High-Frequency Antennas 
06 NEEDHAM STREET, NE WTON HIGHLANDS 61, MASSACHUSETTS 

1'1 0)1_ I  (IP i lii  1.1' , 



/ OA F 547 
Features VOLTAGE CONTROL 
by SUPERIOR ELECTRIC 
All the information required for selection 
of the correct voltage control apparatus' 
is included — 

FOR INSTANCE: If you have an applicati  , 

variable voltage to a load of about 1 KVA turn fa 

SUPER/OR 

CONTROL 
_ 

POWERSTAT TYPES 116 - 216 
PO WERSTATS types 116 and 216 are alike 

in appearance and physical size . . type 116 

operates on 115 volts to deliver 0.135 volts, 

7.5 amperes — type 216 operates on 230 volts 

116-2D to deliver 0. 270 volts, 3.0 

amperes. Incorporated into 

each type is protective screen-

ing, output receptacle, "on-

off" switch, input cord-plug, 

and fuse protection. 

• •Nr. 
411  • 

116 

When back-of-panel mounted as part of other 

equipment, these PO WERSTATS are fur-

nished uncased as shown in the illustration of 

type 116U. Ganged assemblies are supplied for 

open-delta or wye connected 

three phase duty. All single 

and multiple types 116 and 

216 can be adapted to motor-

operation. Type MT116 is a 

typical motor-driven unit. 

116 U 

MT 116 

To get your copy of Bulletin 547 .. . and for more information 
on PO WERSTATS types 116 and 216, write 

SUPERIOR ELECTRIC,  1107 Laurel Street, BRISTOL, CONNECTICUT. 

THE SUPERIOR ELECTRIC c 
BRISTOL,  CONNECTICUT 

St. 

• 

POWERSTAT VARIABLE TRANSFORMERS • VOLTBOX A•C POWER SUPPLY • STARILME VOLTAGE REGULATORS 
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NEW! A complete 
portable recording console 

THE PRESTO 90-A 

Here in one easily portable unit is complete amplifier equip-
ment to produce recordings on remote assignments that equal 
the best recordings in permanent installations. 
Presto 90-A has 3 low-level input channels with mixers, master 

gain control and variable high and low frequency equalizers. 

It has four fixed characteristics: flat between 30 and 15,000 
CPS. .. NAB recording ...78 r. p. m. recording ... playback com-
plimenting NAB recording. 
Other features include: line input and output, V. U. meter, 

switching for one or two recorders, over-all gain-115 db, power 

—10 watts undistorted. 
In quality of parts and workmanship and in flexibility of opera-

tion, the Presto 90-A is the equal of the finest studio equipment. 

Presto engineers are proud to present this new recording 
console as a forward step in recording equipment. 

Immediate delivery can be made from stock. 

RECORDING CORPORATION 
150 WEST 55TH STREET, NEW YORK 19, N. Y. 

Walter P. Downs, Ltd., in Canada 

FREE! Presto will send you free of charge a complete 
bibliography and digest of All technical and engineer-
ing articles on disc recording published since 1921. 

Send us a post card today. 

PROCEEDINGS OF THE I.R.E.  October, 1947 
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4e40e#° °  
it pays 

equipment 

manufacturers 

to deal with 

R 
ICA tABORATOI11 

H E FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT 

RCA TUBE APPLICATION ENGINEERING SERVICE-

Twelve field engineering specialists devote their time exclu-
sively to the design problems of equipment manufacturers. 
They're ready to pitch in and help you at any time. 

RCA TUBE APPLICATION ENGINEERING LABORATORIES - 
RCA maintains tube application laboratories at Harrison, 
Lancaster and Chicago. The services of these laboratories are 
at the disposal of all RCA tube customers. 

RCA CIRCUIT INVESTIGATIONS-

RCA carries on independent research in circuit design for the 
exclusive benefit of its customers. Engineering reports are 
'provided as a free service. 

M I TIME INVEISPIENT-
RCA works years ahead in tube design—anticipates future 
requirements. That's why you get the types of tubes you 
want when you want them. 

As the fountainhead of modern tube development, you can 
look to RCA for the most authoritative and comprehensive 
technical literature on tulles. 

RCA MANUFACTURING FACILITIES-

RCA tubes are manufactured in ultramodern plants equipped 
with RCA-designed, high-speed precision machinery—your 
assurance of uniform, dependable quality tubes of whatever 
type, in any quantity. 

RCA QUALITY CONTROL - 

Quality controls begin with the raw material and are fol-
lowed through in every.successive step of manufacture and 
assembly to the final tube. That's why RCA tubes are con-
sistently good. 

RCA SALES SERVICE-

A staff of seasoned sales representatives are within conven-
ient reach. They're as ailable u hen you want them. 

RCA DISTRICT OFFICES - 

RCA's Tube Department maintains four convenient district 
offices in Harrison, Cleveland, Chicago and Los Angeles to 
serve equipment manufacturers. You can get prompt service 
from the office nearest you. 

RCA DISTRIBUTION_ 

RCA's Tube Department maintains bulk tube stocks in three 
warehouses strategically located in Jersey City, Chicago and 
Los Angeles for quick service. 

4 RCA PRICING-
Mass-production techniques and the RCA "Preferred-Type 
Tube Plan" have consistently operated to reduce manufac-
turing costs—which means lower prices to you. 

I RCA ENGINEERING LEADERSHIP..... 

IS RCA 

The vast resources of experience and al1ility that account for 
RCA's engineering leadership, are of direct benefit to RCA 
customers—a final reason why it pays to deal with RCA. 

TUBE DEPART MENT 

RADIO CORPORATIO N of A MERICA 
H A R R/5 0A', N. J. 

.;2.‘ 
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A Message to the I.R.E. Membership 
from 

Its Board of Directors 
The proposed Constitutional Amendments, recently submitted to the voting membership of 

the Institute, have been approved by a favorable vote of almost ten-to-one. The significance 
of a vote of these proportions is indeed great, since so high a favorable percentage of voters may 
be regarded as unusually close to unanimity of opinion. 
In the light of the vote of approval of the Institute membership, the Board of Directors de-

sires first to express its deep appreciation of the confidence shown by the membership in the 
administration of the Institute, as evidenced by the willingness of the membership to grant 
broad fiscal and other powers to the administrative group of the I.R.E. 
The Board is fully conscious that, with that grant of authority, there comes an added re-

sponsibility. The Board accordingly accepts this responsibility in a spirit of respect for the 
membership and its views, and loyalty to the aims and ideals of the Institute. It will endeavor 
to exercise its newly allotted powers in a spirit of calm and judicial detachment with equitable 
treatment for all, and in the determination to benefit to the utmost the membership and the 
Institute. The Board will endeavor to maintain those standards of impartiality, of high scientific 
and professional purpose, and of effective administration for which the Institute has always 

stood. 
It will be encouraging to the membership and the Board alike that the Board of Directors will 

soon include a group of Regional Directors, selected specifically to represent the Regions from 
which they come and whose memberships have elected them. The newly constituted Board will 
therefore represent the Institute membership even more broadly than in the past. Democratic 
administration, and the carrying out of the will of the entire Institute membership, will thus be 
furthered by the Regional Plan now being put into operation. 
The Board of Directors will continue to be animated by those purposes which have been out-

lined in this notice of appreciation to the membership. The Board again thanks the membership 
for their support, and assures them in turn of unremitting service toward their common 
aims: the welfare, usefulness, and expansion of the worthy activities of the Institute. 

For the Board of Directors: 

WALTER R. G. BAKER, President 
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Murray G. Crosby 
Board of Directors, 1947-1949 

Murray G. Crosby was born at Elroy, Wis., on Sep-
tember 17, 1903. He studied electrical engineering at 
the University of Wisconsin, receiving the B.S. degree 
in 1927 and a professional el.etr'cal eng'neering degree 
in 1943. From 1925 to 1944 he was research engineer 
for the Radio Corporation of America in the communi-
cations division of RCA Laboratories, where he special-
ized in frequency and phase modulation, and point-to-
point reception. He has written a considerable number 
of technical articles in those fields and has been issued 
numerous patents. 

Mr. Crosby received the Modern Pioneer Award from 
the National Association of Manufacturers in 1940, for 
contributions which improved the American standard of 
living. In 1943 and 1944 he served as expert technical 
consultant to the Secretary of War and received official 
commendation for his work. He also served on Panel 
Number 1 of the Radio Technical Planning Board. In 

1945 he became a member of the firm of Paul Godley 
Company, consulting radio engineers. 

Mr. Crosby joined The Institute of Radio Engineers 
as an Associate in 1925, was transferred to Member in 
1938, to Senior Member in 1943, and was awarded a 
Fellowship that same year for his "contributions to the 
development of high-frequency radio communications, 
including a careful study of frequency modulation." He 
was Vice-Chairman of the New York Section of the 
I.R.E. in 1943. In 1944 and 1945 he served on the 
Papers Procurement Committee, and in 1945 and 1946 
on the Admissions Committee. At present he is Chair-
man of the Papers Review Committee, Chairman of 
the Modulations Systems Committee, member of the 
Board of Editors, and member of the Editorial Admin-
istrative Committee. He is a Fellow of the Radio Club 
of America, and a member of the American Institute of 
Electrical Engineers. 
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Summary—Two crystals of the monoclinic sphenoidal class have 
been found which have modes of vibration with zero temperature 
coefficients of frequency, high electromechanical coupling constants, 
and high Q's or low dissipation. These properties make it appear 
probable that such crystals may have a considerable use in filters and 
oscillators as a substitute for quartz, whith is difficult to obtain in 
large sizes. These crystals are ethylene diamine tartrate (EDT) hav-
ing the chemical formula Cali4N205, and di-potassium tartrate 

(DKT) having the formula K2C411406-1/2 H20. 
The paper describes the properties of EDT, since this crystal 

has been found more advantageous than DKT. The 13 elastic con-
stants, the 8 piezoelectric constants, and the 4 dielectric constants 
have been measured over a temperature range, and from these meas-

urements the regions of low temperature coefficients and high elec-
tromechanical coupling have been located. Six low-temperature-
coefficient cuts have been discovered and the properties of these cuts 
are given. These cuts are being applied in the crystal channel filters 
of the long-distance telephone system, and may be applied to the con-

trol of oscillators. 

I. INTRODUCTION 

DURING the last 10 years or more, the properties 
of synthetic crystals have been investigated at 
Bell Telephone Laboratories with the aim of 

applying such crystals in the telephone plant. This 
program has resulted in a number of publications on the 
properties of synthetic crystals" and has produced ' 
crystals of use in the war. This search has recently 
resulted in two crystals of the monoclinic sphenoidal 
class which have cuts having zero temperature cc effi-
cients within useful temrerature ranges, high Q's, 
little or no water of crystallization, and a high electro-
mechanical coupling. These crystals are a suitable sub-
stitute for quartz for use in electrical wave filters. The 
requirements for such crystals are: (1) a rather high de-
gree of frequency and inductance stab lity over a tern-

* Decimal classification: R214.1 X R386.5. Original manuscript 
received by the Institute, March 27, 1947; revised manuscript re-
ceived, July 8, 1947. 
t Bell Telephone Laboratcries, Murray Hill, N. J. 
'W. P. Mason, "Dynamic measurement of tl-e properties of 

rochelle salt," Phys. Rev., vol. 55, pp. 775-789: April, 1939. 
2 A N. Holden and W. P. Mason, "The elastic, dielectric and 

piezoelectric constants of heavy water rcchelle salt," Phys. Rev., vol. 
57, pp. 54-56: January 1, 1940. 

3 W. P. Mason, "Location of hysteresis phenomena in rcchelle 
salt crystals," Phys. Rev., vol. 58, pp. 744-756: October 13, 1940. 

4 W. L. Bond, "The mathematics of the physical propertics of 
crystals," Bell Sys. Tech. Jour., vol. 22, pp. 1-73: January, 1943. 

2 W. L. Bond, "A mineral survey of piezoelectric materials," 
Bell Sys. Tech. Jour., vol. 22, pp. 145-152; July, 1943. 
• W. P. Mason, "The elastic, piezcelectric and dielectric constants 

of KDP and ADP," Phys. Rev., vol. 69, pp. 173, 195; March, 1946. 
7 W. P. Mason, "Elastic, piezoelectric and dielectric properties 

of soclium chlorate and sodium bromate," Phys. Rev., vol. 70, pp. 
529-538; October I, 1946. 
I W. P. Mason, "Properties of monoclinic crystals," Phys. Rev., 

vol. 70, pp. 705-728; November 1, 1946. 
W. P. Mason, "First and second order piezoelectric equations 

expressed in tensor form," Bell. Sys. Tech. Jour., vol. 26, pp. 80-138; 
January, 1947. 

New Low-Coefficient Synthetic Piezoelectric 
Crystals for Use in Filters and Oscillators* 

W. P. MASONt, FELLOW, 1.R.E. 

perature range from 55° F. to 110° F.; (2) a good chemical 
stability against atmospheric humidity conditions; (3) a 
low mechanical dissipation; and (4) a long-time stability 
against structure changes which would produce a change 
or aging in frequency or other electrical properties. 
During the war, quartz crystal plates to the number 

of 30,000,000 per year were used in the communication 
equipment of the services to provide oscillator control of 
high-frequency stability. As the war progressed it be-
came difficult to obtain large-size crystals, and toward 
the end of the war most manufacturers were using crys-
tal bars whose original weights were under 100 grams. 
With the end of the war it has become difficult to obtain 
natural crystals of sufficient size to supply blanks, which 
may run in size up to two inches long, for use in filters. 
With these synthetic crystals it is possible to grow crys-
tals of large size and, hence, meet the filter-crystal sup-

ply problem. 
These crystals are ethylene diamine tartrate (C61114N0) 

and di-potassium tartrate (K2C4F1406-1/2H20). The 
first has been given the designation EDT and the 
second DKT. EDT has no water of crystallization and 
hence wit not dehydrate. DKT has one molecule of wa-
ter of crystallization for each two of potassium tartrate, 
but this is tightly bound and tests show that no dehydra-
tion takes place up to 80° C. Of these two crystals 
DKT is the more stable with temperature, but it is 
harder to grow and requires more careful handling 
than does EDT. Accordingly, the first commercial ap-
plication has been made using the EDT crystal. It is 
the purpose of the present paper to describe the proper-
ties and useful cuts obtained with these two crystals. 

II. PROPERTIES OF ETHYLENE DIAMINE TARTRATE 
(EDT) CRYSTALS 

Monoclinic crystals are characterized by having two 
crystallcgraphic axes a and c, not at right angles to each 
other, and a third axis b, that is perpendicular to the 
other two. The c axis is along the shortest distance of the 
unit cell, while the b axis is the axis of two-fold sym-
metry. In measuring the properties of a crystal, the 
calculations come out much more simply for a right-
angled system of co-ordinates. As shown in Fig. 1, 
the method chosen'° for relating the right-angled 
X, Y, Z systems of axes to the a, b, c crystallographic 
axes of the crystallographer is to make Z coincide with 

10 This system of relating rectangular axes to crystallographic axes 
has been recommended as a proposed standard by a committee on 
piezoelectric crystals of The Institute of Radio Engineers, under the 
chairmanship of W. G. Cady. This committee also has recommended 
the symbols and nomenclature used in this paper. 
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c, Y with b, and to have the X axis lie in the plane 
perpendicular to the b axis, and at an angle of 51' 
above the a axis for DKT. For EDT the angle between 
X and a is much larger, i.e. 15°30'. 
The X, Y, Z axes form a right-handed system of axes. 

Since b= Y is a binary axis, it is necessary to have a 

Z=C 

a 

y=b 

Fig. 1—Relation between rectangular axes and the crystallographic 
axes for a monoclinic crystal. 

convention for specifying which end of the axis is 
positive. This can be done by locating the two optic 
axes of the crystal. A monoclinic crystal is a biaxial 
crystal, and the plane that contains these two axes 
must be either perpendicular or parallel to the b .or Y 
crystallographic axis. As shown by Fig. 2 (for DKT) for 
these two crystals the optic axes lie in a plane parallel 

• Z=C 

+x 
a 

Fig. 2—Use of optic axes in specifying the positive directions of 
the crystallographic axes. 

to the b axis and at an angle of 210 in a clockwise direc-
tion from the c or Z crystallographic axis for DKT, and 
at an angle of 25° for EDT. Since +X lies at a counter-
clockwise angle of 900 from c, and +b= + Y makes a 
right-handed system of co-ordinates with the X and Z 
aims, the measurement determines the positive direction 
of all three axes. 
DKT has two cleavage planes lying along planes de-

termined by the three crystallographic axes. EDT has 
one cleavage plane which is the 001 plane, i.e., the plane 
containing the a and b crystallographic axes. 
Since not all directions in the crystal are equivalent, 

useful cuts occur at definite orientations with respect 

to the crystallographic axes. The quickest method for 
finding the locations of these cuts is by determining the 
values and temperature coefficients of the fundamental 
elastic, piezoelectric, and dielectric constants of the 
crystal. From these fundamental constants, the proper-
ties of a cut at any other orientation can be calculated 
by applying well-known mathematical formulas for 
transferring from the set of crystallographic X, Y, Z 
axes to a rotated X', Y', Z' system of axes. Also, if the 
fundamental constants are known, the location can be 
calculated of all crystal cuts having such desirable prop-
erties as low temperature coefficients and high electro-
mechanical couplings. 

For plated, nonferroelectric-type crystals such as 
these, the most useful method of expressing the piezo-
electric constants is that originally due to Voigt." Voigt 
expressed the six strains Si to S6 in terms of the six 
stresses T1 to Tg, and the three electric fields Ey, Ey, EY. 
The strains SI, S2, S3 are the elongation per unit length 
along the X, Y, Z axes, respectively, while the strains 
Sg, S5 and Sg represent the shearing strains around the 
axes X, Y, and Z, respectively. The stresses T1, 7'2, T3 
similarly represent the stresses tending to produce 

elongations along the X, Y, Z axes, respectively, while 
T4, T5, TO represent the shearing stresses tending to 
produce shearing strains around the X, Y, Z axes, re-
spectively. The fields E7, E„, E, are the potential gradi-
ents (or the potentials divided by the distance over 
which they are applied) existing along the X, Y and Z 
axes, respectively. This relation, shown by (1), is Voigt's 

method of expressing the inverse piezoelectric effect. For 
a monoclinic sphenoidal crystal, these equations take 
the form" 

Si = SI lET1  Sl2ET2  S13E T3 + 516ET5  121E1/ 

S2 = Sl2ET1  S22ET2  S23ET3  325ET5  d24.E5 

S3 = sieTi  s2eT2  s33ET3  s3bET6  c123E5 

S4 = s44ET4  s46E7.6 diaEz  44E4 

Sb = S15E TI  S25E T2  S35E T3  S5bE T5  d25 Ey 

S6 = S46ET4  S66E T6 + d16Es  d36E1• 

The 511E to s666 are the 13 elastic compliances of the 
crystal, which are the ratios of the strains to the appro-
priate stress when all other stresses and the field are 
held constant, and d11 to d36 are the eight piezoelectric 
constants, which are the ratios of the strains to the 
appropriate applied field when all the stresses are held 
constant. The superscript E indicates that the fields 
are held constant for the compliance measurements. 
The direct piezoelectric equations express the polari-

zations generated in the medium along the three axes in 

"W. Voigt, aLehrbuch der kristall physik," Leipzig B. Teubner, 
pp. 801-848; October, 1910. 

The constants and methods of measuring the propertics of the 
monoclinic crystals have been discussed in the paper referenced in 
footnote 8. This paper describes the properties of the DKT crystal. 

(1) 
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terms of the applied stresses and the applied fields. 

These become 

x = niirEx  nisTEz  d16T6 

P y  7722T E Y  d21 7. 1 ± d22 7. 2  d23 7. 3  d25T5  (2) 

P: = niaTEx  nnTEz  d34T4  dagrg 

where niir, etc., are the dielectric susceptibilities meas-
ured at constant stress T, and Px, Py, P, are the 
polarizations along the three axes. 
As discussed in a former paper'?, all of these con-

stants can be measured by measuring the resonant fre-
quency, antiresonant frequency, and the capacitance 
at low frequencies of 18 oriented cuts. This process is 
further described and illustrated for the DKT crystal 
and all the constants measured over a temperature 
range. We can apply the same process to the EDT crystal 

3 

SE 
22 

-60  -40  -20  0  20  40  60  80 
TEMPERATURE IN DEGREES CENTIGRADE 

Fig. 3—Longitudinal elastic compliances for EDT crystals. 

and the resulting constants expressed in c.g.s. units are 
shown by Figs. 3, 4, 5, 6, and 7. Fig. 3 shows the 
longitudinal elastic compliances, Fig. 4 the shear elastic 
compliances, Fig. 5 the cross-coupling elastic com-
pliances, Fig. 6 the eight piezoelectric constants, and 
Fig. 7 the four dielectric constants, all plotted as a func-
tion of temperature. In deriving the elastic constants 
as a function of temperature, use has to be made of the 
temperature expansion coefficient in the various direc-
tions in order to eliminate the change in length and the 
change in density. I\ leasurements'a of the expansion 
coefficient in the X, Z plane are shown by Fig. 8. The 
coefficient along the Y axis is +20.3 = parts per million 
per degree centigrade. From these values the four 
temperature coefficients become 

= 0;  a22 = ± 20.3 X 10-6 ; a33 80 X 10-6 ; 

ala = — 32 X 10-6. 

This crystal has a rather remarkable temperature ex-
pansion characteristic, since it has a very high positive 
expansion in one direction (+90 parts in 166 per °C) 
and a small negative coefficient (-12 parts in 166 
per °C.) in a direction perpendicular to the large coeffi-
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Fig. 4—Shear elastic compliances for EDT crystals. 
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Fig. 5—Cross-coupling elastic compliances for EDT crystals. 
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Fig. 6—Eight piezoelectric moduli for EDT crystals. 
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111  These measurements were made by Miss E. J. Armstrong. 
Fig. 7—Four dielectric constants for EDT crystals. 
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dent. This temperature expansion property is the source 
of some trouble in handling, since the crystal is likely 
to fracture if subject to sudden uneven heating or 
cooling. 
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Fig. 8—Temperature expansion coefficients for EDT crystals. 

III. USEFUL FILTER CUTS IN EDT AND DKT CRYSTALS 

For use in filters, one of the requirements is that a 
single mode be obtained which is separated in fre-
quency from other interfering modes by a considerable 
amount. This requirement usually can be met by utiliz-
ing a longitudinal-mode crystal with its length two to 
three times the width. By observing the data of Fig.3, 
it is noted that both the elastic compliances .TH8 and 
suit of EDT have minimum points at 20°C., and hence 
crystals cut with their lengths along either the X axis 
or the Z axis will have zero temperature-frequency 
values of about 20°C. Furthermore, these two modes 
can be driven by applying a field along the Y axis 
since, as shown by Fig. 6, there are values for du and 
du equal respectively at 20°C. to 

c.g.s. units of charge 
d21 =34 X 10-8   

dyne per sq. cm. 

-700 

-120° 

-130° 

= 31 X 10-8. 

The elastic compliances for these two cuts are 

511E = 3.88 X 10-12 ; S UR  =  9.8 X 10-12 

and the free dielectric constant for both cuts is 

E22T = 8.22. 

October 

It has been shown that the electromechanical coupling 
factor k and the ratio of capacitances r for a longi-
tudinal crystal are given by the formulas" 

47r  7r2(1 — k) . 
k = d2i   •  r= 

V6227' SE '  8  k2 

Hence, for these two crystals, Y cut, length along X, 
and Y cut, length along Z, the constants are, respec-
tively 

k = 0.215; 

k = 0.126; 

r = 25.5 length along X; 

r = 76.5 length along Z. 

The first cut, the Y cut with its length along X, has 
a high coupling and low ratio of capacitance, a rela-
tively small change of frequency about the point of zero 
temperature coefficient, and a small change of coupling 
with temperature. It is one of the most important filter 
cuts. On the other hand the Y cut, with its length along 
Z, has a low coupling, a large change in frequency about 
its zero temperature coefficient point, and a large 
change of coupling with temperature, and hence has not 
found any practical applications. 

BY combining the elastic constants according to the 
equation for a rotated system of axes," which takes the 
form 

s22 - =  124s liE  122m 22(L')s12 - E -r 66E)  122n22(2s13E  s559 

-F 2/23,12.515E  m2 4s22 E  m2 2112 2(2s23 E 

s   

s44) 

4- 2n23/2s35E 4- n24s33E + m22/2n2(2s25E + s46), 

where the directions cosines 11 to n3 for the rotated sys-
tem are related to the crystallographic axe i X, Y, Z 
by the relation 

x y  z 

x' 1 tni ni 

y' 12 ni2  n3 ' 
2' 13  7713  n3, 

it can be shown that there is another region for which 
zero-temperature-coefficient crystals can be obtained. 
This region, as shown by Fig. 9, is obtained by starting 
with a crystal whose thickness is along Y and whose 
length is along Z, rotating the direction of the length 
by a counterclockwise angle of 45° about the thickness 
then rotating the crystal about its width by a counter-
clockwise angle of 63°. According to a system of nota-
tion proposed by W. L. Bond" and adopted by the 
committee on piezoelectric crystals of The Institute of 
Radio Engineers, this crystal is designated as the ( YZtw, 
45° 63°) crystal. The first letter indicates the direction 
of the thickness before rotation; the second letter repre-
sents the direction of the length before rotation; the 

'W. L. Bond, "Crystal rotation systems," unpublished. 
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third letter and the first number represent, respec-
tively, the axis of the first rotation and the value of the 
angle measured in a counterclockm ise direction; and 
the fourth letter and second number represent, respec-
tively, the second axis of rotation and the angle of rota-
tion measured in a counterclockwise direction. 

+2 

/ 45° 

+Y 

+5 

Fig. 9 —0 rien ta tion for "A "-cut zero-temperature-coefficient crystal. 

For this crystal, the direction cosines between the new 
rotated axes and the crystallographic axes, assuming 
that x' lies along the thickness of the crystal, y' along 
its length, and z' along the width (in a right handed co-
ordinate system), are given by the equations 

/1 = sin 4, sin 0;  mi = cos 0; 

12 = sin 4, cos 0; m2 -= sin 0; 

13 = — cos 4);  m3 = 0; 

ni = sin 0 cos 4) 

n2 = — cos 0 cos 4) 

n3 = + sin 41. 

With these values, the piezoelectric constants of the 
rotated crystals become 

d12' = cos' 0[d21 sin' 4, + d23 cos' 4, + d23 sin 4) cos 4)] 

+ sin' 0 cos 0[d22 [(d14  d36) sin 4) cos 4) 

▪ da sin' 4) + d34 c0s2 

while the elastic and dielectric constants are given by 

.522'E = siiE sin4 4, cos' 0 ± (2512E + 566E) sin' 0 cos' 0 sin' 4) 

-I- (2513E + 555E) c0s4 0 sin' 4) cos' 4, 

• 2si5E cos' 0 sin' 4. cos 4) + 522E sin4 

+ (2523E + 5449 sin' 0 cos' 0 cos' 4) 

-I- 2.535E c054 0 cos: 4) sin 4) + 533E cos: 0 cos: 4, 

▪ (2s25E -1- s469 sin' 0 cos' 0 sin 4, cos 4) 

€11T sin' 0 sin' d•  2ti3T sin' 0 sin 41 cos 4, 

▪ E227 c0s2 6 ± €337 sin2 0 cos' 4). 

With these equations the constants for the ( YZiw, 450, 

611 T1 

63°) crystal, which has been given the designation "A" 

cut, become 

d12' = — 30.1 X 10-8 ; 522E = 5.5 X 10-12 ; en'T -= 6.58. 

Furthermore, by determining the elastic constant 522E 
as a function of temperature, we find that the variation 
is very small. 
The characteristics of a crystal that the filter designer 

is interested in are the change in resonant frequency 

L1  Cl 

FREQUENCY 

CO 

Fig. 10—Impedance and equivalent electrical circuit 
of a piezoelectric crystal. 

with temperature, the ratio of capacitances in the 
equivalent circuit of the crystal, and the dielectric con-
stant. All the elements of the equivalent circuit (Fig. 
10) can be calculated from these values. Fig. 11 shows 
these values as a function of temperature for tempera-
tures from —80°C to +80°C. Similar quantities for the 
Y-cut crystal are shown by Fig. 12. 
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Fig. 11—Frequency constant, ratio of capacitances, and 
dielectric constant for the "A "-cut crystal. 

The A-cut crystal has a higher ratio of capacitances 
(lower electromechanical coupling) than the Y, but has 
a considerably flatter temperature-frequency character-
istic, and hence is most useful in narrow-band filters 
where a higher stability and a lower coupling are re-
quired. The Y-cut crystal is better for wide-hand filters, 
where a high coupling and a moderate temperature 

stability are required. 
A monoclinic crystal has the advantage that, with the 

large number of elastic constants existing, a greater 
probability exists of balancing the temperature coeffi-
cients of one constant against those of the other con-



1010  PROCEEDINGS OF THE I.R.E. October 

stants and obtaining a zero temperature coefficient of 
frequency, but has the disadvantage that, with the large 
number of cross-coupling elastic constants, the chances 
of obtaining disturbing interfering modes is also larger. 
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This is illustrated by Fig. 13, which shows the frequency 
spectrum of a Y-cut EDT crystal plotted as a ratio of 
width to length. The lower solid line represents the 
resonant frequency of the main mode, and the numbers 
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Fig. 13—Frequency spectrum for a 1-cut crystal as a function 
of the ratio of width to length. 

as 06 

on the figure are the ratios of capacitance at 25°C. The 
top solid line is the coupled width mode, which is a 
relatively strong resonance. The first dotted line above 
the main mode is the second flexure, which is coupled 
to the main longitudinal mode through the shear cou-

pling, as in quartz. This becomes so strong at low ratios 
of width to length that it makes the crystal unusable 
for ratios of width to length less than 0.31 and greater 
than 0.5. The second dotted line represents another 
mode that causes a small interfering effect. In addition 
to these modes, there exists a coupling to a thickness 
flexure which makes certain ratios of thickness to length 
unusable. 

With all these limitations the constants of the ele-
ments in the equivalent circuit for a crystal shown by 
Fig: 10 cannot be obtained by varying the width and 
thickness over wide ranges, as can be done with quartz 
crystals. To get all of these variations it has been found 
necessary to employ more complicated orientations 
which vary the fundamental constants of the crystal 
without changing the temperature stability. Since most 
of the crystals require a coupling greater than can be 
obtained in the A cut but less than in the Y cut, we 
look for modifications in orientations surrounding the 
Y cut. 
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Fig. 14—Effect on the frequency constant, temperature of zero co-
efficient, and ratio of capacitances of rotating the 1-cut crystal 
about its thickness, for a plate of w// =0.4. 

The simplest orientation to employ is a rotation 
about the thickness, causing the length to vary from the 
X direction by +00. The effect of this rotation is to 
change the constants of the crystal, as shown by Fig. 14. 
The top curve shows the frequency constant, at 25°C., 
of a crystal whose ratio of width to length is 0.4. This 
increases for negative angles and decreases for positive. 
The second curve shows the ratio of capacitances as a 
function of angle, and the bottom curve shows the 
temperature for which the temperature coefficient be-
comes zero. This increases for negative angles and de-
creases for positive angles. 

Rotations about the width and rotations about the 
length are also possible. As shown by Fig. 15, which 
shows the principal filter orientations so far found use-
ful, an orientation of +10° about the width was found, 
and this has very similar characteristics to the Y-cut 
crystal. A rotation around the length has also been tried, 
and by rotating ±20° about the length and —5° about 
the resulting thickness, an orientation having a zero 
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temperature coefficient, relative freedom from unwanted 
modes of motion, and a relative inductance in the 
equivalent circuit of Fig. 10, about 50 per cent larger 
than that for the Y cut has been found. This is shown 

EDT FILTER PLATES 
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X 
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45 

A=(Y ZU.045./63° 
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(yx w)t 10° 

Fig. 15—Zero-temperature-coefficient cuts for EDT crystals. 

on Fig. 15 as the (YXlt±20°, —5°) crystal, and it ap-
pears likely that this cut may be used for the higher-
channel band-pass filters. 
Some interesting cuts for DKT crystals have also 

been found as discussed in a former paper.'2 Fig. 16 

b Y 

AT 
SHEAR CUT 

t. 

Fig. 16—Zero-temperature-coefficient cuts of DKT crystals. 

shows two longitudinal cuts, Z cuts with their lengths, 
respectively 450 and 37.50 from X, and one face shear 
cut, all of which have zero temperature coefficients of 
frequency around room temperature. Fig. 17 shows how 
the resonant frequency and ratio of capacitances vary 

over a wide temperature range. Comparing this to the 
data of Fig. 12, we see that the DKT crystal has a 
higher coupling (lower ratio of capacitances r) than does 
the Y-cut EDT crystal, and a frequency variation that 
is only about a third that for the EDT crystal. It ap-
pears likely that, when growing and processing methods 
are further investigated, this crystal may have uses in 
apparatus for which a large electromechanical coupling 
and a low temperature coefficient are required. 
The higher coupling existing for EDT and DKT 

crystals than for quartz also opens up interesting 
possibilities. With this coupling, band-pass filters hav-
ing channel bandwidths of 3300 cycles are possible at 
frequencies as low as 20 kilocycles. Also, with the high 
coupling, it may be possible to .dispense with coils en-
tirely in the high-frequency carrier range for voice 
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channels, and thus reduce the size and cost of such 
filters. Wider-band filters in the ordinary carrier range 
are also possible, such as are used, for example, when a 
broadcasting program channel is transmitted over a 

carrier system. 

IV. APPLICATION OF EDT CRYSTALS' IN THE CONTROL 
OF HIGH-FREQUENCY OSCILLATORS 

A high-frequency shear mode has also been found in 
EDT crystals which has a zero temperature coefficient 
at room temperature. This crystal (YXl 100 to 200) as 
shown by Fig. 15 has as its major plane the 0, 0, 1 
crystallographic plane, i.e., the plane determined by 
the a and b crystallographic axes. Fig. 18 shows a meas-
urement of a crystal having the dimension 1 along 
Y=1.737 cm.; w along a =9.22 cm.; 1=0.874 mm. The 
resonance frequency fR shown by the curve has a fre-
quency that is given by the equation for a crystal 1 mm. 

thick: 

fn = fo[1 — a2(T — To)21 

= 904,000[1 — 1.21 X 10-°(T — 100)2] 

where T is the temperature in degrees centigrade. 
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This is a rather large curvature constant a2 compared 
to what can be obtained with a quartz crystal. For ex-
ample, the curvature constant a2 for BT quartz, which 
is the cut most widely used for high-frequency oscil-
lators, is 

a2 = .042 X 10-6. 

Hence, for a given temperature range on either side of 
zero temperature coefficient, the EDT crystal would 
have around 29 times as much frequency change as the 
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Fig. 18—Frequency spectrum of a thickness-shear EDT crystal. 

60 80 

quartz crystal. Another way of expressing the relation 
is that, for a given frequency tolerance, the EDT crystal 
could cover only 1//29=0.185 times the temperature 
range covered by the quartz crystal. This larger curva-
ture appears to be possessed by all synthetic crystals so 
far examined. 
However, for the very wide temperature range re-

quired for military application (-50°C. to +90°C.), a 
quartz crystal may not give all the accuracy required, 
and hence a moderate temperature control is often re-
quired. If a temperature control is used, it requires one 
only five times as good to hold the frequency of an EDT 
crystal to the same variation as a quartz crystal. For 
example, an accuracy of 0.01 per cent in frequency 
could be met by holding the temperature constant to 
± 9°C., and this is easily held by even a snap,switch 
thermostat. Hence, it appears entirely possible that 
EDT thickness vibrating crystals may have uses in con-
trolling oscillators. 
For a temperature-controlled crystal, it is desirable 

to have the temperature of zero coefficient up around 

70 to 90°C. in order that the thermostat will operate 
under all ambient conditions. This can be obtained with 
an EDT crystal by increasing the rotation angle about 
Y. Fig. 19 shows measured values of this temperature 
in degrees centigrade as a function of the angle of rota-
tion of the normal from Z. The ratio of capacitances 
curve and the frequency constant plotted in kilocycle 
millimeters are also shown. For high angles of rotation 
the coupling gets quite large, and hence there is a large 
separation between resonant and antiresonant fre-
quencies. This property of the crystal might be of con-
siderable use in a frequency-modulated oscillator, for 
it would allow a wide percentage swing of the resonant 
frequency. By temperature-controlling the crystal, the 
average frequency can be held quite constant and the 
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frequency swing made quite large, so that these crystals 
may have applications in frequency-modulated oscil-
lators. 

The thickness of the crystal can be lapped down easily 
to one-third of a millimeter, which will give a frequency 
of about 2.7 megacycles. On account of the large electro-
mechanical coupling, the third and fifth harmonics are 
strongly driven, and thus it should be possible to reach 
frequencies as high as 13.5 megacycles. Hence, for cer-
tain purposes the use of EDT crystals to control oscil-
lators appears to be a distinct possibility. However, for 
any very high degree of frequency stability, the quartz 
crystal is still much to be preferred. 
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Summary —Equations are derived for the carrier and side-
frequency amplitudes which are obtained when a carrier wave is 

frequency-modulated by a complex audio signal. The bandwidth 

occupied by such a frequency-modulated wave is defined as the 
distance between the two frequencies beyond which none of the 

side frequencies is greater than 1 per cent'of the carrier amplitude 

obtained when the modulation is removed. 
Curves are given to show the amount this bandwidth exceeds 

the extremes of deviation for a rarge of m( el• lation indexes from 

0.1 to 10,000, for sinusoidal, square, rectangular, and triangular 

modulation. For more precise def nitions of bandwidth, curves are 
also given for side-frequency amplitude limits of 0.1 per cent and 

0.01 per cent of the carrier-wave amplitude. For complex modulat on 

the total bandwidth can be estimated by computing the bandwidth 

that would be required by each audio-frequency component, if it 

were on separately, and adding the results. 

Variation of Bandwidth with Modulation Index 
in Frequency Modulation* 

MURLAN S. CORRINGTONt 

To show how the bandwidth changes with modula-
tion index, exact mathematical expressions for the 
spectrum will now be obtained. 

THE SPECTRUM OF A CARRIER W AVE WHICH IS 

FREQUENCY- MODULATED WITH A 

SINUSOIDAL SIGNAL 

When a carrier wave is frequency-modulated with a 
single audio tone, the equation for the voltage is 

e = E sin (cot  — sin 2irpt) 

INTRODUCTION 

I
F A CARRIER wave is frequency-modulated with 
a sinusoidal audio voltage, an infinite number of 
side frequencies is produced. The carrier amplitude 

is reduced when the modulating voltage is applied, and 
may even become zero. If the deviation is increased, 
additional side frequencies are produced in both side-
bands, and the distribution of the intensities of the 
previous ones is changed. For a single audio tone, the 
distance between side frequencies is always equal to the 
audio frequency. When two or more modulating tones 
are used simultaneously, side frequencies are produced 
which are separated from the carrier by all possible com-
bination frequencies which can be obtained from sums 
and differences of harmonics of the modulating fre-
quencies P Thus, if there are two audio tones of fre-
quencies Al and tt2, the side frequencies are separated 
from the carrier by + rill + sp2 where r and $ are posi-
tive integers or zero. 
Although, theoretically, an infinite number of side 

frequencies is produced, in practice the ones separated 
from the carrier by a frequency greater than the devia-
tion decrease rapidly toward zero, so the bandwidth al-
ways exceeds the total frequency excursion, but never-
theless is limited. For large modulation indexes and a 
sinusoidal modulating voltage, the bandwidth ap-
proaches, and is only slightly greater than, the total fre-
quency excursion. 

• Decimal classification: R14812. Original manuscript received by 
the Institute, May 27, 1946; revised manuscript received, February 
5, 1947. 
t RCA Victor Division, Radio Corporation of America, Camden, 

N. J. 
I Murray G. Crosby, "Carrier and side-frequency relations with 

multitone frequency or phase modulation," RCA Rev., vol. 3, pp. 
103-106; July, 1938. 
$ M. Kulp, "Spektra und KlIrrfaktoren frequenz- und ampli-

tuden-modulierter Schwingungen," Part I. Elek. Nach.-Tech., vol. 
19, pp. 72-84; May, 1942. 

where 

(1) 

E= amplitude of the wave 
w =angular frequency of the carrier, radians 
per second 

D = deviation, cycles per second 
=audio frequency, cycles per second 
=time in seconds 

Dip =modulation index. 
This expression can be expanded in a spectrum con-

sisting of a carrier and side frequencies, in accord with 

the result' 
40 

e = E E ../„(D/A) sin (cot + 2irnut)  (2) 

where ../„(D/µ) is a Bessel function of the first kind of 
order n and argument DIM. 

Graphs of the Bessel Functions 

To plot the spectrum of a frequency-modulated wave 
for a given modulation index Dip, use a table of Bessel 
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Fig. 1—Graph of ,/,,(10). 

16 

n 

functionsc" to obtain the amplitudes of the carrier and 
the side frequencies in the upper sideband. The odd-
order side frequencies in the lower sideband will have 

'A. Bloch, "Modulation theory," Jour. I.E.E., (London), Part 
III, yd. 91, pp. 31-42; March, 1944. 
'E. Jahnke and F. Emde, "Tables of functions with  formulae  and  

curves, Dover Publications, New York, N. Y., 1943, p. 171. 
'August Hund, "Frequency Modulation," McGraw-Hill Book 

Co., New York, N. Y., 1942; Table VI, p.352. 
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signs opposite to those in the upper sideband, and the 
even-order side frequencies will have the same sign. 
Fig. 1 is a graph of J„(10). If the ordinates are drawn 
for each integer, as shown by the dotted lines, the side 
frequencies in the upper sideband will be proportional 
to these ordinates and the carrier will be proportional to 
the ordinate at n=0. 
If the modulation index is increased to 1000, the 

part of the curve for n nearly equal to the modulation 
index is similar, but is reduced in amplitude!' Fig. 2 
shows the variation of the side frequencies near the 

Fig. 2—Graph of /„(1000). 

upper edge of the band. The curve oscillates with 
gradually increasing amplitude and slowly increasing 
period all the way from the origin to the last maximum, 
which is also the absolute maximum, and then decreases 
rapidly toward zero. The maximum energy occurs at a 
point in the band just inside the frequencies which cor-
respond to the ends of the swings. When the deviation 
increases and the modulating frequency remains con-
stant, the total energy of the spectrum is spread over a 
greater bandwidth, and the average amplitude of the 
side frequencies must decrease uniformly to maintain 
constant total energy in the modulated carrier wave. 
The absolute maximum value of the Bessel function, 

for positive values of m, is shown by Fig. 3. For a given 
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Fig. 3—Absolute maximum value of Besse! function J.(m). 

modulation index, this maximum occurs for a value of 
the order n slightly less than the modulation index m. 
For example, for a modulation index of 1000 the 

• Murlan S. Corrington, "Tables of Besse! functions .4,(1000)," 
Jour. Math. Phys. (M.I.T.), vol. 24, pp. 144-147; November, 1945. 

maximum occurs at n=991.91 and equals 0.06756. If 
the modulation index is 10, the maximum occurs at 
n=8.23 and equals 0.3210. The curve of Fig. 3 shows 
this maximum value for a range of modulation indexes 
from 10 to 10,000. It was computed from the formulas 
of Aleissel7 which state that the Bessel function .J0(k) 
reaches its absolute maximum 

0.6748 8509 6430  0.0727 6309 8182 

0.0199 5975 5975 0328 

\VP' 

for the value 

n = k — 0.8086 1651 7466 0e 

0.0316 7351 0263 

0.0606 4998 7910 

iyT 

(3) 

(4) 

A family of curves for modulation indexes from one 
to twenty is shown by Fig. 4. The vertical scale repre-
sents the amplitude of the given side frequency for each 
modulation index. The curve of Fig. 1 can be obtained 
by cutting a section through the surface for a modula-
tion index of 10. Contour line A is for the constant value 
of the Bessel function ../„(D/A)= 0.01. Similarly, the 
contour B corresponds to. = 0.001, and contour 
C is drawn for J„(D/µ)= 0.0001. 

Curve D is shown for the order of the Bessel function 
equal to the argument. If the bandwidth of a fre-
quency-modulated carrier wave were just equal to twice 
the deviation, the side frequencies would not extend 
beyond curve D. It is evident that for a given modula-
tion index the bandwidth extends _beyond curve D 
(say to curve A), but that the intensities of the side 
frequencies beyond curve D are decreasing rapidly. 
Curve E is drawn along the top of the first crest and 

gives the absolute maximum value of the envelope of 
the side frequencies for each modulation index. This 
curve is also given by Fig. 3. The curves F, G, H, I, J, 
and K show where the surface goes through zero, i.e., 
the zeros of the Besse! functions. 

Definition of Bandwidth 

Theoretically, there is an infinite number of side fre-
quencies in the spectrum of a frequency-medulated car-
rier wave, but the amplitudes decrease very rapidly be-
yond the last maximum. Point A on Fig. 1 corresponds to 
the value J„(10) =0.01 and will be defined as the edge 
of the band. Point B is shown for J„(10) =0.001, and 
point C for J0(10) =0.0001. These latter two points can. 
be used for a more precise definition of bandwidth, but 
point A is to be taken as the usual limit for practical 
purposes. 

'E. Meissel, "Beitrag zur Theorie der Bessel'schen Functionen," 
A stronom. Nach., vol. 128, cols. 435-438; 1891. 
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The curves of Fig. 5 show the variation of the band-  Bandwidth Required for Complex Modulation 

width as the modulation index is changed.8 
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Fig. 5—Variation of bandwidth with modulation index. 

Example: Let the deviation be ± 50 kilocycles and the 
audio frequency be 5 kilocycles. Find the bandwidth. 
The modulation index is 50/5 =10. From curve A 
of Fig. 5, the increase in bandwidth is approxi-
mately 0.42 or 42 per cent, so the bandwidth is ap-
proximately 2(50)(1+0.42) =142 kilocycles. 

8 A rather simple method for computing the argument for 
.10(x) =, 0.01, 0.001, 0.0001 is to use the approximate formula 

.1.(v sech a) tanh a  exp tv(tanh a+ tanh' a —a)1/Cus (— tanh° a) 
siA/3  3 

given in G. N. Watson, "A treatise on the theory of Bessel functions," 
The Macmillan Company, New York, N. Y., Second Edition, 1944, 
p. 250, where Kirs(x) is a modified Bessel function of the second kind 
of order 4 and argument x. A series of values of a was chosen and 
the corresponding Bessel functions computed. These values were 
plotted on semilog paper and the arguments corresponding to the 
ordinates 0.01, 0.001, and 0.0001 were read off. The curves of Fig. 5 
were obtained directly from these readings. 

If several modulating tones are present simultane-
ously, the carrier wave can be expressed as 

S D 
e = E sin {cot + E — sin (21141  e.)} 

8-1 As 

where E is the amplitude of the wave, co is the carrier 
angular frequency, D. is the deviation corresponding to 
the audio frequency A., t is the time, and e, is the phase 
angle corresponding to p.. This modulated carrier 
wave can be represented by a spectrum3.9- " 

(5) 

.0 {5 
e = E E 11.4.(m.)} sin ((at  E 149)  (6) 

k0- 00  8 1  2 1 

where 

m, = D,/j.. and 0, = 221.1.1-1- ea. 

In the case of two-tone modulation this becomes' 

E sin cot + Diitti sin 22.41 + D2/p2 sin 2141211 

ao 

= E E 
vt —ao 

co 
E J00(Di/14).1.(D2//42) sin (co + 27rmuc 

2rnµ2)t. (7) 

This result shows that the spectrum is now much 
more complicated than for a single modulating tone, 

E. C. Cherry and R. S. Rivlin, "Non-linear distortion, with 
particular reference to the tlieory of frequency modulated waves, 
Part I," Phil. Meg., vol. 32, pp. 265-281; October, 1941. 
'° A. S. Gladwin, 'Energy distribution in the spectrum of a fre-

quency modulated wave, Part I," Phil. Meg., vol. 35, pp. 787-802; 
December, 1944. 

11 K. R. Sturley, 'Frequency modulation," Jour.  (London), 
vol. 92, Part III, pp. 197-218, September, 1945. 
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and that side frequencies will be produced at spacings 
from the carrier given by all the possible combinations 

+ nµ2. The amplitude of each side frequency will 
be proportional to the product of the two Bessel func-
tions. Just as the maximum deviation occurs when DI 
and D 2 are in phase, the maximum bandwidth is given 
approximately by the sum of the two bandwidths that 
would be obtained with the two modulating tones used 
one at a time. 

The graph of Fig. 6 shows the spectrum obtained 
when two tones are present simultaneously, in accord 
with (7). The side frequencies are no longer symmetrical 

Ti 

 0..138 

Fig. 6—Spectrum for complex modulation. 

about the carrier and, when they are separated from the 
carrier by a frequency greater than D1 +D2, decrease 
rapidly toward zero. The upper sideband contains 57.9 
per cent of the power, the lower sideband 42.0 per cent, 
and the carrier 0.1 per cent. 

General Method for Computing Side-Frequency Ampli-
tudes 

If the modulating signal is given, the variations of the 
phase angle will be proportional to the integral of the 
signal. This integration can be done directly, or by 
numerical integration, and the constant of integration 
should be chosen so the average value of the phase angle, 
over a complete cycle, is zero. If the phase angle is S(t) 
the frequency-modulated carrier wave can be expressed 
as 

e = E sin twi -I- S(t) 

= E sin co/ cos S(:)  E cos cot sin SO).  (8) 

Expand in the Fourier series 

cos  = E ta sin nO  b„ cos 2201 (9) 

sin S(t) = E {c„ sin nO  d. cos nO1  (10) 

where 0= 27rµt and µ is the repetition rate of the signal 
in cycles per second. This expansion can be done by di-
rect integration of the integrals for the Fourier coeffici-

ents or by one of the numerical methods for harmonic 
analysis. 12'13 
Then 

e = E sin cot E { a, sin nO + b. cos n01 
00 

E cos cot E Ic„ sin nO  d5 cos nal 

03 

= FE {i(a.  d.) cos (co — 27714)1 

— 4(a. — d.) cos (w  271-111.01 
• 1(b. — c„) sin (co — 27,44t 

▪ i(bn  c5) sin (co + 27r,/µ)11  (11) 

which gives the side-frequency amplitudes directly. 
The results of numerical computation can be checked 

by taking the sum of the squares of the carrier and each 
of the side-frequency amplitudes; they should add up 
to O. 

THE SPECTRUM OF A CARRIER W AVE WHICH IS 

FREQUENCY- NI ODULA TED WITH A 

RECTANGULAR SIGNAL 

When the signal is a rectangular or square wave, as in 
frequency-modulated telegraphy, or in television video 
and synchronizing signals, the carrier wave can be 
analyzed into a spectrum in a similar manner. If the 

811.' 

A ---I 
Fig. 7— Modulating signal. 

S(t) 

mint 

Tin 

m 

8.2rµt 

Fig. 8— Variation of phase angle. 

modulating signal is as shown by Fig. 7, the phase angle 
S(t) will be 27r times the integral of this curve, as shown 
by Fig. 8, where m =D/µ. The equation for the fre-
quency-modtilated wave becomes 

e = E sin 1 cot  S(t) 

= E sin cot cos S(1)  E cos we sin S(t).  (12) 

Since cos S(i) is symmetrical about the origin, it can 
be expanded in a cosine series. Similarly, sin S(t) is 

22C. Runge and H.  "Vorlesungen Ober Numerisches 
Rechnen." Julius Springer, Berlin, 1924, no. 211-231. 

" R. P. G. Denman, "36 and 72 ordinate schedules for general 
harmonic analysis," Electronics, vol. 15, pp. 44-47, September, 1942. 
In addition to the corrections listed in vol. 16, pp. 214-215, April, 
1943, change the correction in column one, p. 215, from "Column 
for B11 and Jim  line for a -=;20", for al, read A2," to read " ... for 
At. read —.12." 
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skew symmetric about the origin and can be expanded in 

a sine series. From Fig. 8, 

cos 5(t) = cos in0  0 5 0 wx 

mx(r — 0) 

where 

=  c os 

1  X 

03 

= E b„ cos 2rni.tt 

2 I. TZ 
= — J  cos m0 cos ized0 

R  0 

bo = 

rx  0  r 

2 f 
-  cos  (r — 0) cos nOdO 
r  r,  1 — x 

1 
sin rmx. 

rmx 

Similarly, 

sin S(1) = sin me 

x. m  — 0) 
= sin   

1 — x 

where 

= E c. sin 2rni4 

2 fa v. 
C', = —  sin me sin ned0 

7  0 

0  0 rx 

7 X 

(13) 

amount equal to the audio frequency. They are given by: 

First upper side frequency 

mE 
 sin wx(m— 1) sin (co-1-2wµ)t. (20) 
w(m-1)(mx— x+1) 

First lower side frequency 

mE 

r(m+ 1)(mx+ x— 1) 

The other side frequencies can be determined by as-
signing appropriate values to n in (18). 
The indeterminate cases must be evaluated sepa-

(14)  rately: 

Case I  m = n,  (b.  cn) = x  (22) 

(15) m x  1 
Case II   n,  (b.-1-c.) =   sin rx(m—n) 

1— x  r(m— n) 

+ ( -) 4(1 - X)  (23) 

Case III  m= —n, (b',—c',)  X  x (24) 

sin rx(m+1) sin (co-27rµ)t.  (21) 

mx  1 
Case IV  =n, 1—x  i(14,—c•O=w(m+n) sin wx(m+n) 

(16)  +(—)"(1—x).  (25) 

The case of square-wave modulation is obtained by 
setting x=. This gives the result 

2  mx 
—  sin — (ir — 0) sin nOdO.  (17) 
w  1 — x 

When these results are substituted into (11), the 
spectrum is given by 

e = E , Ton — n)(mx — nx  n) 

mE 

where 

sin Tx(m — n) 

• sin (co + 2rnp)t  (18) 

E= amplitude of the wave 
m = modulation index =DIA 
D = maximum frequency deviation, cycles per 

second 
tc =repetition rate, cycles per second 
x =fraction of the time the frequency is at the 

extreme deviation D 
co =angular frequency of the carrier, radians per 

second 
t =time in seconds. 

When n =0, the carrier amplitude is given by 

Carrier = —  sin mrx sin wt.  (19) 
wffIX 

The side frequencies adjacent to the carrier are given 
by n = ±1 and are separated from the carrier by an 

"  2mE  7 
e= E  sin (m—n) — sin (co+ Irma)/ 
......., w(m2— n2)  2 

2E .  w 
=  sin in — sin cot 
win  2 

2mE 
,r(nt2_ 12) 

mir 
COS  {sin (c0-27rm)t—sin (w-I-27rµ)1) 

2 

2mE ir. in 
  sin  I sin (c0-47µ)1+sin (co-I-474)4 
w(m2-22)  2 

2tnE  mr 
—   cos  {sin (co — 6rp.)t— sin (co+6r1.1)t) 

ir(n2 — 32)  2 

+.... (26) 

This result, for x  agrees with that previously ob-
tained by van der Pol." 
The limits for the amplitudes of the side frequencies 

can be determined from the coefficients of (18). Thus, 
if m = Dh.c. 5, and if x=, the limit of the amplitudes 

becomes 

Amplitude limit =   
r(m — n)(mx — nx  n) 

20 

w(5 — n)(5 + 3n) 

14  Balth. van der Pol., "Frequency modulation," PROC. I.R.E., 
vol. 18, pp. 1194-1205; July, 1930. 

(27) 
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This curve is shown by Fig. 9. Actually, most of the 
side-frequency amplitudes will be less than this be-
cause of the first sinusoidal term of (18). As shown by 

Fig. 9—Limits for side-frequency amplitudes. 

Fig. 10, the amplitudes oscillate within the limits of 
the curve of Fig. 9. It may be easily seen that most of the 

I I 1/4 

Fig. 10—Spectrum for rectangular modulation. 

energy of the spectrum is concentrated about the fre-
quencies that correspond to the two limits of the devia-
tion. 

-Bandwidth Required for Rectangular Modulation 

Equation 18 shows that there is an infinite number of 
side frequencies in the spectrum of a frequency-modu-

too 
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Fig. II—Variation of bandwidth with modulation index. 

lated wave with rectangular modulation. As shown by 

Figs. 9 and 10, the amplitudes of these side frequencies 

decrease uniformly beyond the limits of the deviations. 
If the edges of the band are defined as the points cor-
responding to a limiting amplitude of 0.01E, the band-
width can be computed directly from (18). For the 

case of square-wave modulation, x =0.5, and the in-
crease in bandwidth with decreasing modulation index 
will be as shown by Fig. 11. If a more strict definition 
of bandwidth is required, curve B shows the width for 
the limiting amplitude 0.001E. Curve A is an accurate 
enough limit for most practical cases. 
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Fig. I2—Variation of bandwidth with modulation index. 

If the maximum deviation is for one-fourth the time, 
x=0.25, the curves of Fig. 12 show the corresponding 
limits of the bandwidth. Other sets of curves, for other 
values of x, can be computed from (18).  • 
It will be noted that the band does not end as 

abruptly with rectangular modulation as it did with 
sinusoidal modulation. The curves of Figs. 11 and 12 
are much farther apart than the corresponding curves 
of Fig. 5. 

THE SPECTRUM OF A CARRIER WAVE WHICH IS FRE-

QUENCY-MODULATED WITH A TRIANGULAR SIGNAL 

When a uniformly spaced series of parallel bars, each 
one unit wide, is scanned at a uniform rate with a 

APERTUDE.". PICTURE 

EL OIOIT 

Fig. 13—Scanning of picture element. 

rectangular aperture of unit width, as shown by Fig. 13, 
the resulting signal is proportional to the area of the bar 
covered by the aperture. The signal will have a tri-
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angular wave form, as shown by Fig. 14. During the 
time the aperture is between the bars, the output will 
be constant. As the aperture starts to cover a bar, the 

Fig. 14—Modulating signal. 

output increases linearly until the aperture covers the 
entire bar. As the aperture moves on, the signal de-
creases linearly until it reaches the previous constant 
value, and remains constant until the next bar is 
reached. If this wave form is used to modulate the fre-
quency of a carrier wave, the variation of the phase 

Fig. 15—Variation of phase angle. 

angle will be 27 times the integral of this curve of Fig. 
14, as shown by Fig. 15. The equation for this fre-

quency-modulated wave becomes 

e = E sin Ica + S(t)) 

= E sin cot cos S(t)  E cos cot sin S(t)  (28) 

D 17x(2 — x)0 — 021. 
S(1) =  0 5 0 5 7x (29) 

7x(2 — x) f 
D 5:47 —   rx 0 it.  (30) 
A-  I 2—x 

When S(t) is expanded in a Fourier series16 and (11) 

is used, the 

16  The integrals can be evaluated by the following process: 

fTr TX  

C OS (a02 00)d0 = f  cos a(0  2a)2 - 83/4a) dO 

= cos -r f  "  C OS  a(0  P/2a)'ld8 
4a o 

+ sin  _f " sin { a(8  13/2a)21 clO. 
4a 

Let 

Then 

where 

dv  
s a- (0 ± 13 /2a) = ± \A; and .s,/"Jt de  ±  _ • 20, 

J o Tx  7  -  COSI) d,  
cos la(0  W2a)31 do =. V — 2a v Vfx71 i  

P3 agn — ; v= sgn  • 
4a  4a 

The same transformation can be used on the second integral. 

amplitude of the nth side frequency 

1 02 [  12 
sgn  C {—}  cos —I sgn fi C {—IP } 

Nif;—ra  4a  4a  4a 

1 
 sin —432 [sgn 7 5 {12 1 — sgn /3 S 
V27«  4a  4a  4a 

1 
  sin (vyx  e)  (31) 
7 7 

and the 
amplitude of carrier 

2  02  a72X4 /32 

= V -277 — COS  [ C {  }  + c { —} ] 

ra  4a  4 

+  2 sin  (32 Fs i  alr2X4  2} ] 

V -277—ra  4« L l 4 }±  S {13 —4a 

where 

2 
— sin (77x ± 

a = 
rn  tn X 

1 =  + n 
2 — x wx(2 — x) 

— wtnx 
= n—in  =   

2— x 

(32) 

sgn 0 means the algebraic sign of 0, and the C and S 
functions are the Fresnel integrals 

1 p  Vt ostdt  1 f C(z) = -V2  _ = —  J_ 112 (t)dl  (33) 
7r 0 2 

1 f z sin t dt  1 
S(z)  0  -  = -J0 Jus(t)dt. 

V I  2  
(34) 

These integrals are tabulated over a considerable 

range."," 
The vertical lines of Fig. 16 show the spectrum for 

triangular modulation with a modulation index of 10. 
The dotted line is the Bessel function ./„(10); it gives 
the amplitudes of the side frequencies for the corre-
sponding sine-wave signal. During triangular modula-

" See Table V, pp. 744-745, of footnote reference 8. Tables of 
C(x) and S(x), x=0.02(0.02)1.00; 7D, and x=0.5(0.5)50.0; 6D. For 
list of errors, see J. W. Wrench, Jr., "Mathematical tables—Errata," 
Mathematical Tables and other Aids to Computation, vol. 1, pp. 
366-367; January, 1945. 

17  J. R. Airey, Sec'y., "Fresnel's Integrals, S(x) and C(x)," 
British Association for the Advancement of Science, Report of the 
Ninetv-fourth Meeting, 1926, pp. 273-275. Tables of C(x) and S(x), 
x=0.0(0.1)20.0; 6D. 
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tion, x=1, the frequency varies linearly from one ex-
treme of the frequency excursion to the other, while for 

04 

4410) 

X • I 

n 

Fig. 16—Spectrum for triangular modulation. 

sinusoidal modulation the frequency is near the ex-

tremes of frequency a greater portion of the time. As 
might be expected, more of the energy in the spectrum 
is near the ends of the swing for sine-wave modulation 
than for triangular modulation. 

Bandwidth Required for Triangular Modulation 

If the bandwidth is defined as the extremes of fre-
quency beyond which none of the side-frequency ampli-
tudes are greater than 1 per cent of the carrier ampli-
tude that would be obtained if the modulation were 
removed, the variation of bandwidth with modulation 
index can be computed from the equations for the side-
frequency amplitudes. Curve A of Fig. 17 shows how 
the bandwidth increases as the repetition rate is in-
creased. For a more precise definition of bandwidth, 
either curve B or curve C can be used. 
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Fig. 17—Variation of bandwidth with modulation index. 

If x is reduced to 0.1, the signal becomes a series of 
triangular pulses with blank spaces between. Most of 
the sideband energy will occur near the frequency which 
the carrier wave has between pulses, but the pulses 

will cause energy to be distributed on both sides of this 
frequency. Fig. 18 shows the spectrum for a modula-

I I  

—D .10 

X • 0 1 

Fig. 18—Spectrum for triangular pulse modulation. 

tion index of 10. The amplitudes decrease much more 
slowly than in the case of triangular or sinusoidal modu-
lation. 

CONCLUSIONS 

When a carrier wave is modulated in frequency, an 
infinite number of side frequencies is produced. As the 
modulation index is changed, the amplitudes of the 
side frequencies change .and the carrier is likewise re-
duced and may even become zero. Although the band-
width is theoretically infinite, in practice the side fre-
quencies gradually decrease in amplitude for frequencies 
beyond the extremes of the total frequency excursions. 
The bandwidth can be defined as the extremes of 
frequency beyond which none of the side-frequency 
amplitudes are greater than 1 per tent of the carrier 
voltage obtained when the modulation is removed. 

The bandwidth so defined always exceeds the total 
frequency excursion, but is nevertheless limited. For 
large modulation indexes, i.e., the deviation much 
greater than the repetition rate, the bandwidth ap-
proaches the actual variation in frequency and is only 
slightly greater. For small modulation indexes, the 
bandwidth may be several times the actual frequency 
excursion. Curves are given to show the bandwidth for 
modulation indexes from 0.1 to 10,000 for sinusoidal, 
square, rectangular, and triangular modulation. For a 
more precise definition of bandwidth, curves are also 
given for amplitude limits of 0.001E and 0.0001E. 
When several modulating tones are on simul-

taneously, the side frequencies are produced at fre-

quencies separated from the carrier by all combination 
frequencies that can be obtained by taking sums and 
differences of all the harmonics of the tone frequencies. 
The same curves can be used to determine the band-
width when several audio tones are used simultaneously, 
since the bandwidth will be equal approximately to the 
sum of the bandwidths for each tone separately. 
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The Influence of Amplitude Limiting and Frequency 
Selectivity Upon the Performance of Radio 

Receivers in Noise* 
W . J. CUNNINGHAMt, MEMBER, I.R.E., S. J. GOFFARDt, AND J. C. R. LICKLIDER§ 

Summary—This paper describes an experimental study of the 

relations which exist between the effectiveness of voice communica-
tion, measured in terms of the intelligibility of received speech, and 
the amplitude- and frequency-selective characteristics of amplitude-

modulation receivers. The results lead to the following conclusions: 
(1) Amplitude limiters are ineffective against fluctuation noise. 

Against impulse noise, however, they provide marked improvement 
in performance if they are incorporated in receivers with appropriate 

selectivity characteristics. 
(2) When no limiter is used, best performance in the presence 

either of fluctuation noise or of impulse noise is provided by nar-
row-band circuits, but the advantage of narrow-band circuits over 

wide-band circuits is small. 
(3) When a limiter is used, best performance against fluctuation 

noise is again provided by narrow-band circuits, and again the ad-
vantage of narrow-band circuits over broad-band circuits is small. 
For optimal reception in the presence of impulse noise, however, the 

selectivity curve of the circuits preceding the limiter must have 
gradually sloping skirts. When a limiter is used, therefore, advantage 
rests with broad-band rather than with narrow-band circuits. 

II. AMPLITUDE LIMITING 

The amplitude limiter used in the experiments was a 
simple series-diode circuit, incorporated into the receiver 
at a point immediately following the detector. A sche-
matic diagram of the limiter and its connection to the 
detector and to the cathode-follower output circuit is 
shown in Fig. 1. The limiter itself operates only upon the 
negative side of the audio wave, clipping off extreme 
negative peaks in the received signal. 

I. INTERFERENCE 

T
HE FLUCTUATION noise used in the experi-
ments was generated with the aid of a 6D4 gas tube 
and wide-band amplifiers. The spectrum, approxi-

mately uniform from 100 to 5000 kilocycles, covered the 
frequency range important for these tests, which were 
conducted at carrier frequencies of 465 and 520 kilo-

cycles. 
The impulse noise consisted of pulses of constant am-

plitude, spaced irregularly in time. The average number 
of pulses per second was approximately 1000, and the 
irregularity of spacing was such that there were few 1-
second intervals with less than half, or more than twice, 
that number of pulses. The spectrum of the impulse 
noise was approximately uniform from 100 to at least 
20,000 kilocycles. Noise with these characteristics was 
generated by an irregularly tr;ggered thyratron circuit 
which provided output pulses of approximately 0.02-
microsecond duration.' 

* Decimal classification: R261.51 XR361 .211 . Original manu-
script received by the Institute, July 12, 1946: revised manuscript re-
ceived, December 1, 1946. This work was begun uneer Contracts 
OEMsr-1441 and OEMsr-658 between the Office of Scientific Re-
search and Development and Harvard University, where it is con-
tinuing under Contract N5ori-76 with the United States Navy, Office 
of Naval Research, as a joint project between the Electronics Re-
search Laboratory (Project Order I) and the Psycho-Acoustic Labo-
ratory (Project Order II, Report No. PNR-15). 
f Formerly, Harvard University, Cambridge, Mass.; now, Yale 

University, New Haven, Conn. 
t Formerly, Harvard University, Cambridge, Mass.; now, Uni-

versity of Minnesota, Minneapolis, Minn. 
f Harvard University, Cambridge, Mass. 
1 C. J. Mullin and H W. Rudmose, Psycho-Acoustic Laboratory 

Report PNR-8, pp. 1-29; October 28, 1945. This report describes in 
detail the generator, Electro-Acoustic Laboratory Static Generator 
Model X-1, and may be obtained through the Office of Technical Serv-
ices, United States Department of Commerce, Washington, D. C. 
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Fig. 1—Schematic diagram showing the amplitude limiter and its 
connection to the detector. Identical limiting circuits were used 
in the two test receivers. Values of resistance are in megohms, 
values of capacitance in micromicrofarads. 

The action of the diode detector limits the positive 
swing at an amplitude level corresponding to 100 per 
cent modulation when the noise limiter is not connected. 
When the noise limiter is switched into the circuit, this 
positive-swing limitation is made more severe because 
part of the negative bias from R2 is thrown across RI. 
This bias shifts the amplitude at which detector limita-
tion takes place with the result that the detector clips 
the positive swings approximately as much as the noise 
limiter clips the negative swings. Thus, although the 
noise limiter uses only a single diode, the circuit pro-
vides full-wave limitation. In the main series of experi-
ments reported herein, the circuit was so adjusted that 
the limiting took place at an amplitude corresponding 
approximately to 50 per cent modulation. 

III. FREQUENCY SELECTIVITY 

The frequency-selective circuits used in the experi-
ments provided control over two characteristics of the 
selectivity curve: (1) the bandwidth, important in de-
termining the over-all level of the interference passed 
by the receiver; and (2) the slope of the skirts of the 
curve, important in determining the wave form of the 
output when the interference is impulsive. In order to 
obtain a wide range of control over each of these char-
acteristics, two test receivers were prepared. Receiver I 
was a laboratory set which consisted of a variable-band 
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radio-frequency amplifier and the detector and audio 
circuits shown in Fig. 1. Receiver II consisted of the 
(modified) intermediate-frequency amplifier of a Halli-
crafters SX-28-A receiver, followed by detector and au-
dio circuits which were duplicates of those in receiver I. 
Control over bandwidth was achieved by varying the 

coupling of the interstage transformers, and control over 
the slope of the .skirts of the selectivity characteristics 
by varying the dissipation factor (D -=1/Q) of the cou-
pling circuits. Actually, changes in coupling produce 
some effect upon slope and changes in Q produce some 
effect upon band ‘N idth, but these effects are secondary. 

RESPONSE N 
DECIBELS 

• 

- 
- 10 -$0 -t0 

DEVIATION FROM  MID -FREOUENCY iN KILOCYCLES 

Fig. 2— Frequency-selective characteristics of the test receivers. The 
curves labeled A, B, and Care three of the selectivity characteris-
tics which could be obtained with receiver 1. Those labeled D, E, 
and Fare three additional characteristics provided by receiver II. 

Selectivity characteristics representative of those pro-
vided by the two test receivers are shown in Fig. 2. 
Three of the curves (A, B, and C) were obtained with 
receiver I; the other three (D, E, and F) were obtained 
with receiver II. It was possible, with other adjustments 
of the test receivers, to provide other characteristics be-
sides those shown—in particular, to set up characteris-
tics with the same bandwidths at half-power but with 
different slopes, and characteristics with the same slopes 
but different bandwidths. 

IV. LISTENING-TEST PROCEDURE 

In studying the influence of amplitude limiting and 
frequency selectivity upon intelligibility, two types of 
listening tests were used: threshold tests and articula-
tion tests. Threshold tests were employed in preliminary 
experiments in order to determine, under a variety of 
experimental conditions, the signal-to-interference ra-
tios required for satisfactory reception of speech. Articu-
lation tests were then employed in the principal series of 
tests to provide, under a more restricted set of condi-
tions, quantitative measures of intelligibility. 

Threshold Tests 

In the threshold tests, meaningful paragraphs were 
read over the communication system to the listeners, 
who in some instances worked individually and in 
other instances as a group. The radio-frequency signal-
to-interference ratio was adjusted until the listeners 
could follow with little difficulty the sense of the para-

graphs. The signal-to-interference ratio thus deter-
mined is referred to as the "threshold of intelligibility." 

Articulation Tests 

In the articulation tests, the announcers read dis-
crete words instead of meaningful material, and the ob-
servers, listening in a group, wrote down the words as 
they heard them. The test vocabulary consisted of 1000 
monosyllabic words, organized into twenty 50-word sets 
approximately equal in difficulty. The words of each set 

were. "scrambled" to provide a large number of equiva-
lent test lists.' Each test word was read as part of the 
carrier sentence: "You will write   " The re-
sults of the articulation tests were expressed in terms of 
the percentage of the test words recorded correctly. Per-
centages for two talkers, each reading 50 words to the 
group of listeners, were averaged to determine the value 
of "per cent word articulation" for each experimental 
condition. 

The test setup shown in Fig. 3 was used for both the 
threshold and the articulation tests. 
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Fig. 3—Schematic diagram of test setup. The arrangement provided 
a speech-modulated carrier and either of two types of noise. The 
carrier and the noise were added in a resistive mixing circuit and 
applied together to the input terminals of the test receivers. An 
auxiliary receiver and noise meter, calibrated with the aid of the 
signal generator, were used in measuring the carder-to-noise ratios. 

Speech-modulated carrier: The amplitude-modulated 
carriers (520 and 465 kilocycles, 50 microvolts) were 
obtained by modulating a General Radio Type-805-A 
signal generator with a speech signal produced exter-
nally. The speech modulation was provided by two expe-
rienced talkers who read the test words into a carbon 
microphone (Navy Type RS 38-A) and monitored their 
speech at a level suitable for communication under ad-
verse conditions. The speech amplifier was adjusted to 
provide 100 per cent modulation of the carrier on the av-
erage instantaneous peaks of the speech wave. Both 
sidebands were used. 

Interference: Fluctuation noise and impulse noise were 
generated as described above. The intensity of the inter-
ference was controlled by a radio-frequency attenuator 
connected at the output of the interference generator. 
This attenuator permitted either continuous variation 
or variation in 5-decibel steps. 

The lists, known as the Psycho-Acoustic Laboratory PB Lists, 
were developed in connection with an extensive wartime program in 
which articulation tests were used to evaluate communication sys-tems. 
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Method of mixing: The speech-modulated carrier and 
the interference were mixed in a resistive network and 
fed separately (from isolating pads of 10 ohms output 
impedance through 100-micromicrofarad capacitors) to 
the test receivers and to the receiver used in measuring 
the signal-to-interference ratio. 
Signal-to-interference ratio: In the tests, the carrier 

intensity was held constant at 50 microvolts, and vari-
ous signal-to-interference ratios were obtained by vary-
ing the interference level. The intensity of the interfer-
ence (equivalent noise sideband input) was measured 
with an auxiliary receiver (Navy Type ARB, pass band 
approximately 10 kilocycles wide) and an output meter 
(RCA Type 302-B). The level was determined by sub-
stituting a carrier which was modulated 100 per cent at 
400 cycles and varying its intensity until it produced 
the same indication on the noise meter as did the inter-

ference.* 
Headsets and listeners: The audio amplifier of the test 

receiver was adjusted to deliver 5 milliwatts to each 
headset. The headsets, which consisted of Permoflux 
PDR-3 headphones mounted in small sponge-rubber 
cushions (MX-41/AR), provided approximately uni-
form response to 4500 cycles. With 5 milliwatts input, 
the output level was 115 decibels above 0.0002 dyne/ 

cm2. 
Except in some of the preliminary work in which the 

experimenters served as listeners, the listeners were a 
group of nine to twelve women who had, in previous 
experiments, made articulation scores which agreed 
very closely with those of a comparable group of men. 
The listeners were seated in a relatively quiet room ad-
joining that in which the test equipment was set up. 
They could neither watch the talker nor hear his voice 
directly as he read the test words. 

V. RESULTS 

corresponding to about 50 per cent modulation gave 
consistently good results, that adjustment of the ampli-
tude limiter was adopted as one of the two amplitude-
limiting characteristics to be used in the principal series 
of tests. The other characteristic, no amplitude limiting, 
was obtained by disconnecting the limiter. 
At the top of Fig. 4, the duration of the output pulses 

(measured at a level approximately 20 decibels below 
the peaks) has been indicated along a scale which paral-
lels the (lower) scale of half bandwidth. It is not clear 
from these data whether the significant relation is be-
tween performance (with limiter) and bandwidth, or be-
tween performance and pulse duration. In order to dis-
tinguish between bandwidth and pulse duration as fac-
tors influencing the effectiveness of amplitude limiting, 
threshold tests were conducted with several additional 
combinations of the adjustments of coupling and Q. 

Threshold-of-Intelligibility Tests 
The carrier-to-noise ratios required to reach the 

threshold of intelligibility in the presence of impulse 
noise (1000 pulses per second) with six different band-
widths and five different amounts of amplitude limiting 
are shown in Fig. 4. The selectivity characteristics were 
those shown in Fig. 2. Four of the clipping levels cor-
responded, as indicated in the figure, to 18, 32, 56, and 
100 per cent modulation, and the fifth was "no clip-
ping." Fig. 4 shows (1) that the minimum carrier-to-
noise ratio required for satisfactory reception was, in 
general, markedly lower when amplitude limiting was 
introduced than when it was not; (2) that the advantage 
provided by amplitude limiting depended markedly 
upon the width of the pass band; and (3) that the ampli-
tude level at which limiting took place was not, within 
the range tested, a critical factor. Inasmuch as a level 

3 Actually, the carrier set up to provide equivalent output was 
modulated only 56 per cent, and a correction was made by multi-
plying the carrier intensity by 0.56. 
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Fig. 4--Threshold-of-intelligib1lity curves showing the superior 
performance of broad-band circuits when used in conjunction 
with amplitude limiting against impulse interference. Perform-
ance is measured in terms of the carrier-to-noise ratio required 
for usable reception. The upper solid curve indicates that, when 
no limiter is used, slightly higher ratios were required with broad-
band circuits than with narrow-band circuits. But, as shown by 
the lower dashed curves, broad-band circuits were much the 
more effective when an amplitude limiter was employed. 

Some of these combinations provided equal bandwidths, 
as measured at the half-power points, but different pulse 
durations. Others provided equal pulse durations but dif-
ferent bandwidths. The results indicated clearly that, 
with a given type and amount of interference, the dura-
tion of the output pulses, as measured near the base of 
the pulse, is the primary factor in determining the effec-
tiveness of amplitude limiting. 
Using the variety of selectivity characteristics just 

described, threshold tests were conducted also with 
fluctuation noise. The differences between the thresh-
olds for the various selectivity curves were very small, 
and it was apparent that neither frequency selectivity 
nor amplitude limiting was markedly effective against 

fluctuation noise. 
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Articulation Tests 

The relationships obtained between per cent word 
articulation and carrier-to-interference ratio are pre-
sented in Figs. 5 and 6. These curves bear out the con-
clusions based on the threshold tests and afford more 
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significance only when the carrier-to-interference ratio 
is low. 

In the presence of impulse noise (Fig. 6), amplitude 
limiting is highly effective in improving performance if 
the frequency-selective circuits which precede the 
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Fig. 5—Results of articulation tests with fluctuaticn noise. Word articulation is plotted as a function of radio-frequency carrier-to-
interference ratio for the six frequency-selective characteristics shown. In the tests with the limiter (filled circles) the audio wave was 
limited sharply at the level corresprnding to 50-rer-rcnt trcdulaticn. In the tests in which the limiter was not used, theonly amplitude 
limitation was that introduced by the normal action of the detector. 
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Fig. 6—Results of articulation tests with impulse noise. These results were obtained with the same frequency-selective and amplitude-
limiting circuits as  those  shown  in Fig.  5, but  in  the presence of irregularly spaced pulses (average pulse-repetition frequency 1000 pulses per second) instead of fluctuation noise. 

quantitative indexes of the performance provided by 
the several combinations of frequency-selective and am-
plitude-limiting characteristics. 
In the presence of fluctuation noise (Fig. 5) the effect 

of amplitude limiting upon intelligibility is essentially 
nil, no matter what the bandwidth. Performance is bet-
ter with narrow-band coupling circuits than it is with 
broad-band coupling circuits, whether amplitude limiting 
is used or not; the advantage of narrow-band circuits is 
never great, however, and it appears to be of practical 

limiter have the (broad-band, low-Q) characteristics 
which are required to preserve the spike-like wave form 
of the pulses. 

In conjunction with narrow-band coupling circuits 
which broaden the pulses, amplitude limiting is rela-
tively ineffective. If no amplitude limiter is used, 
however, some advantage results from the employment 
of narrow-band coupling circuits. This advantage is 
roughly equivalent to that found in the tests with fluc-
tuation noise. 
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VI. DISCUSSION OF RESULTS 

Frequency Selectivity Without Amplitude Limiting 

In the presence of uniform spectrum noise, noise out-
put power is directly proportional to bandwidth.° It is 
therefore not at all surprising to observe that, in the 
presence of fluctuation noise or in the presence of im-
pulse noise when no limiter is used, narrow-band cir-
cuits provide better performance than broad-band cir-
cuits. But it is surprising to find that, even when band-
widths in the ratio of 1 to 20 are considered, the margin 
in favor of narrow-band circuits is to small. 
It must be noted that, in the experiments reported 

herein, not all of the broad-band noise output reached 
the listeners' ears because the earphones were relatively 
insensitive at frequencies above 5000 cycles. But sup-
plementary listening tests indicated that intelligibility 
was not noticeably changed when earphones with uni-
form response to 7500 cycles were substituted, and it is 
probable that it would not have been altered markedly 
if the headphones had passed the highest audio frequen-
cies in the detector output. The significant factor ap-
pears to be not the frequency response of the audio 
equipment but the "masking" in the listener's auditory 
system. It is well known that low-frequency sounds 
mask high-frequency sounds, but high-frequency sounds 
do not mask low-frequency sounds.° Noise components 
above 2000 cycles are, therefore relatively ineffective 
in masking speech, and noise components above 4000 
cycles may be disregarded in so far as influence upon 
intelligibility is concerned. The disadvantage of broad-
band receiving circuits is, in this respect, much less pro-
nounced than uncritical consideration of noise power as 
noise power—without regard to frequency—would sug-

gest. 

Frequency Selectivity and Amplitude Limiting 

to root-mean-square amplitude are, on the average, 
about equal, it is not surprising that amplitude limiting 
provides no marked improvement in performance 
against fluctuation noise. Against highly peaked impulse 
noise, on the other hand, limiters are effective because, 
simply by clipping off the peaks, a considerable reduc-
tion in noise intensity can be achieved with very little 
disruption of the speech wave—and low-Q coupling cir-
cuits maintain the abrupt, transient wave form of im-

pulse noise. 
The relation between the effectiveness of amplitude 

limiting and the bandwidth of the circuits which pre-
cede the limiter is thus a reflection of the relation be-
tween bandwidth and pulse duration.' The way in which 
pulse duration controls intelligibility when amplitude 
limiting restricts all of the output pulses to the same 
amplitude may, for practical purposes, be thought of as 
follows: Each pulse blanks out the speech signal during 
a short time interval. As the duration of the pulse is in-
creased, the disruptive effect upon intelligibility is in-
creased. As the duration is increased still further, each 
pulse fills up a considerable time interval and successive 
pulses start to overlap. When this occurs the inter-
ference loses the characteristics of impulse noise and 
takes on the characteristics of fluctuation noise. There 
is then no distinguishing characteristic on the basis of 
which the amplitude limiter may discrii thiate against 
the noise and in favor of the speech, and amplitude lim-
iting becomes ineffective. 
It is unfortunate that the type of selectivity charac-

teristic which is required in order to permit effective 
amplitude limiting in the presence of impulse noise is 
just the type of selectivity characteristic which is least 
effective in rejecting adjacent-channel signals. How-
ever, a certain amount of impulse interference is en-
countered even in the range of very-high frequencies in 
which it has not proved feasible to use narrow pass 

In considering the action of the amplitude limiter  bands. The present results would suggest, therefore, 

against interference, it is helpful to think in terms of am-  that very-high-frequency amplifiers be designed with  
plitude selectivity, i.e., of discrimination in favor of sig-  low-Q circuits rather than with staggered or over-
nal and against noise on the basis of some characteristic  coupled high-Q circuits. Furthermore, even in medium-

difference between the amplitude patterns of the signal  and  low -frequency  app lica tions  it is sometimes more 
and the noise. When the problem is considered in these  important  to  m inim ize  im pulse interference than to 
terms, it is apparent that amplitude selectivity can be  avoid adjacent-channel interference. In such an event, 
effective in improving performance only if a character-  a broad selectivity characteristic would be preferable to 
istic difference between the wave forms of signal and  a narrow one. 
noise exists. It is apparent, also, that for maximal ef-  The advantages of effective amplitude limiting can 
fectiveness the particular type of amplitude selectivity  perhaps be reconciled to some degree with the advan-
chosen must be one appropriate for the difference in  tages of a narrow over-all pass band by incorporating the 
wave form,  amplitude limiter into the intermediate-frequency sec-
Since both speech and fluctuation noise have continu-  tion of the receiver.° Or, the selective circuits of the re-

ous, irregular wave forms, and since their ratios of peak'  ceiver might be so arranged that their characteristics 

'John R. Carson, "Selective circuits and static interferenre,"  could be altered, perhaps automatically, in accordance 
Trans. A .I.E.E. (Elec. Eng., June, 1924), vol. 43 . June, 1924.  with the requirements for optimal handling of the re-

pp. 789-797;  

'S. S. Stevens and Hallowell Davis, "Hearing: Its Psychology  ceived wave. 
and Its Physiology," John Wiley and Sons, New York, N. Y., 1938. 

4 The term "peak amplitude" as used here should be qualified. I t is  7 Martin Wald, "Noise suppression by means of amplitude urn-
convenient to consider not the highest amplitude ever to be reached  iters," Wireless Eng., vol. 17, pp. 432-438; October, 1940. . 
bv the wave, but the highest amplitude to be exceeded some fixed  8 J. J. Lamb, "Silencing circuits for radio receivers,  United 
small percentage (e.g., 1 per cent) of the time.  States Patent No. 2,101,549. 
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Performance of Short Antennas* 
CARL E. SMITHL SENIOR MEMBER, I.R.E., AND EARL M . JOHNSON , SENIOR MEMBER, I.R.E. 

Summary—The purpose of this paper is to present experimental 
data on the performance of vertical antennas having a physical 
height of less than one-eighth wavelength. These data cover many 

conditions of top loading performed on a 300-foot, self-supporting, 
tapered vertical tower with measurements of antenna resistance and 
reactance from 120 to 400 kilocycles. For these conditions, field-
intensity measurements were made to determine the unattenuated 
field intensity at one mile over a frequency range from 139 to 260 
kilocycles. Field-intensity measurements along eight radials were 
made to determine the horizontal pattern and root-mean-square field 
intensity. 

The best results are obtained when adequate top loading is used 
in conjunction with a good ground system. Such top loading increases 
the value of the radiation-resistance component and lowers the 
capacitive-reactance component of the driving point impedance. 
Since the loss resistance remains essentially constant with various 

types of loading, the radiation efficiency of the antenna is materially 
improved by raising the value of the radiation resistance. Increasing 
the radiation resistance and lowering the capacitive reactance both 
tend to lower the effective Q of the antenna circuit. In w4de-fre-
quency-band applications a low value of Q is very important. 
With short antennas having a small resistance and a large 

capacitive reactance, extra precautions should be taken to minimize 
base insulator losses. With high humidity, mist, fog, or rain the input 
loss resistance of a short unloaded tower may increase several times 

over its normal dry value. Extensive ground systems and high-Q 
loading coils are also of prime importance. 

I. INTRODUCTION 

AREVIEW of the literature regarding vertical 
antennas reveals that most investigations in the 
past few years have been made on antennas hav-

ing a height of from one-eighth wavelength to the order 
of one-half wavelength. " Most of these studies have 
been directed toward improving broadcasting coverage 
by increasing the ground-wave signal and reducing the 
fading caused by the sky wave. 
In the past, it has been rather common practice at the 

low frequencies to use antennas about one-quarter wave-
length in height, where possible, or to use loading of the 
T or inverted-L types for very short antennas. It has 
been the opinion of the authors for some time that other 
types of top loading would be practical. It is the purpose 
of this paper to discuss this problem ard to report on a 
series of experiments that were made to prove or dis-

Decimal classification: R320. Original manuscript received by 
the Institute, July 25, 1946; revised manuscript received, December 
2, 1946. 

Formerly, Office cf Chief Signal Office', United States Army; 
now, United Broadcasting Company, Cleveland, Ohio. 

Formerly, Office of Chief Signal Officer, United States Army; 
now, Mutual Broadcasting System, New York, N. Y. 
I W. L. McPherson, "Electrical properties of aerials for medium 

and long wave broadcasting," Elec. Commun., vol. 16, pp. 306-320; 
April, 1938; and vol. 17, pp. 44-65: July, 1938. 
'G. H. Brown, R. F. Lewis, and J. Epstein, "Ground systems asa 

factor in antenna efficiency," PROC. I.R.E., vol. 25, pp. 753-787; 
June, 1937. 
'C. E. Smith, "A critical study of two broadcast antennas," 

PROC. I.R.E., vol. 24, pp. 1329-1341; October. 1936. 

prove the validity of top loading to improve the per-
formance of short antennas. 

II. THEORETICAL CONSIDERATIONS 

1. Vertical Patterns 

An antenna of infinitesimal height, assuming no loss, 
will radiate a field having an intensity of 186 millivolts 
per meter at one mile in the horizontal plane for 1.0 
kilowatt input. An antenna one-eighth wavelength in 
height under similar conditions provides 189 millivolts 
per meter at one mile, an improvement of only 1.6 per 
cent. A one-fourth wavelength antenna has a field in-
tensity of only 195 millivolts per meter at one mile, which 
is an improvement of 4.8 per cent over an antenna of 
infinitesimal height. The vertical patterns have essen-
tially the same semicircular shape, which accounts for the 
horizontal fields having nearly the same strength. 

2. Power Radiated and Dissipated 

In actual practice the above theoretical values of the 
field intensity can not be realized because of loss resist-
ance in the conductors of the antenna and coupling net-
work, finite conductivity of the ground system, and di-
electric losses in the insulators. Due to the fact that the 
radiation resistance approaches zero as the height is re-
duced and the loss resistance increases due to the dielec-
tric losses in the base insulators, the efficiency of the 
antenna system must approach zero. 

The ratio of power radiated to power input to the an-
tenna system can be taken as the criterion of over-all 
performance of the antenna system. In equation form: 

PR 
antenna system efficiency = —  100 per cent 

Pr 
(1) 

where PR = antenna power radiated in watts and Pr 
=antenna-system input power in watts. 
The power radiated from the antenna can be deter-

mined by measuring the unattenuated root-mean-square 
field intensity at one mile and comparing it with the 
theoretical unattenuated field intensity which can be 
computed for a given antenna configuration. Thus, 

P  =  1000 [ T -  
E .  

where E.= measured unattenuated field intensity at 
one mile in millivolts per meter for 1.0 kilowatt input 
and Et= theoretical unattenuated field intensity at one 
mile in millivolts per meter for 1.0 kilowatt input. 
The antenna-system input power can also be consid-

ered as the transmitter output power since the input 
power supplies the losses in the antenna-system coupling 

(2) 
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network between the transmitter terminals and the an-
tenna as shown in Fig. 1. The total power lost in the 

Trans mitter 

Antenna  Coupling 

Net work 

A 

Pu 

P al. 

P GL 

ANTENNA  y.. 5.y_STEA 

PI  PA  PL 

Fig. 1—Power in various parts of the antenna system. 

antenna system can be expressed as follows: 

Pr, = PNL ± PAL + PDL  (3) 

where FL = total power lost in the antenna system 
measured in watts, PN1  =antenna-system coupling-net-
work power lost measured in watts, PAL =antenna-re-
sistance power lost measured in watts, Pin,= insulator-
dielectric power lost measured in watts, and PGL= 
ground-system power lost measured in watts. 
The power lost in the antenna-system coupling net-

work can be determined by measuring the input and 
output power and using the equation: 

PNL = PI — PA (4) 
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The reactance of a short antenna is capacitive and 
becomes larger with decreasing height. An approximate 
formula is 

where PA=antenna input in watts measured at the 

antenna terminals as shown in Fig. 1. 
The power lost in the antenna itself, PAL, in the in-

sulator dielectric, PDL, and the ground system, POI., 
can be lumped together and determined from the fol-
lowing equation: 

PA  PR = PAL + PDL  POL• (5) 

3. Antenna Impedance 

For an antenna without top loading that is shorter 
than one-eighth wavelength (45 degrees), the radiation 
resistance is small and approximately proportional to 
the square of the height. A useful approximation is 

k2 

RR = 312 

where RR =base radiation resistance in ohms, and 
h= height of antenna in degrees. 
This equation has been plotted (see Fig. 13) to show 

its accuracy as compared with the theoretical radiation-
resistance curve for a thin vertical wire with sinusoidal 
current distribution. Equation (6) gives fair accuracy 
up to one-eighth wavelength. Above this wavelength 
the values are too low. As the top loading is increased 
the slope of the radiation-resistance curve increases and 
this approximation loses its accuracy. 

(6) 

Zo cot h  (7) 

where X, =base capacitive reactance in ohms, Z0 60 
(lo ah/r) —1) ohms, h =height of antenna in degrees,. 
and r =radius of antenna in degrees. 
This equation assumes a uniform cross-section tower 

with sinusoidal current distribution and no shunting 
insulator capacitance at the base. 

4. Antenna-System Performance 

The performance of a nondifectional antenna system 
depends upon the vertical directivity gain of the an-
tenna and the losses in the system. For short antennas 
the directivity gain will not change appreciably from 
one condition to another so long as there is not a re-
versal of current on the antenna. The vertical pattern 
for most cases will be somewhere between that of an 
infinitesimal antenna and a quarter-wave antenna. 
The term "antenna system" is used in this discussion 

to include the coupling network between the transmitter 
and the antenna proper as shown in Fig. 1. It is im-
portant to include this network since its losses Pin 
may be an appreciable factor in determining the over-all 
efficiency of the antenna system. In both the theo-
retical and practical case, as the antenna is made 
shorter the radiation resistance decreases and the 
capacitive reactance increases. To transform this an-
tenna impedance to a value that will properly load the 
transmitter, it is common practice to insert a coil in 
series with the antenna that will neutralize the capaci-
tive reactance and leave enough inductive reactance 
so that a capacitor in parallel will antiresonate the cir-
cuit to give the desired value of impedance for the trans-
mission line or transmitter as the case may be. The losses 
in this network can be determined by capacitor (3). 
Since the loss in this network may be large for very short 
antennas, it is desirable to take measures to increase 
the antenna terminal resistance and lower the capaci-
tive-reactance component. Both of these conditions 
are improved by proper top loading of the antenna. 
The power PAL lost in heating the antenna itself will 

usually be quite small providing the conductor surface 
is large, the antenna-tower members are thoroughly 
bonded and the material of the tower is itself a good 
conductor. In any event, it would be difficult to separate 
this loss from that of the ground-system loss Paz, and 

the insulator loss PDL. 
During the course of these experiments, measure-

ments indicated that the reactance of the base insu-
lator was small in comparison to its loss-resistance com-
ponent. Under these conditions the power lost in the 
insulator PDL may be considered separately if it is first 
considered that the equivalent circuit of a short an-
tenna consists of a resistance R and a capacitive re-
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actance X in series, as shown in Fig. 2(a). The resistance 
R is assumed to be made up of all resistances as meas-

Z r119 

Z e —ix 

(c) 

Fig. 2—Equivalent circuits for determining power loss in base insu-
lators: (a) assuming no insulator loss, (b) insulator shunting an-
tenna terminals with resistance RDL, and (c) insulator effective 
series loss resistance /2'+X /RDL . 

ured at the antenna terminals except the insulator loss 
resistance. The impedance of this circuit is given by, 

Z1 = R — jX.  (8) 

If the antenna circuit is shunted with a lossy insu-
lator represented by a resistance R DL, the circuit be-
comes that shown in Fig. 2(b), with impedance Z2 given 
by 

R2RDL  + X2RDL FRDL2 - jXRDL2 
(R + RDL) 2 + X2 

In practice the insulator loss resistance R DL is usually 
very much greater than the resistance R and the re-
actance X, so that the equivalent circuit may, to a very 
close approximation, be represented by Fig. 2(c) and 
the equation for Z2 simplifies to, 

R 2 +  X 2 

RDL  R — jX. • (10) 

Comparing (8) and (10), it may be seen that they 
differ only in the term (R2-FX2)/RDL, the insulator effec-
tive series loss resistance. Since the antenna current I 
must flow through both resistances, (R2+X2)/RDL  and R, 
the power is divided between them and the power lost 
in the insulator P DL is given by 

R 2 +  X 2 
P DL =  J2  

(11) 
R DL 

220 

530 
40 

The percentage of the antenna input power PA lost in 
the insulator is equal to 

P DL 

100 

1+  RRDL  
R2 + X2 

(12) 

An adequate ground system is of extreme importance 
where short antennas are employed. The per cent power 
loss for various types of buried-copper-wire radial 
ground systems, expressed as a function of antenna 
height for an unloaded tower, is shown in Fig. 3. These 
curves are derived from field-intensity measurements 
made in the standard broadcast band and on file with 
the Federal Communications Commission and from 
those shown in the paper of Brown, Lewis, and Epstein.2 
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Fig. 3—Per cent power loss in the ground system for various lengths 
of buried-copper-wire radials, as identified on the cut yes, plotted 
as a function of antenna height for the indicated number of radials. 

The effect of conductivity in the immediate vicinity 
of the transmitter becomes very important when poor 
ground systems are used. Under such conditions the 
losses still be different from those shown in Fig. 3, which 
are for average soil conductivities. On low frequencies, 
where physical limitations may prevent the installation 
of an ideal ground system, careful selection of trans-
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mitter sites is essential. Whenever possible, a site having 
a high conductivity for the first few miles should be 

selected. 
It should be noted that these curves have been pre-

pared for an unloaded vertical tower. Where top loading 
is used, it is necessary to determine the radiation re-
sistance for that structure and select an unloaded tower 
having a height that will give the same radiation re-
sistance. The equivalent unloaded height is then used 
to estimate the power lost in the ground system. This 
procedure assumes that the ground-loss resistance ROL 
remains constant for loaded and unloaded towers. Al-
though there is some change in RGL  with loading, it is 
generally not of sufficient magnitude to alter the results 

appreciably. 
Preparation of the curves to indicate the per cent 

power loss in the ground system allows direct addition 
of this loss in (3) for determination of over-all antenna-

system loss PL. 
For a given quantity of copper wire, less loss will 

occur if the ground radials are made in the order of 0.4-
wavelength long rather than placing this same quantity 
of wire in a greater number of shorter radials. Due to the 
physical dimensions of a 0.4-wavelength ground system, 
it may not always be practical to install slich a system. 
Where the number of ground radials is limited, the use 
of a ground screen will improve stability as well as re-

duce losses. 
In many applications of radio, the effective Q or 

bandwidth of the antenna circuit is of greater signi-
ficance than the efficiency of the system. The bandwidth 
of the antenna may be determined from the resistance 
and reactance measurements made at the base of the 
tower. If the bandwidth is considered to be the fre-
quency band within which the power is equal to or 
greater than one-half the power at resonance, then in 
equation form 

2RA 
=  d X  (13) 

df 

where Af =bandwidth in kilocycles between half-power 
points, RA = measured antenna resistance in ohms, and 
dX1df= slope of reactance curve at resonant frequency. 
This equation assumes a generator impedance of zero 

ohms. When the generator is matched to the antenna 
circuit, the effective bandwidth will be doubled. 

III. EXPERIMENTAL DATA 

the bridge. A Hammarlund receiver with two low-fre-
quency bands was used as the bridge detector. The oper-
ating frequency was measured with a type SCR-211 
frequency meter. 
In making the measurements over a range of fre-

quencies from 120 to 400 kilocycles, care was taken to 
get accurate values of the resistance component. Cor-
rections were made to take into account the loss in the 
capacitor placed in series with the unknown. The loss 
of this capacitor varied considerably over the frequency 
range. The generator signal was unmodulated and the 
null point was determined by the dip of the "R" meter 
in the Hammarlund receiver. 

2. Determination of the Unattenuated Root-Mean-Square 
Field Intensity at 1 Mile 

The initial tests were made on a 300-foot self-sup-
porting tower without top loading. A photograph of this 
tower with the eight umbrella wires connected is shown 
in Fig. 4. The ground system installed consisted of 500 
buried-copper-wire radials out to a distance of 75 feet, 
and 250 buried-copper-wire radials out to a distance of 
400 feet. To measure the performance of this antenna, a 
rather complete survey was made to determine the 
unattenuated root-mean-square field intensity at one 
mile when operating on a frequency of 170 kilocycles. 
Top-loading conditions were then referred to this un-
loaded condition of operation. 

1. Impedance-Measuring Equipment 

A General Radio type 516-C radio-frequency bridge 
was modified with a type 578-C low-frequency trans-
former and a ratio arm with 1000 ohms in each arm to 
give better sensitivity in this frequency range. A spe-
cially constructed composite oscillator having an out-  The antenna was driven with a type BC-191 trans-
put up to 25 volts was used as the generator voltage for  mitter. The field-intensity measurements were made 

Fig. 4—View of WHK's 300-foot tower with the 
eight umbrella wires in place. 
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with a Radio Corporation of America type 308-A field-
intensity meter mounted in a four-wheel-drive carry-all 
truck. This truck was also equipped with two-way 
radio-communication equipment. 
In order to determine the power radiated, field-in-

tensity measurements were made along 8 radials. A 
plot of the measurements along the respective radials 
was used to determine the unattenuated field intensity 
at one mile. From these data the horizontal pattern 
was constfucted as shown in Fig. 5. 

1030 

FIG. 5—Plot of unattenuated field intensity at 1 mile: frequency, 
170 kilocycles; antenna, 300-foot self-supporting tower with top 
loading; ground system, 500 radials under asphalt pavement out 
75 feet, plus 250 radials out 400 feet; impedance, 2.5—j 465 ohms; 
antenna current, 3.8 amperes; and root-mean-square field, 17.9 
millivolts per meter. 

3. Ratio Method of Determining the Root-Afcan-Square 
Field Intensity for the Tower with the 30-Foot-Dian- eter 
Capacitive Hat 

The capacitive hat was connected to the top of the 
tower through the contacts of a relay which could be 
readily controlled from the tuning house at the base of 
the tower. Resistance and reactance measurements for 
both conditions were made over the frequency rapge 120 
to 400 kilocycles. Field-intensity measurements were 
then made at a few established points along each radial, 
first with the capacitive hat on and then with it off. The 
work was speeded up with the aid of two-way radio 
communication between the tuning house and the field 
car. Enough measurements were made to establish  ac 
the fact that the horizontal patterns were essentially  Fi 
the same for both conditions of operation. At 170 kilo-
cycles and with the same input current the field in-  lenn 
tensity with the capacitive  hat was  11 per  cent  greater  co  
than for the tower withou t top  loa ding.  fro  

October' 

4. Ratio Method of Determ ining  the Root -Mean -Square  

Field Intensity for the Various Conditions  of Opera -
tion over a Frequency Range  

To determine the per formance  for  numerous  condi-
tions of loading, a re ference  r oint  was  se lecte d 1.5  miles  
from the antenna . Field-intens ity  measurements  were  
made at this point on  the follow ing  frequenc ies:  139,  
150, 159, 170, 183, 193, 230, an d 260 kilocycles,  for  
each condition of loa ding . Dur ing  these  measurements,  
the antenna current was  ma inta ine d at  3.0  amperes  or  
the field measuremen ts were  correcte d to  correspond  
to this valve of antenna curren t. This met hod gives  a 
check on measuremen ts at  a given  frequency  in addition  
to adding the frequency -range  parameter.  
Field-intensity measurements  ind icated  that  the  

horizontal pattern  rema ins  su bstantially  unchanged  
from the condition  of zero  top  loading;  hence,  the  un-
attenuated root-mean -square  field intens ity  at  one  mile  
and the radiation  res istance  can  be  computed  over  a 
frequency range  for  eac h con dition  of  top  loading.  

5. Top Loading  with Eight Umbrella  Wires  

The loading affor ded by the use  of  the  30-foot-
diameter capac itive  hat,  although  increasing  the  power  
radiated, did not  aprear  to  offer  the  optimum  degree  of  
loading. The mec han ical  difficulties  involved  in en-
larging the size  of the. hat  made  such  a procedure  im-
practical. As a means  of increasing  the  amount  of  load-
ing, eight um bre lla wires  were  fastened  between  the  
top of the tower  an d ground.  These  wires  were  uni-
formly spaced in the hor izontal  plane  and  were  made  
taut by means of bloc ks and  tackles  fastened  to  stakes  
driven in the groun d 350  feet  from  the  center  of  the  
tower. Each wire was  bro ken  with  insulators  at  regular  
intervals. By oren ing  and  shorting  pertinent  insu-
lators, it was poss ible to  vary  the  length  of  these  wires  
so as to presen t different  amounts  of  top  loading.  Two  
types of umbre lla loa ding  were  tried.  The  first  involved  
varying the leng th of the eight  umbrella  wires,  so  that  
their lengths were  100,  200,  300,  375,  and  450  feet.  The  
second involved connect ing  the  outer  or  free  enas  of  the  
umbrella wires  with a wire skirt  and  varying  the  radial  
length to 100, 200, an d 300  feet.  
Resistance, reactance,  and  field-intensity  measure-

ments were made over a frequency range for each of the 
nine conditions  of um brella  loading.  The  radiation  re-
sistances were  determ ined  and  are  plotted  along  with  
the measured base  res istance  and  reactance  in Figs.  6 
and 7. A sketch of the installation  is shown  on  each  
curve. For com par ison  poses, the va lues  of  re-
tance have been  rep lotted  as  families  of  curves  in 
gs. 8 and 9. 
If the measure d base  resistance  is plotted  against  
gth of umbrella wires  for  the  lower  frequencies,  

siderable variation will be observed. This arises 
m the fact that resistance measurements for the 
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various amounts of loading were made on different 
nights under different weather conditions, and thus at 
variable values of insulator dielectric loss PDL. 
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Fig. 8—Reactance curves of inverted-L- and T-type antennas com-
pared with various lengths of eight umbrella wires, with skirt wire 
connecting the outer extremity, used as top loading on a self-
supporting tower. 
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Fig. 9—Reactance curves of inverted-L- and T-type antennas com-
pared with umbrella-type loading with eight radial wires of vari-
ous lengths, as indicated. 

Fig. 10 gives the calculated percentage of antenna 
input power PA lost in the insulator-dielectric loss re-

lit LIiULI II Lii 
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sistance RDL as a function of the amount of loading at 
a number of frequencies and for a number of assumed 
values of leakage resistance for the measured tower. The 
diagrams in this figure demonstrate the importance of 
having insulators with low leakage resistance when 
using antennas with high base reactance and low 
radiation resistance. 
'The tower insulators consisted of six porcelain com-
pression members and two bakelite strain members at 
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Fig. 10—Per cent antenna input power lost in base insulator versus 
length of eight umbrella wires for various values of insulator 
leakage resistance shunted across measured base impedance of 
antenna at low operating frequencies. 

each of the four tower legs. The insulators were in 
need of maintenance since the surface of the bakelite 
strain members had become rough and dirty from ex-
posure to the weather. Measurements were made of 
actual leakage resistance to determine the order of 
magnitude of insulator leakage resistance which may 
be encountered in practice v, ith dirty insulators when 
adverse weather conditions exist. 
Under particularly bad foggy or sleety weather con-

ditions, the series base resistance at 170 kilocycles was 
measured to be 12.8 ohms; whereas the measured value 
under dry conditions was only 2.8 ohms. The measured 
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reactance was 391 ohms and was not appreciably dif-  loaded with a nonradiating capacitive hat has been cal-
ferent than under dry conditions. This increase in base  culated for a number of conditions as shown in Fig. 13. 
resistance represents an equivalent insulator leakage  The formula for these calculations is given in the figure. 
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resistance RDL of approximately 15,000 ohms, as de-
termined by solving for RDL  in (10). The fact that the 
insulator leakage was responsible for this effect was 
definitely ascertained by throwing a pitcher of water on 
one of the base insulators and observing the measured 
base resistance increase from 2.6 to 7.6 ohms at 130 kilo-
cycles. This represents an insulator loss resistance of 
approximately 200,000 ohms. Insulator leakage losses 
can be kept at a minimum by the selection of proper 
insulators and regular maintenance. In this connection, 
the use of heated insulators having water shields and 
surfaces which tend to prevent the formation of water 
films may prove beneficial. 
At standard broadcast frequencies, where the base 

resistance of this tower is comparatively high and the 
reactance low, the dielectric losses in the insulator are so 
small that they are of no practical importance. 
The effective bandwidth has been calculated for 

each condition of umbrella loading. Since the Q of the 
antenna-loading coil will alter the results, the calcula-
tions have been made for coils having a Q of co, 200, 
and 100. A plot of bandwidth versus length of umbrella 
wires for frequencies of 120, 170, 230, 290, and 350 
kilocycles is shown in Fig. 11. From these curves'it can 
be seen that, for maximum bandwidth, the optimum 
length of umbrella wires is dependent upon both the 
frequency involved and the Q of the loading coil. 
The field-intensity measurements have been analyzed 

and the radiation resistance calculated for the above 
five frequencies. A plot of the resistance versus length 
of umbrella wires for each of these frequencies is shown 
in Fig. 12. It is interesting to note that the degree of 
top loading which produces maximum radiation re-
sistance is essentially independent of frequency. 
The radiation resistance of a thin, vertical wire top-

These curves have been prepared to show the correla-
tion with the experimental results plotted in Figs. 6 
and 7. It will be noted that for the unloaded tower the 
radiation resistance curve is approximately a squared 
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Fig. 12—Radiation resistance for various conditions of 
umbrella top loading. 

function up to 45 degrees. As the degree of top loading 
is increased, the radiation resistance increases at an 
exponential rate greater than the squared power. 
The unattenuated field intensity at one mile has been 

determined for each condition of top loading for the 
frequencies 120, 170, 230, 290, and 350 kilocycles. A 

300 
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plot of the unattenuated field as a function of length 
of umbrella wires for loading coils having Q's of co , 200, 
and 100 is shown in Fig. 14. In viewing these curves, it 
is necessary to keep in mind that the ground system as 
well as the antenna increases in electrical length with 
increasing frequency. 

The amount of gain to be realized from top loading of 
a short antenna is dependent upon the losses in the 
system. If there are no losses in the system, the gain in 
field intensity is negligible. However, with optimum 
top loading at 120 kilocycles, the experimental results 
indicate that, when using a loading coil having a Q of 
100, a gain of 6.5 decibels, which is equivalent to a power 
increase of 4.5, is realized. On 350 kilocycles, using a coil 
having the same Q, the gain is 2.6 decibels, or a power 
increase of 1.8. 

The results indicate that substantial gains in power 
radiated and bandwidth acceptance can be realized 
with umbrella-type loading on short towers. It is an 
easy and inexpensive way to buy power and improve 
performance. The placing of a wire skirt around the 
outer end of the umbrella wires shortens the radial 
length of the umbrella wires required to produce a 

.1111 ”•1 

24 

4 

•••• 

........... 

.... 

particular result, as shown in Figs. 11, 12, and 14. 
Where high powers are involved, a wire skirt is a useful 
method of reducing corona losses. Another method of 
accomplishing substantially the same results would be to 
increase the number of umbrella wires. Also, if the size 
of the umbrella wires is increased, the corona loss will 
be further decreased. The formation of wire cages is a 
common method of increasing the effective size of con-
ductors. The construction and maintenance of an um-
brella with a wire skirt is more difficult than increasing 
the number or size of umbrella wires. 

6. Top Loading by Means of Inverted-L- and T-Type 
Antennas 

Inverted-L- and T-type antennas were erected be-
tween two 300-foot towers spaced 410 feet apart. The 
height of the vertical lead of the inverted-L-type an-
tenna was 290 feet and the T-type was 280 feet. The 
length of the flat-top in each case was 350 feet. Re-
sistance, reactance, and field-intensity measurements 
were made for both types of antennas. A plot of the 
resistance and reactance measurements is shown in Fig. 
15. At the lower frequencies, where loading afforded by 

PLOT OF  RESISTANCE AND REACTANCE MEASUREMENTS  : 

on 

On 'nye, tecl - L type ontenno suppotted• between 
2- 300- toot towers spaced 4 o - feet opr 
on shown In sketch 
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.... ... ... 
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FREQUENCY  IN KILOCYCLES PER SECOND 

Fig. 15(a)—Plot of resistance and reactance measurements for an inverted-L- type antenna. 
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the 350-foot flat-top is inadequate, the reactance com-
ponent of both the inverted-L- and the T-type antennas 
is appreciably higher than that offered by umbrella-
type loading. This is as expected, since the character-
istic impedance of a thin wire is much higher than of a 
tower having considerable cross section. Where wide-
band transmission is of importance, the cross section 
of the antenna should be as large as practical. The 
bandwidth of both the inverted-L- and T-type antennas 
have been plotted as a function of frequency in Fig. 16. 
The field-intensity measurements, indicate that, over 

the frequency range considered, the unattenuated field 
for both the inverted-L- and T-type antennas were in-
ferior to the optimum afforded by umbrella-type loading 
as shown in Table I. Had a larger flat-top been used, 
the efficiencies of the various types of loading would 
probably be about the same. However, the bandwidth 
afforded by umbrella-type loading will be superior 
unless cages having dimensions comparable to a tower 
are used. Both the inverted-L- and T-type antennas 
require the installation of two towers. In addition to 
the extra cost involved, there are certain other disad-
vantages of requiring two towers. As pointed out early 

10 _ 
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0  25 50  75 
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in this paper, it is important to have an area of good 
conductivity immediately surrounding the antenna. In 
certain instances, it might be possible to erect a single 
tower where an effective salt-water ground would pre-

TABLE I 

FIELD INTENSITY AT ONE MILE FOR 1.0 KILOWATT ON 
170 KILOCYCLES FOR LOADING COILS HAYING Q's AS 

INDICATED 

Type of Antenna Q= co Q=200 Q=100 

Inverted L 103 78.5 66 

T 115 76.6 61.4 
Tower with no loading 94 67 56 
Tower with optimum 
umbrella loading 125 104 92 

vail but, due to physical limitations, it might not be 
feasible to install a second tower with the required 
separation. In the case of the inverted-L-type antenna, 
there is also the problem of radiation from the flat-top. 
When the length of the flat-top is less than the height of 
vertical lead and the combined electrical length is less 
than 90 degrees, the radiation from the flat-top will be a 
small percentage of the total power radiated. 

" 
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Fig. 15(b)—Plot of resistance and reactance measurements for a T-type antenna. 
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FREQUENCY'  IN IOLOCTCAES 
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Fig. 16—Bandwidth for various conditions of inverted-L- and T-type antennas. 

7. Top Leading With Capacitive Hat and Coil 

To increase the degree of loading afforded by the 
30-foot diameter hat, a coil was connected between the 
capacitive hat and top of the tower. This coil had a Q of 

approximately 100 and an inductance range up to 1.9 
millihenries. The amount of coil inserted was varied 
by means of a slider connection. Resistance, reactance, 
and field-intensity measurements were made at 170 kilo-
cycles for each condition of loading. A plot of the meas-
ured base resistance and reactance and the radiation 
resistance at 170 kilocycles as a function of the amount 
of reactance in the coil is shown in Fig. 17; the un-
attenuated field at one mile has been plotted against the 
reactance of the top-loading coil in Fig. 17. It is seen 
that an increase in power radiated is obtained by in-
serting a small portion of the coil. However, on increas-
ing the amount of coil, the antenna efficiency is reduced. 
Above a certain quantity of coil the reflected loss re-
sistance more than offsets the gain made by increasing 
radiation resistance. Unless a coil having a Q consider-
ably greater than 100 is used, the results obtained do not 
appear to justify such an installation. Similar measure-
ments were made for the coil between the tower and the 
100-foot umbrella wires connected with a wire skirt. A 
plot of these measurements is also shown in Fig. 17. 
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Time Modulation* 
BRITTON CHANCEL SENIOR MEMBER, I.R.E. 

Summary —The techniques of time modulat on and demodula-
tion have been extensively developed in the past five years fcr radar 
range-finding, pulse communication, and data transmission. This 
paper presents a brief review of the basic processes employed in time 
modulation and gives representative examples of practical circuits. 
In military applications considerable emphasis has been placed upon 
high precision, and many methods for achieving a linearity and sta-

bility of 1 part in 10, are available. 

T
ii E PROBLEMS of radar range-finding have led 
to many extensions and improvements in the 
well-known physical techniques employed in the 

measurement of the velocity of light and the height of 
the ionosphere. Especially significant improvements 
have been made in methods for the variation of the 
time interval between two randomly recurring wave 
forms. Accurate control of this interval in response to 
signal information is the process of time modulation 
and is the subject of this paper. The generation of pairs 
of time-modulated pulses requires, in all cases, non-
linear circuit elements for achie% ing abrupt discon-
tinuities in timing wave forms. Since such circuit ele-
ments often are used to select portions of a timing wave 
form, the operation is called amplitude selection. A 
related problem is that of marking the instant of 
equality of two voltages (one of which may be a timing 
wave) by a pulse. This process is termed amplitude com-
parison. Since these two processes are basic in time 
modulation and both depend upon the properties of 
nonlinear circuit elements, some of the idealized types 
will be presented. 
Fig. 1 shows the well-known nonlinear characteristic 

of the ideal diode. This nonlinear characteristic, which is 

S. 

Fig. 1—The ideal broken-line characteristic 
of a diode. 

exhibited at the cutoff point of many thermionic tubes 
and contact rectifiers, is termed a "broken-line" char-
acteristic. Its use in the selection of the amplitudes of a 
wave which are less than or which exceed a given ampli-
tude is well known as the process of separation or limit-
ing, and a typical example is illustrated in Fig. 2. Diode 
VI is used to select the positive portions of sinusoidal 

• Decimal classification: R148.6. Original manuscript received by 
the Institute, July 17, 1946; revised manuscript received, November 
12, 1946. This paper is based on work done for the Off,ce of Scientific 
Research and Development under Contract No. OENIsr-262 with the 
Massachusetts Institute of Technolcgy. 

Formerly, Massachusetts Institute of Technology, Cambridge, 
Mass.; now, Medicinska Nobelinstitutet, Biokemiska Avdelningen, 
Hantverkaregatan 3, Stockholm, Sweden. 

wave (a) which exceed its cathode potential. A more 
general term for this process is, therefore, amplitude 

selection. 

I., 
• 100 —• 

to  •   

Fig. 2—A diode amplitude selector. Positive excursions of sinusoidal 
wave (a) excev( ing the cathode potential of diode VI are selected 
as indicated in (b). Approximately Weal operation is obtained for 
input amplitudes of a few hundred volts. 

A nonlinear characteristic which permits the selection 
of amplitudes lying between two bounds is illustrated 
in Fig. 3, and the characteristic obtained at the grid of 

Fig. 3—The broken-line characteristic obtained at the grid of a triode 
or pentode. 1 he characteristic is broken at two points: (a) near 
cutoff, and (b) near the grid-current pcint or. in the case of a 
pentode, near the "bottom" of the pentcde characteristic. 

a triode or pentode is often employed. The application 
of this circuit to selecting the portions of a sinusoidal 
wave lying between two limits is well known as clipping 
or squaring, and is represented in Fig. 4. The pentode is, 
of course, more useful for this purpose, since the upper 

Is 1 
St 

o- -111 

Ile 

Fig. 4—A pentode circuit for amplitude selection between two limits: 
cutoff, and bottoming. The sinusoidal wave form (a) is selected 
between these limits as indicated in (b); the excursions of the plate 
extend from the supply voltage to a few volts positive with respect 
to the cathode. Screen resistor R3 is necessary to avoid excessive 
current when the plate "bottoms." 

b) 

limit is not necessarily set by grid current but may be 
set by "bottoming" of the plate. The selection of por-
tions of sinusoidal wave (a) between two limits is indi-
cated in (b). 
This characteristic may be obtained with a pair of 

diodes as in Fig. 5 and has the advantage that the break 
in the characteristic is more abrupt than that of Fig. 3, 
and furthermore the characteristic may be symmetrical 
about the point 0-0, as shown in Fig. 6. The selection 
of portions of irregular wave (a) lying between the 
limits E1 and E2 is shown in (b) of Fig. 5. 
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The cutoff point of triodes and pentodes is poorly 
defined, and variations of ± volt with time may be 
expected. Variations in excess of  volt may be ex-
pected on changing tubes. In addition, the cutoff point 
depends upon the cathode temperature. For these rea-
sons the broken-line characteristic exhibited at the grid 

10 

ea 

Fig. 5—A double-diode amplitude selector. Portions of wave (a). are 
selected between the limits -FEE and —.E3, giving rectangular 
wave (b). 

of a vacuum tube is rarely used where high stability is 
required. The reproducibility and stability observed at 
the plate of a diode is considerably better, and drifts 
of contact potential may be held to considerably less 
than a few tenths of a volt, providing the heater volt-
age is stabilized. The symmetrical characteristics have a 
major advantage in this respect, since variations in con-

Fig. 6—The symmetrical broken-line characteristic, passing 
through the point 0-0. 

tact potential are partially compensated. The ger-
manium crystal appears to be extremely promising for 
precision applications, and preliminary experiments 
indicate that it may be at least an order of magnitude 
more stable than the thermionic diode. 

(0) 

(0) 

). —at  (c) 

Fig. 7—Amplitude selection of a portion of a triangular wave form. 
The portion of triangular wave (a) is delayed by an interval Ai as 
indicated in (b). Further amplification and differentiation convert 

• (b) to a sharp pulse (c). 

The amplitude selection of a portion of a triangular 
wave form is one of the basic processes in electrical time 
measurement. If, for example, the triangular wave of 
Fig. 7(a) is applied to the diode amplitude selector V1 

of Fig. 8, in which the cathode potential Ekk is biased 
positively with respect to ground, a time delay At be-
tween the initiation of the triangular wave and the selec-
tion of portion (b) of Fig. 7 will be defined. Furthermore, 
for an accurately linear rise of triangular wave (a) and 
an abrupt discontinuity of the broken-line characteristic, 

(I) 

(0) 

(10) 

IC) 

Fig. 8—Diode amplitude selector and comparator. Fig. 8(a) shows a 
diode amplitude selector with a variable reference potential Ekkr 
for obtaining a time-modulated pulse. Fig. 8(b) shows an ampli-
tude comparator depending upon a wide-band regenerative ampli-
fier. The output of diode amplitude selector VI is amplified and 
fed back regeneratively by means of pulse-differentiating trans-
former TE, which gives a hysteresis or backlash characteristic. 

the time delay At will be linearly related to the control 
voltage Ekk. The slope discontinuity of the selected 
portion of the triangular wave is seldom abrupt enough 
for accurate time measurements, and the wave is there-
fore converted into a pulse or step by wide-band re-
generative or nonregenerative amplification, as shown in 
Fig. 7(c). A generalized circuit for obtaining such a 
pulse is indicated in Fig. 8(b), where the output of a 
wide-band amplifier is coupled back to the plate of V1 
in a regenerative fashion. Since transformer T1 is usually 
a "differentiating transformer," it may determine the 
duration of the pulse of Fig. 7(c). 
The over-all characteristic of the circuit of Fig. 8(b) 

for a time short compared to the time constant of Ti 
is indicated in Fig. 9. The output voltage is zero until 
amplitude selection occurs in V1 and the loop gain of 
the feed-back amplifier exceeds unity. At this time 
regeneration occurs, and rapid transition to a new state 
is indicated. The break in the characteristic is much 
morc abrupt than that obtainable without amplification. 
On the other hand, the positive feedback leads to a 
backlash or hysteresis effect, and the characteristic 
often takes these names. 

E,, 

Fig. 9—The hysteresis or backlash characteristic. An abrupt change 
of the output level occurs when the input voltage exceeds the 
cathode potential of the diode amplitude selector. 

A large number of circuits have this characteristic, 
and they may be called "flop-over," "flip-flop," "pick-
off," or "trigger" circuits. But it is proposed here to de-
fine the process as that of indicating the moment of 
equality of two wave forms, and to name the circuit 
components accomplishing this function "amplitude 
comparators" regardless of the means by which the 
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. abrupt discontinuity of characteristic is obtained. The 
methods for obtaining these discontinuities range from 
blocking-oscillator circuits to wide-band nonregenera-
tive amplifiers. But the latter type of circuit is relatively 

Rafwenc.s 
vot ax 

Fig. 10—An amplitude comparator for a negative-going wave. Ti is a 
pulse-differentiating transformer. 

inefficient compared to some regenerative amplifiers. 
A practical circuit for indicating the instant of 

equality of a negative-going triangular wave and a refer-
ence voltage is indicated in Fig. 10. Cathode voltages 

4 - - TIMING WAVE GENERATOR 

+250V REG. 
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Chance: Time Modulation  1041 

rate at which V2 cuts off. For wave forms of several 
hundred volts amplitude, the instant of equality of the 
wave form and the reference voltage is indicated with a 
short-time stability exceeding 0.1 per cent. The practice 
of using the diode characteristic of V1 for amplitude 
selection in place of the grid characteristic of V2 is well-

(4I 

101 

Fig. 11—Electrical time modulation of the spacing beta een the refer-
ence pulse and the pulses occurring at /land 42 in accordance with 
the variation of the reference voltage of an amplitude comparator 
from V1 to V. 
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Fig. 12—An accurate time modulator employing a positive-going triangular wave and a diode amplitude selector and regenerative 
amplifier for amplitude comparison. For the particular constants indicated, this circuit covers a range of 250 microseconds 
with a linearity of better than 0.1 per cent. 

of VI less than the reference voltage will cause conduc-
tion of the diode and cutoff of the normally conducting 
amplifier V2. The transformer windings of T1 are ar-
ranged so that a fall of the cathode potential of V2 causes 
a fall of the cathode potential of VI and increases the 

established in these circuit techniques. This circuit' is 
called the "Multiar." 

1 F. C. Williams and F. J. U. Ritson, "Automatic strobes and re-
currence frequency selectors," presented, Institute Electrical Engi-
neers Convention, London, England, March, 1946. 
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A variation of the reference voltage of the amplitude 
comparators of Fig. 8(b) and Fig. 10 gives a linear 
variation of the time delay between the initiation of the 
triangular wave form of Fig. 11(a) and the output pulse 
of Fig. 11(b). This variation of the interval between 
two pulses or between two portions of a rectangular 
wave form is termed time modulation, and the earlier 
pulse is called the "reference pulse." Since triangular 
wave forms of extremely high linearity (1 part in several 
thousand) may be generated with relatively simple cir-
cuits, an over-all linearity of modulation of this order of 
magnitude is readily obtained from an accurate ampli-
tude comparator. 
Repetition of the timing wave form at a rapid rate 

compared to signal variations gives a time-modulated 
carrier useful for precise data transmission or high-
fidelity communication. The range or percentage modu-
lation is usually limited between 75 and 90 per cent of 
the repetition interval, owing to the recovery time of the 
wave-form generator and associated circuits. 
Fig. 12 represents a circuit for an accurate time modu-

lator which has been used for range measurement's in con-
junction with methods presented in a companion paper.2 
T1, Ts, and T3 form a negative rectangular switching im-
pulse which initiates the operation of a linear sawtooth 
generator consisting of T4, T5, and To. The amplitude 
comparator consists of diode amplitude selector T7 and a 
wide-band amplifier, T9, TO, T11, and T12. The linearity 
of this sawtooth is 1/10 per cent or better and it has an 
amplitude of roughly 150 volts. Its slope is, of course, 
determined by the 1-megohm wire-wound resistor and 
the 0.002-microfarad mica capacitors. Complete details 
of this type of sawtooth generator will be found else-
where.2 
The sawtooth is connected to the plate of a diode 

amplitude selector T7 whose cathode potential is set 
by means of the grid voltage of the cathode follower Te. 
The selected portion of the sawtooth instantly initiates 
the operation amplifier T9, Tie, T11, and T12, giving an 
index which marks the time of equality of the modulat-
ing signal and the triangular wave form. The duration 
of the output pulse is 0.2 microsecond and its rise time 
is between 0.02 and 0.05 microsecond. The over-all 
linearity of a system of this type is as good as the 
linearity of the timing wave form, which is 0.1 per cent, 
and the stability, in spite of moderate variations of tem-
perature, time, and voltage, is 0.2 per cent. This parti-
cular circuit has a full range of modulation of 250 micro-
seconds. 
This circuit is designed for the solder-in vacuum tube, 

type 6K4. The whole unit is calibrated for the particular 
vacuum tubes with which it has been built, and upon 
failure of a vacuum tube, the complete unit which is 

'Britton Chance, "Time demodulation," PROC. I.R.E., vol. 35, 
pp. 1045-1049: this issue. 

° Radiation Laboratory Series, "Waveforms," McGraw-Hill Book 
Co., New York, N. Y., 1947; vol. 19, chap. 7. 

replaced will, of course, have already been calibrated 
for its particular vacuum tubes. Unless this procedure 
is employed, variations on changing vacuum tubes may 
run as high as 0.4 per cent full scale. 
A much simpler but considerably less accurate method 

of electrical time modulation depends upon a cathode-
coupled multivibrator,4 shown in Fig. 13. In this multi-
vibrator, Va is normally conducting, and operation is 
initiated by a positive pulse applied to the grid of VI., 
which cuts off Va and generates a triangular wave form 
at.its grid. The operation of the circuit is now identical 
with Fig. 11, since the time at which 1719 recovers de-
pends upon its cathode potential, which is set byEl. Thus 
a variation of El produces waves of variable duration at 
the plate of Va. Differentiation of this rectangular wave 
form will give an output corresponding to that obtained 
in Fig. 11. Since only a small sawtooth is generated 

I, ) 

+250 

(a) 

(0) 

Da010.-
nvdv10160 
wor*foern 

T, pg./  of 

rearenet  pu ,s, 

Ow 0? 00 
modu,a,ed 
rove 

RZ I 0 oco-

(1:1) 

Fig. I3—A multivibrator for producing a time-modulated rectangu-
lar wave. A time-modulated pulse is readily obtained by differ-
entiation and amplitude selection. 

(20 to 30 volts) and amplitude selection occurs at the 
grid of a triode, the stability of this circuit is but 1 or 2 
per cent. Its linearity is, however, considerably better 
than this. 

The use of time modulation for obtaining phase modu-
lation was recently pointed out.6 The reverse process is 
a well-known radar technique, as the next section indi-
cates. 

TIME MODULATION THROUGH PHASE MODULATION 

Time modulation in response to mechanical signals 
can be obtained in the previous case by controlling the 

'See chapter 13 of footnote reference 3. 
•j. F. Gordon, "A new angular-velocity-modulation system em-

ploying pulse techniques," PROC. I. R.E., vol. 34, pp. 328-335; June, 
1946. 



1947  Chance: Time Modulation  1043 

reference potential of the amplitude computer by means 
of a linear potentiometer. There are a number of very 
useful devices for time modulation which can only be 
controlled mechanically. 
The first of these devices depends upon phase modula-

tion of sinusoidal or other wave forms. A number of 
phase shifters have been used; for example, the two-
phase to one-phase synchro supplied with sinusoidal 
currents in quadrature gives a voltage which shifts 
phase continuously in accordance with the mechanical 
signal, as indicated in Fig. 14. Similarly, a capacitance 
phase shifter supplied with three-p.hase voltages will 
give continuous phase shift, as indicated in Fig. 15. An 
extremely useful and versatile phase shifter is the circu-

M . sin .1 

Meeherned 

Minef signal 

Fig. 14—A synchro used for continuous phase modulation. An ac-
curacy of somewhat better than degree is obtained with Bendix 
autosyns. 

lar sweep or type-J cathode-ray-tube display. It is 
useful for manual measurements when the signal is ap-
plied as a radial deflection by means of a center elec-
trode (type 3DP1). In all these devices linearities of 

A On at 

signal ingot 
• sinfet•5401  A 'W O* 1201 

(b) 

Fig. 15—A three-phase variable capacitor used in phase modulation. 
An accuracy of approximately 1 degree is obtainable. 

The generation of a time-modulated pulse from the 
output of the phase shifters of Figs. 14 and 15 is carried 
out by an amplitude comparator using a fixed reference 
voltage, as shown in Fig. 16. A time-modulated pulse is 

approximately 1 degree (0.3 per cent) are obtainable* 
as compared to 0.1 per cent for the electrical time 
modulators. Since phase-shift methods are less linear, 
more complicated, and unsuitable for direct electrical 
control, they are rarely used as a single-scale time-meas-
uring device. Their use is restricted to an important 
class of time modulators employing multiple scales for 
extremely high precision, and these are discussed later. 

TWO-PHASE.PULSED-

SiruSOiDAL TIMING 

WAVEFORM 

PHASE 

MODULATOR 

T.. ME-

AmPL iTuDE   MODULATED 

COMPARATOR  PULSE 

Fig. 16—Block diagram of the use of a phase shifter in 
time modulation. 

readily obtained from a circular trace on a cathode-ray 
tube by a photocell pick-off (type 931). 

DEVICES DEPENDING UPON WAVE-
PROPAGATION VELOCITY 

A second class of electromechanical time modulators 
depends upon the velocity of propagation of electric or 
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Fig. 17—Electromechanical time modulation obtained 
from an electrical delay line. 

acoustic waves through various media. The simplest 
type is shown in Fig. 17. A pulse is applied to the input 
terminals of a distributed-parameter delay line. A high-
impedance probe moved in accordance with a mechan-
ical signal determines the delay of the output pulse 
with respect to the input pulse. 

erase bloc* 

Recrprong crystal 

Transmitting crystal 

IPPUf 

Plase 

Fig. 18—Electromechanical time modulation obtained from 
a supersonic delay tank. 

Similar devices depend upon the propagation velocity 
of supersonic waves through liquids. In Fig. 18 a super-
sonic transmitter mounted on a lead screw is movable 
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with respect to a receiver to vary the time delay of the 
output pulse with respect to the input. Extremely high 
accuracy may be obtained with this system. For ex-
ample, in a tank 30 inches long an accuracy of one part 
in 8000 is achieved. ° Much longer delays and higher pre-
cision are obtained in more recent supersonic delay 
lines.7 

The most common and the most accurate method of 
time modulation employs the propagation velocity of a 
radio wave as in a radar system, as shown in Fig. 19. In 
this case, the mechanical movement of a reflector with 
respect to the transmitter varies the duration of the 
interval between the transmitted and received pulse. 
The accurate demodulation of this information is pre-
sented in a companion paper.° 

Fig. 19—Time or range modulation obtained in a radar system. 

MULTIPLE-SCALE SYSTEMS 

Accurate subdivision of the range of modulation is 
accomplished by a train of fixed pulses synchronized 
with the pulse-repetition frequency of the time-modula-
tion system. These pulses, derived from a continuous 
crystal or pulsed inductance-capacitance oscillator, are 
of more than adequate accuracy for most requirements. 
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Fig. 20—Block diagram of a double-scale time-modulation system. 
The over-all accuracy is roughly the product of that of the coarse 
and fine scales. The two scales are geared together at an appropri-
ate ratio so that a single control of the time-modulated pulse is ob-
tained over the full range of modulation. 

The over-all accuracy is therefore increased by the 
number of subdivisions employed, as any one of the 
circuits described above may be used to interpolate 
between any desired pair of fixed pulses. But a more 

A Bell Telephone Laboratories development for the Model SJ 
radar.  • 

7 Radiation Laboratory Series, "Electrical Time Measurements," 
McGraw-Hill Book Co., New York, N. Y., 1947; vol. 20, chap. 12. 

advantageous method depends upon continuous phase 
modulation of the sinusoidal timing wave, as is shown in 
Fig. 20. A train of pulses generated as already indicated 
in Fig. 16 may be phase-shifted over the full range of 
modulation, as shown in Fig. 21. A particular member 
of the pulse train is selected by a coarse time-modulation 
system covering the entire range. This is preferably of 

(0) 

oog1 of fro)Ou I of Ion 

Fig. 21 —Wave-form diagram of the double-scale time-modulation 
system. The pulses at the recurrence frequency are shown in (a), 
the phase-shifted sinusoid in (b), and the phase-shifted pulse train 
in (c), (d) shows the triangular timing wave form, (e) the selector 
pulse, and (f) the selected member of the phase-shifted pulse train. 
The rate of travel of (c) and (e) are equalized by the gear ratio 
and the scale factors of the coarse scale. 

the type shown in Fig. 12, and the scale factors are ad-
justed so that the rate of the selector pulse from the 
coarse scale is approximately equal to that of the fine 
scale. The selected pulse is then continuously variable 
over the whole range in response to a single control. The 
circuit has a theoretical accuracy equal to the product 
of that of the coarse and fine scales (one part in 360,000), 
but accuracies of one part in 50,000 are achieved in 
practice.° 

No multiple-scale systems are suitable for a control by 
a single electrical modulating signal, but this rarely 
causes difficulties as the information usually demodu-
lated is slowly varying as, for example, in the case of a 
radar echo. 
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Time Demodulation* 
B MTTON CHANCEt, SENIOR MEMBER, I.R.E. 

Summary—The demodulation of the signals imparted to carriers 
by the process of time modulation is an essential process of radar 
range finding, pulse data transmission, and communication. This pa-
per describes methods for precision demodulation which depend 
upon a time modulator operating in synchronism with the input in-
formation, a time-discrimination element, and negative feed-back 
connections to control the local time modulator to reproduce the 
modulating signal in an electrical or mechanical form. Accuracies 
are usually set by the bandwidth of the radio link and may be 5 parts 

in 10' or better. 

INTRODUCTION 

I
N A COMPANION paper,' the principles and 
methods of time modulation have been discussed. 
The companion process, time demodulation, defined 

as the process by which information is obtained from a 
time-modulated wave about the signal imparted in 
modulation, is described here. 
The greater accuracy requirements of radar range-

finding have led to relatively restricted use of the de-
modulation methods commonly used in amplitude- or 
frequency-modulation systems. Direct demodulation of 
signals is rarely employed and negative-feedback meth-
ods have been developed to a high degree of accuracy. 
Usually time-modulated information is transmitted by 
variations in the interval between two pulses; the first 
termed the reference pulse, and the second, the time-
modulated pulse. Radar information is, of course, of 
this form, where the interval between the transmitted 
and received pulses bears information on the target 
distance. These circuits are used for automatic time 

Fig. 1—Radar video signals, containing time-modulated pulse A 
due to target motion. Pulse B is the transmitted or reference 
pulse. 

demodulation or range tracking to obtain accurate and 
continuous information for navigation, bombing, and 
fire control. In such cases the range of modulation cor-
responding to the maximum target distance is many 
times the pulse duration (,,, 1000 times), and special 
methods responsive to only one echo and accurate over 
the whole range must be employed. In addition, inter-
ference and noise are serious, and the repetition interval 

• Decimal classification: R148.6. Original manuscript received by 
the Institute, July 17, 1946; revised manuscript received, November 
12, 1946. This paper is based on work done for the Office of Scientific 
Research and Development under Contract OEMsr-262 with the 
Massachusetts Institute of Technology. 

Formerly, Massachusetts Institute of Technology, Cambridge, 
Mass.; now, Medicinska Nobelinstitutet, Biokemiska Avdelningen, 
Hantverkaregatan 3, Stockholm, Sweden. 

1 Britton Chance, "Time modulation," PROC. I.R.E., vol. 35, pp. 
1039-1044; this issue. 

of the carrier is usually variable. A typical input signal 
is indicated in Fig. 1 and is representative of signals re-
ceived in radar range-finding or pulse data-transmission 
systems, operating either at the limit of their range or 
in the presence of interference. 

GENERAL DESCRIPTION OF A NEGATIVE-FEEDBACK 
TIME DEMODULATOR 

Illustrated in Fig. 2 is a block diagram of a typical 
negative-feedback time demodulator. The time-modu-
lated input signals are generated. for example, by the 
motion of a reflector in a radar system, or in response to 
signal inputs to a data-transmission system. Synchro-
nism between this time modulator and the demodulator 
system is achieved by the time-reference pulse (B) 
which is readily available in radar systems and is trans-
mitted along with the time-modulated signal in data-
transmission and communication systems. This refer-

Time 

modulator 

 1_.... Time modulated 
pulse 

Control 

signal 

Time 

discriminator 

Time modulated signal (A) 

Reference W u (8) 

Fig. 2—A negative-feedback time demodulator. The error signal from 
the time discriminator may be used to control the Cme modulator 
automatically. 

ence pulse initiates the operation of a local time modu-
lator to which the input signals are to be compared. The 
output of the local time modulator and the time-modu-
lated input signal are connected to a time-discriminating 
circuit, the output of which is a voltage indicating the 
sign and approximate magnitude of the time difference 
between the input pulses. This "error" signal may con-
trol the local time modulator directly or may operate a 
servomechanism if mechanical output is desired. 
In communication or data-transmission systems the 

reference pulse B is obtained by pulse-recurrence-fre-
quency selection, often involving control of a frequency-
modulated oscillator by a time discriminator. 
The precision of this process can be made extremely 

high, since it depends only upon the modulation char-
acteristics of the local time modulator, and, as indicated 
in the previous paper,' this may be made 1 part in 1000 
for single-scale systems or 1 part in 50,000 or better for 
multiple-scale systems. 
One of the great advantages of the time-modulation— 

demodulation systems is the fact that amplitude dis-
tortions do not give rise to errors. However, adequate 
bandwidth is essential lest amplitude variations be 
converted into time variations in the receiver. It has 
been found desirable to employ rapidly acting auto-
matic-gain-control circuits to minimize amplitude fluc-
tuations. 
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NONLINEAR CIRCUIT ELEMENTS USED IN TIME 
DISCRIMINATION AND DETECTION 

The time modulators useful for this purpose have 
been described.' Time discriminators, while operated as 
null indicators in these systems, depend upon two im-
portant operations: time selection and detection. The 

SIGNAL 
INPUT 

let 

SELECTED 
OUTPUT 

Co, 

Fig. 3—Multigrid-tube time selector with negative feedback. The 
waveforms indicate, on the top line, the signal input ;on the second 
line, the selector pulse: and on the third line, the selected output. 
The anticoincident signal produces a nearly negligible effect in the 
output, and the desired pulse is reproduced with reascnably gcod 
linearity. Typical values for the components are: R1=15,000 
ohms, R6 = 30,000 ohms, R6 = 62,000 ohms, En = —6, En = —42, 
VI= type 6AS6. 

first is essential not only to protect the discriminator 
from interfering signals but also to give sensitive indica-
tions of the overlap of the input pulses. The second con-
verts the pulse to a steady voltage suitable for control of 
the time modulator. 
Time selectors depend upon the characteristics of an 

important class of nonlinear circuit elements. An ex-
ample is indicated in Fig. 3, where the process of time 
selection is carried out. A time-modulated input signal 
is connected to control grid g, and the output of the 
local time modulator to the suppressor grid gi. Both of 

rg, 

Fig. 4—A nonconstant double-valued characteristic. The particular 
values indicate the characteristic obtainable from the type 6AS6. 

these electrodes normally have fixed negative bias. If 
both pulses are simultaneous, the signal is reproduced 
in the plate circuit as indicated by the wave 'form of 
Fig. 3, which indicates the excellent linearity of this 
circuit. Fig. 4 gives in case (a) the transfer characteristic 
of the time selector with respect to the signal applied to 
gi in the absence of the potential applied to g3, and it is 
observed that the transconductance of gi is substantially 
zero. If, however, a potential is applied to ga, a finite 
transconductance is obtained as indicated in curve (b). 
Thus the circuit of Fig. 3 has a multivalued character-
istic. The characteristic should not, however, be non-
linear, since faithful reproduction of the selected signal 
is required. 
This circuit has been called a "coincidence," "sepa-

rator," "switch," or "pip-selector" circuit, but the name 
time selector is proposed since its purpose is entirely 
analogous to that of the amplitude selector previously 
described.' The actuating pulse, often called a "gate" or 
"pedestal," is termed the selector pulse. 
The quality of nonlinearity differs markedly from the 

broken-line characteristic used for amplitude selection. 
As before, linear operation is obtained for two slopes of 
the transfer characteristic, but the discontinuity does 
not exist in the characteristic of the input electrode; it is 
dependent upon a second signal operating upon another 
electrode. The term "multivariable" more accurately 
describes this circuit element than does the term "non-
linear." 

(b) 
Spool (a) 

sow« p01141E4 

(0) 

Fig. 5—Time selecticn by additicn and amplitude selecticn. The sig-
nal and selector pulses (a) and (In, ar'eed as shcm n in (c), aream-
plitude-selected at (d). As is characteristic of these circuits, an 
unwanted pulse prececing the eesircd pulse appears in the output. 

Imperfect simulations of this characteristic are ob-
tained by addition of signal and selector pulses and 
separating the signal by amplitude selection, as indi-
cated in Fig. 5. This circuit has the obvious disad-
vantage that large values of the signal can appear in the 
output regardless of the presence of the selector pulse, as 
shown by the signal preceding the desired one. 
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Fig. 6—Adjacent time selectors. The selector pulse is split into two 
adjacent pulses (b) and (c) of equal duration by delay line Lt. 
Portions of the input signal (a) are selected at the plates as indi-
cated at (d) and (e). 

Many other combinations of circuit elements have 
useful multivariable characteristics and are described 
in detail esem he: e.' 

Time discrimination requires an indication of the 
sense and the approximate magnitude of the time dif-
ference between the input signal and the local time-
modulated signal. This is accomplished in a pair of time 

2 Radiation Laboratory Series, "Waveforms," McGraw-Hill Book 
Co., New York, N. Y., 1947; vol. 19, chap. 10. 
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selectors, employing, for example, the circuit of Fig. 6. 
The time-modulated input signal is applied to control 
grids of both tubes. A double selector pulse is obtained 
by means of an electric delay line giving rise to a second 
selector pulse adjacent to the first one, and the outputs 
at the plates of VI and V2 represent the portions of the 
input wave overlapping the two selector pulses, as indi-
cated in the diagrams of Fig. 6. Alternatively, the signal 
may be split into two parts by a delay line. 
Subtraction of the amplitude of the output of the dif-

ferential time selector is accomplished in what may be 
called a difference detector, indicated in Fig. 7. Negative 
pulses from 171 or V2 will respectively cause an increase 
and decrease of the potential of C'. The net potential of 
C' will depend upon the difference of the amplitude or 

(iP 

—  

Fig. 7—A difference detector and memory circuit. The difference 
of the areas of the selected pulses (d) and (e) of Fig. 6 is measured 
on capacitor C' and smoothed by a storage circuit. 
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SIMPLIFIED NEGATIVE-FEEDBACK TIME DEMODULATOR 

The discussion of highly precise time demodulators is 
beyond the scope of this paper, but an example of a 
simplified circuit is included here to illustrate the general 
principles of operation. Fig. 8 indicates the use of the 
double-triode delay multivibrator for a time modulator 
and a combined time selector and difference detector for 
a time discriminator. The range of modulation is be-
tween 2 to several hundred microseconds, and the ac-
curacy is roughly 1 per cent. The circuit is designed to 
operate with 4-microsecond pulses at a pulse-recurrence 
frequency of roughly 1000 per second. It will, however, 
maintain proper operation in spite of the possible loss 
of a number of these pulses as a result of interference 

or fading. 

area of these pulses, depending upon the relative values 
of the circuit components. The value of the difference 
of these two pulses is sustained during the repetition 
interval by the memory circuit, composed of V6 and C. 
Furthermore, bias applied to the plate of 114 and the 
operating potential of the grid of V6 is such that the 
input voltage is disconnected from C' in the absence of 
output from VI and 172. Sensitivities of about 100 volts 
per microsecond misalignment are obtainable in such cir-
cuits with pulses rising in 0.1 microsecond. 
The output of this circuit is suitable for direct control 

of an electrically controlled time modulator which ad-
justs the position of the selector apertures to follow the 
modulation of the input signal exactly. In this case,rapid 
response and smooth oreration a-e obtained. The ac-
curacy is, however, limited by the time modulator to a 
few parts in 103. For higher accuracy, mechanical con-
trol of a multiple-scale system is obtained through a 

servomechanism. 
The stabilization problems involved in this type of 

negative-feedback loop are similar to those found in 
other systems. The intermittency of the input data gives 
rise to interesting problems. Nevertheless, the principles 
of band shaping apply equally well to these systems, 
as to those operating with signals of more continuous 
nature. A detailed analysis of the stabilization of these 
systems is given else% here 3 '4 

$ F. C. Williams. and F. J. U. Ritson, 'Automatic strobes and re-
currence frequency selectors," presented, Institute of Electrical 
Engineers Convention, Loneon, England; March, 1946. 
4 Radiation Laboratory Series. vol. 20, "Electrical Time Measure-

ments," McGraw-Hill Book Co., New York, N. Y.; 1947, chaps. 7-9. 
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Fig. 8—A negative-feedback time demodulator. This circuit, operat-
ing at a pulse-recurrence frequency in the neighborhood of 1000 
cycles per second, is suitable for demodulating 4-microsecond 
time-modulated input signals over the ranges which depend upon 
the choice of Rand C. Typical values are included in the figure. 

A negative trigger applied to diode V1 initiates the 
operation of time modulator, V2, V3, which gives a rec-
tangular pulse at the plate of 14. The duration of this 
pulse is linearly related to the control potential applied 
to the grid of V2.  Differentiation of this rectangular 
pulse occurs in pulse transformer T1 (Utah 0A-18). 
The plate-to-grid-coupled blocking oscillator' V4 gives a 
current pulse in its cathode of approximately0.2ampere, 
and selector pulse (a) has an amplitude of roughly 80 volts 
and a duration of 4 microsecond. This selector pulse is, 
of course, time modulated in accordance with the po-
tential of the control grid of V2. 

The 4-microsecond time-modulated input signal which 
is to be demodulated by this circuit is connected to 
cathode follower V6, which in turn drives a terminated 
4-microsecond delay line Lt. In this way the time-
modulated signal is split into two adjacent portions each 
microsecond in duration. Coincidence of these two 

signal pulses and the selector pulse obtained from V. 
energizes the differential detector composed of V. and 

I See chapter 6 of footnote reference 2. 
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V7 to give a potential at (e) which depends upon the 
difference of the areas of the overlap of selector pulse 
(a) and the split pulses (d) and (c). 
For normal values of the potential of point (e) and in 

the absence of signal and selector pulses, Vel and V7 
are nonconducting since the cathode of 177 is main-
tained positive with respect to its plate by the grid bias 
of V8, and the plate of Ve is held negative with respect to 
its cathode by the difference of potential between point 
(e) and ground. In the absence of a time-modulated 
signal coincident with the selector pulse (a), negligible 
conduction of Vs and V7 occurs, since a positive pulse 
(b) is applied to the cathodes of Vs and 117 at the same 
time as the selector pulse (a) is applied to their plates, 
and sufficient bias is developed to maintain VG and V7 
very nearly nonconducting. Therefore, the potential of 
point (e) is undisturbed in the absence of a coincident 
input signal. On the other hand, a coincident signal 
causes a decrease of grid bias in Vs and 177 and conduc-
tion of either one of these tubes for a time determined 
by the overlap of the split signal and selector pulse. A 
charge then accumulates on C, which represents the 
integral of the time error. If the selector pulse exactly 
bisects the split input signal, i.e., there is no time error, 
then the potential of CI is unchanged, as equal con-
duction will occur in Vs and V7 for balanced compo-
nents. The potential of C1 is, therefore, fed back to the 
control grid of the time modulator by cathode follower 
Vs and adjusts the position of the selector pulse to fol-
low exactly the modulation of the input signal. 

For demodulating pulses of a relatively high inter-
mittency, heater-cathode leakage in Vs and V7 would 
cause discharge of the storage capacitor Ct. Therefore, 
the heaters of these tubes are operated at 5 volts and are 
maintained at a constant negative potential with re-
spect to the cathodes by connection to the cathode fcl-
lower at point (f). In this way leakages of 3X10 3 
microamperes are obtained in this particular circuit. 
The gain of the time demodulator circuit is not very 

high, and hence no difficulty arises due to instability. 
The bandwidth of the demodulator is not high; it is 
suitable for following signals which cover the full range 
of modulation in 10 or 20 seconds. The speed of follow-
ing could, however, be considerably increased by reduc-
tion of CI. 

CATHODE-RAY-TUBE METHODS 

The processes described above can be duplicated by 
means of cathode-ray-tube displays, and a large num-
ber of manual-range-tracking methods have been em-
ployed.' But automatic time discrimination may be 
carried out by means of a pair of photocells and an in-
tensity-modulated diTlay. The output signals may 
operate an electromechanical time modulator. A photo-
graph of an experimental model is shown in Fig. 9, and 
is suitable for operating with a circular-sweep display. 
The problem of obtaining initial coincidence of the 

selector pulses and the time-modulated signal requires 

the use of a manual or automatic searching device which 
will permit this coincidence to exist long enough for the 
automatic operation of the circuits to be initiated. In 
radar systems this is usually done with cathode-ray-tube 
displays. However, several automatic searching circuits 
have been made which scan the entire range of the time 
modulation in one second or less. A momentary coin-
cidence of the selector pulses and the signal is adequate 
to initiate the operation of the time demodulator and to 
disconnect the automatic searching voltage; usually 
several pulses are sufficient. The cathode-ray-tube dis-
plays are, therefore, unnecessary in this type of opera-
tion. 

Fig. 9—Perspective view of an automatic range-tracking mecha-
nism employing an intensity-modulated signal displayed on a cm-
cularsweep and a photocell tracking system. Intensity-modulated 
signal (b) is displayed upon the circular trace (a) of a 2-inch cath-
ode-ray tube. Split prisms (c) and (d) reflect light onto type 931 
photomultipliers. 1 he photomultiplier assembly is rotatable 
about the fixed cathede-ray tube by means of a motor-driven 
worm gear, and the output voltage is obtained through slip rings 
and is then connected to a potter amplifier to drive the motor. Us-
ing a circular trace of a 12 -microseccnd pericd, an accuracy of 
roughly 8 yards may be obtained in a full range of several hun-
dred thousand yards. A greateraccuracyover a shorterinterval may 
be obtained by employing a circular sweep of a 1.2-microsecond 
interval. The distance is displayed upon a Veeder-Root counter. 

CONCLUSION 

The accuracy obtainable with negative-feedback 
methods fOr automatic range measurement depends 
upon the character of the input signals, the accuracy of 
the local time modulator, and the sensitivity of the time 
discriminator. The last two can be made accurate to a 
few yards in 10 or 20 miles. The limitation has usually 
been found to be in the bandwidth of the receiver and 
the characteristics of the reflector. With receiver band-
width of 16 megacycles, corresponding to a pulse rise 
time of 0.05 microsecond, the measurements of the 
distance of a fixed object are repeated to an accuracy 
of less than one yard. But the fluctuations of aircraft 
echoes due to variations in the point from which the 
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reflection originates give errors five or ten times this 
amount. In the absence of satisfactory radar reflectors, 
beacons have been used to give distance measurements 
accurate to 50 feet in 200 miles. 
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Analysis of Lengthening of Modulated 
Repetitive Pulses* 

S. C. KLEENEt 
Summary—Pulse lengtheners are circuits which lengthen a 

series of pulses without changing the relative pulse amplitudes. 
An ideal "box-car" pulse lengthener produces flat-topped pulses 
prolonged throughout the interval between pulses. It has been 
shown by Ming-Chen Wang and G. E. Uhlenbeck that if a pulse with 
repetition frequency fo, periodically modulated by a signal with 
fundamental frequency f.„ is put through the ideal pulse lengthener, 
the expression for the output pulse contains terms with frequencies 
sf04-qf.. , where s =0, 1, 2, • • • and q= • • • , —2, —1,0,1,2, • • • . 
The amplitudes of terms with frequencies sfo(s=1, 2, • • • ), how-
ever, are zero. The present paper contains a derivation of the re-
sult in more detail, and without the restriction to the ideal case. 
In the present derivation, the pulse form is taken initially to be quite 
general. Both a formula and graphs are then presented for the 
amplitudes associated with the output frequencies of the pulse 
lengthener, when the output pulse height decays exponentially with 
the time constant a, and lasts throughout the fraction 13 of the 
interval between pulses. This reduces further to the ideal case when 
a =0 and 0 =1. The frequencies sjo (s =1, 2, • • • ) are ordinarily 
present, except in the ideal case. An example of a pulse-lengthening 

circuit is given. 

I. INTRODUCTION 

C
IRCUITS which are used to lengthen a series of 
pulses without changing the relative pulse ampli-
tudes are finding many applications in video 

work. Such pulse lengtheners are amplifiers, in that they 
increase the power of the pulse wave form. Since the 
amplification can be obtained without any increase in 
peak voltage, this is a decided advantage. Another ad-
vantage is the elimination in the so-called ideal "box-
car" lengthener' of any power components at the repeti-
tion frequency. 
This was brought out by Ming-Chen Wang and G. E. 

Uhlenbeck,2 who analyzed the action of the ideal pulse 

*Decimal classification: R148.6. Original manuscript received 
by the Institute, June 6, 1946; revised manuscript received, Febru-
ary 10, 1947. 
This paper comprises material contained in Naval Research 

Laboratory report R-2555 (July 2, 1945, changed from secret to un-
classified February 7, 19461, with the addition of a section on pulse-
lengthening circuits contributed by A. E. Hastings of the Naval 
Research Laboratory. 
f Formerly, Naval Research Laboratory, Washington, D. C.; 

now, University of Wisconsin, Madison, Wis. 
'An ideal "box-car" pulse lengthener produces flat-topped pulses 

which last until the next succeeding pulse. 
2 Radiation Laboratory Classified Report S-10, J. L. Lawson, 

editor, appendix by Wang and Uhlenbeck, p. 103; May 16, 1944. 

lengthener on a sinusoidally modulated pulse wave form, 
obtaining the amplitudes and frequencies of the com-
ponents in the resulting output wave form. Interest has 
been expressed in having a derivation of their result 
set down in greater detail than they gave, and without 
their restriction to the ideal pulse lengthener. It is 
proposed here to begin by analyzing the output wave 
form for an arbitrary pulse form. 

II. MODULATING SIGNAL, PULSE, AND OUTPUT SIGNAL 

The action of the pulse lengthener can be analyzed 
mathematically as consisting in the conversion of a 
modulating signal fit), i.e., the function which gives the 
amplitude of the unlengthened input pulses, into an out-
put signal F(0.2 
If the modulating signal were a constant signal of 

amplitude 1, the output of the pulse lengthener would 

f it)  (t) 

SIGNAL AMPLIT
UDE 

9 iv 

TIME  t 

(a)  (b) 
Fig. 1—General case. (a) Unmodulated pulse g(t). (b) Modulating 

signal f(t), and output F(t). 

be a succession of lengthened pulses, each one identical 
with its predecessor. Let fo be the pulse-repetition fre-
quency, and 1/fo the length of the pulse interval. Let 
the signal amplitude of one of these standard pulses be 
represented by the function g(1), as shown in Fig. 1(a) 
where t is time measured from the beginning of the pulse 
interval. 
Now let the modulating signal be a signal of varying 

amplitude, shown as f(t) in Fig. 1(b), where t is time 
measured from the initial instant of some pulse interval. 

'The quantities f(t), g(t), F(t) as functions of  will be referred 
to as "signal amplitude" to avoid confusion with 'amplitude" as 
applied to the frequency components into which the functions are 
analyzed. 
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The output signal F(t) now consists of a succession of 
pulses which differ from the standard pulses just de-
scribed in that the signal amplitude g(t) throughout 
each pulse interval is multiplied by the modulating 
signal amplitude f(t) for the initial instant of that pulse 
interval. Let the initial instant of the pulse interval in 
which t occurs be written { t ; i.e., Ill =k/fo where k is 
the greatest integer such that k/fo St. Then' 

F(t) = f(11j)g(t - (1) 

HI. THE GENERAL CASE: FOURIER ANALYSIS 

We now further assume that f(t) is periodic,' with the 
fundamental frequency f„, or the period 1/f„,. Let it be 
developed in the Fourier series 

00 

f(t) = E 

= co + E 2 I c„I cos (2rpf„,t  arg c9).  (2) 

It is shown in Appendix I that then 

F(t) = 1 — A(0, 0) +  A(s, 0) 
2  o-i 

{A (0, p)  [A (s, p)  A(s, -p) j} (3) 
jt0 1  • - 

where 

A(s, q) = 21 co I w.roxof.I cos (2r(sfo  gf.)1 

arg  arg werfa i), 

and wom .e  is the value for f =sfol-qf,„ of 

fo f.ttio gme-oirifedt. 

(4) 

(5) 

IV. RELATIVE AMPLITUDE AND RELATIVE PHASE 

By (4), A(s, q) is of the frequency Ifl = I 
By (3). the frequencies (ordinarily) present in F(1) are 
thus I sfo-Fqf„,l for s=0, 1, 2, • • • , q= • • • , -2, -1, 
0, 1, 2, • • • ;or in other notation, I sfo±pf,,,I for 
s=0, 1, 2, • • • , p=0, 1, 2, • • • . 
By (4), the am-ills-tide of A(s, q) is 21c5Ilw,h4 .,,f„,I. 

Here by (2), 21c5I =21cp1 is the amplitude of the term 
of frequency pf„,=Iqlf„, in f(t) (except for q= 0 when 
it is twice that amplitude; however, for q=0 and s 
=0, only half of A(s, q) is used in (3)). The other factor 
l•woo .4.0.1 we call the relative amplitude of the output 

frequency Ift = I sfo qf.,  Since I w--,J = I wit , it de-
pends only on the frequency VI • 
This product gives the amplitude of the particular 

A(s, q) of frequency Ifl = Isfol-qf„,1 in the expansion 
(3) of F(t). In special cases another A (s', q') of (3) might 

'Except for t.= k/fo, when F(1).4F(t-0)+F(11-0) to accord 
with footnote 13. 

Although only the case of a periodic modulating function f(t) 
is being treated in this paper, it is surmised that the analysis would 
carry over in its essentials to the rase of an aperiodic modulating 
function f(t) having a convergent Fourier integra l which wou ld then  
take the place of the Fourier series of f(1) in the developments 
below. 

have the same frequency,  i.e., when  I sfo-Fqh,I 
= I efo-Fq7. I , with s and s' not both 0, and s'Os or 
q'Oq.° In such cases the total amplitude of the frequency 
Ill in F(t) is obtained by combining all the terms of (3) 
of that frequency, considering both amplitudes and 
phases. 
By (4), the phase of A(s, q) considered as a cosine is 

arg ce-Farg wori.of  if f =sfo+qf„, ?_0, and -arg 
-arg w„1.4.e., if f 50. Using arg  -arg c, and 
arg w_1= -arg wf, the expression for the phase becomes 
±arg c„1-arg w1,10 .511.1, where ±arg c, is the cosine 
phase arg c„ of the term of frequency ph,=Iqlf„, in 
f(t), taken with either + or - sign according as q and 
f =sfofqf„, have the same or opposite signs (or with 
either sign when q = 0 or f = 0). The other angle 
arg wi,/,40 .1 we call the relative phase of the output 
frequency If I =I sf 0- f-gf.1.7 

V. A SPECIAL CASE 

We now specialize the pulse function g(t) to the follow-
ing,' where 0 051: 

g(t) = 
0  when /3/fo <1 < 1110. 

For illustration, the modulating function f(t) may 
be taken as follows, where So, e 0: 

f(t) = So[l  e sin 27f(1 + 6)].  (7) 

In this case the frequencies ph, are present in f(t) only 
for p =0 and p =1; (3) simplifies accordingly (terms for 

.e  

9  Sp 

ill111111 1 111111 0 
0 

when 0 <1 < 0/ fo, 

F (t1 
f (t) • So [ite SIN 2 7rfrn (t 

5. 

50(1-04 
I I ft/ .0 

(6) 

(a)  (b) 
Fig. 2—Special case. (a) Unmodulated pulse g(t). (b) Modulating 

signal f(t), and output F(t). 

p> 1 disappearing); and co= So, 2Ic1 I = eS0, arg c1 = 2711„,5 
-r/2. However, the discussion will be carried out so 
that its application when there are more frequencies 
present in the modulating function will be evident. Fig. 
2 illustrates the special case. 

The integration of (5) leads to the following when a 
and f are not both 0:° 

0 This possibility may be neglected in the important case that the 
fundamental and its lower harmonics predominate in both f(t) and g(t)andfo>>„/„,. 

7 If g(t) is known empirically, to/ can be computed using an har-monic analyzer. 

° We might have -re-°, instead of e-al (where 7 >0), but the present 
formulas will fit that case if F(t) is measured in units  times those 
used forf(t)and g(1). 

0 The graphical representation of tuf in the complex plane can be 
used to advantage in resolving Vi into lw,l and arg tr, and in com-putation. 
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{1 + e-241f0 —26.-4 114 cos 2113f /fol. 1/2  

wfi — 0 
(aft/ f0)2+ (21 13/4/0)2 

e—a0110  sin 2213f llo 

(8) 

arg 2/if= sin—' +e-24/10-2e—a13/1° cos 27113/ 110) 1/2 

2713f/fo 
—tan'   (9) 

afillo 

where for a >0 the inverse functions take their prin-
cipal values. Integrating separately for a=f=0 ((8) 
and (9) being indeterminate then), 

WI = I w/ I =  and arg wf = 0. 

WO _ 

0.80 

111\ 
1 & \_,F1111.1.1 5r1 

2.5 0/0  31 03  3.5 o/0 

present results in the study of a practical pulse length-

VI. THE RELATIVE-AMPLITUDE CURVE 

The family of the curves of I w11 as a function of If' 
is shown in Fig. 3 for the family of special pulse func-
tions g(t) depending on parameters a, 0, fo. The curves, 
computed from (8) and (11), are drawn for a number 
of fixed values of alVfo, and show I wfl in multiples of 

13 for If I in multiples of Nal 
For example: Let a=200, 13=0.75, fo=300, f„,=700, 

e=0.5, S=1. One of the frequencies in the output is 
(10)  If I = I 3f0 1m1 = 2C0. What is the amplitude of the term 

051 0  fo/R  15f0/0  2 oi/3 

OUTPUT FREQUENCY If I 

Fig. 3—Relative amplitude versus output frequency. fo =generator frequency, ix =attenuation constant, (3= fractional pulse width. 

When a =0 but f 00, (8) and (9) simplify to 

sin rfiflfol 

irgf/fo 

sin irf3fllo 
arg wf = — irtififo  arg   

43.W0 

It is easily verified that these formulas lead to Wang and 
Uhlenbeck's formula for the case a =0 and 13=1 which 
gives the ideal box-car pulse." Use has been made of the 

" Wang and Uhlenbeck's formula is as follows, where their F.(1) 
is our F(t)/So: 

F.(t)  1  e '-sin 1-rl: [sin 124.1— 
'if.  10  10 

+ E  " sin 
...1 sfo f • f. 

+ fN  sin 
go —J. 

(12) 

327(5/0-EMI — 2r—.2 24.8  • 
fo 

322.(sjo —Mt -1- 1/2-n — 24.051]. 
f• 

A(3, —1) which has this frequency? The amplitude of 
the correlated term of frequency 1.f. in f(t) is eS0=0.5. 
Now W /0=0.5, and  A/0=0.5 or Ifl =0.5fo/13. 
Entering the curve of Fig. 3 for a13/fo=0.5 from the 
abscissa 0.5 fo/13,  we read  I wf I =0.5+0.  Hence 
I wfl =0.38. The amplitude of A(3, —1) is eSo•1 21'11 

=0.19. 
In the example, A(3, —1) is the only term with the 

frequency Ifl =200. Should a practical need arise to 
study phases (e.g., to find the total amplitude of a fre-
quency IA when several terms of (3) give the same 
Ill = I sfo+qf,,,I ), a second set of curves could be pre-
pared giving arg  as a function of Ill. 
A simple geometrical model, briefly described in 

Appendix II, is useful in thinking about the situation, 

"Section VIII, and Naval Research Laboratory Classified Re-
port R-2561; May 1,1945. 
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particularly as it sets in order certain exceptions to the 
general rule. 

VII. AMPLITUDE NULLS 

For a = 0 and 16=1, the frequencies sfo(s = 1, 2, • • • ) 
are absent. This appears in Fig. 3 since the curve for 
aft/f0=0 has nulls at the frequencies sfo/f3 (compare 
(11)), and with =1 the sfo frequency points from which 
the curve is entered coincide with these nulls. The 
amount by 'which these frequencies reappear if f? de-
creases from 1, so that the points sfo no longer coincide 
with the nulls, is indicated by the steepness of the curve 
at those points." If a#0, so that a13llo#0, the curves no 
longer have nulls, but for small values of al3 If° I they 
have pronounced  minima occurring approximately 
at the points sfo/fl with approximately the values 
I 1 e-am ° I A( 0110)2 + (hrs)2)42 (compare (8)). These 
considerations are of interest for designing pulse length-
eners in the effort to eliminate pulse-repetition frequen-
cies. 

VIII. A PULSE-LENGTHENING CIRCUIT , 

Fig. 4 gives the circuit of a practical pulse lengthener. 
The modulated pulsed signal is applied to the grid of 

_rut_ 
INPUT —H 

Fig. 

•300 

4—A pulse-lengthening 

OUTPUT 

-  ISCHA PI; I NG 

PULSES 

circuit. 

the cathode-coupled amplifier VI. Each pulse charges 
the capacitor C to a value proportional to the pulse 
amplitude. The capacitor C remains charged until just 
before the next pulse, when it is discharged by the plate 
current of V2. The grid of V2, normally biased to cutoff, 
is supplied with a series of short positive pulses, each 
just preceding the pulses in the signal wave form, which 
may be obtained in various ways, depending on the 
circuit application. One simple method is to feed the 
signal pulses directly to the grid of V2, but to apply 

them to the grid of VI through a delay line. Then 172 
is nonconducting except for a brief period just before 
each signal pulse. The resulting wave form across C is 
then a series of pulses with amplitudes proportional to 
those in the signal. 

The output pulses will not be flat-topped because of 
the leakage across the capacitor given by the ex-
ponential function e-0 , where a=1/RC, though a can 
be made to approach 0. Since a finite time is required to 
discharge the capacitor, the length of the output pulse 
can only approach the repetition period, the ratio /3 of 
the pulse length to the repetition period approaching 1. 

12 For special values of s and the other quantities, a frequency sfo 
might be absent because of coincidence with some efo/j3; or con-
ceivably due to complete phase cancellation among terms of that 
frequency for several values of b. 
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APPENDIX I—DERIVATION OF THE 
FUNDAMENTAL FORMULA° 

Using (2) to express f(  1) in (1) as a series, and 
multiplying g(t— {t}) into the series term by term, 

F(t) = 
oo 

E ,,e2r.vmmgo — III).  (11) 

Writing {tj in the exponent as t— (t — ft I), and factoring, 
c.3 

F(i)  E cge 2o iofro te-nriemcg-i l)g(1  1)) . (14) 

The  expression  e-brigfm"---igpg(t— III)  represents 
e-2ir  itl 

) in the first pulse interval, and the periodic 
repetition of this function in other pulse intervals. 
Developing it in a Fourier series, and inserting this series 
into (14), 

F(t) = E 
co  1110 

• E  f e-204 oaf g(t) e-2riof 0  e2 riot pt. 
(15) 

Multiplying co2r1010 into the series summed on s, and 
combining the exponential factors, 

co  co   Jo 1 1 

F(1) = E E c, [Jo f g(t)e-2"(if°+efm"di Id:] 
0...--oo  o.---co  0 

• e  (16) 

Calling the expression under the summation signs 
C(s, q), and setting A(s, g)=C(s, q)+C(—s, —q), one 
easily obtains thence the real form of the expansion 
given as (3)-(5) in the text. 

APPENDIX II—A GEOMETRICAL MODEL OF THE OUTPUT 

A frequency nomograph is shown as the horizontal 
quarter-plane in Fig. 5 with axis of abscissas labeled 
"output frequency III" and axis of ordinates labeled 
"modulating frequency Pins." Lines are ruled on the 
nomograph at angles of +45 degrees with the axes, 
which therefore have the equations IA =isfo+P.A.1, if 
Ifl is considered as a continuously varying abscissa and 
pf„, as a continuously varying ordinate.  Hence, 
when to each of the modulating frequencies pf„, for 
p =0, 1, 2, • • • , a line parallel to the axis of abscissas 
is drawn at the ordinate pf (shown in Fig. 5 only for 

U A practical set of assumptions under which the Fourier ex-
pansions will all exist and converge to the functions represented for 
every I is that f(I) and g(i) and their first derivatives each be con 
tinuous except at isolated values of I. Then f(t) shall be defined at a 
point of discontinuity as WO —0) +f(t+0)), and the same conven-tion shall apply to g(1) and F(s). 
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p = 0 and p=1), the abscissas of the intersections of this 
line with the lines of the frequency nomograph will be 

0.73 

/ 

/ 
/ 
/ 

CO%  
ouTPuT FREQUENCY If I 

Fig. 5—Relative amplitudes of output terms. Attenuation constant 
a = 2f0/3, pulse width Vie= 3/4fo. 

/ 
/  \ 
/ 

POO- r 
/ Zferfini firfa4 rn 

the output frequencies associated with the modulating 
frequency pfm. Vertical lines erected at these intersec-

tions and terminated above by the appropriate curve of 
Fig. 3 (for ai3/fo = 0.5 with 13=0.75 in our illustration) 
represent the corresponding relative amplitudes. 
On the p =0 panel, the relative-amplitude lines are 

shown double (except for If I =0), corresponding to the 
fact that for p= II --13 (except for s=0) the absolute 
amplitude is twice the relative amplitude times the 
amplitude of the corresponding component of f(t) (com-
pare with Section IV). This appears natural on observ-
ing that, had the panel been positioned for a very small 
ordinate pfm, there would be for each sfo(s 00) two lines 
erected at near-by frequencies, which would come to-
gether at sfo when pfm--,0. 
If a panel for p >0 passes through double points of 

the frequency nomograph (as it might in another 
example), two lines are likewise erected at each of 
those double points, but those two lines belong to dis-
tinct terms A(s, q) and A(s', q') with a phase difference 

of 2 arg c„. 
If a panel for p>0 passes through a point where the 

nomograph lines meet the axis of ordinates, a single line 
is erected there which represents the relative amplitude 
I wol of a term of 0 frequency. But 21 c„I I wol is not 
(ordinarily) the absolute value of that term, as the phase 
factor cos (arg cp-I-arg WO) (ordinarily) differs in absolute 
value from 1. The term may be thought of as originating 
from a sinusoidal fluctuation with relative ampli-
tude  wi I which as If I —40 is frozen in the phase 

arg ci,-I-arg WO•14  

14 The idea of the model can be carried further, by varying the 
vertical scales of the several panels in proportion to the amplitudes 
of the modulating frequencies so that the lines erected will represent 
absolute amplitudes; and by showing the phases. 

Abstract of "Recording of Sky- Wave Signals From 
Broadcast Stations"* 
WILBERT B. SMITHt, MEMBER, I.R.E. 

IN ORDER TO obtain data on sky-wave propagation conditions, equip-
ment was developed for making graph-

ical records of the signal intensities of cer-
tain broadcasting stations, and for the rapid 
analysis by electronic means of the charts so 
taken. 
The recording sets consist of communica-

tions-type receivers arranged for the auto-
matic-volume-control voltage to drive a 
0-5 recording milliammeter, and operating in 
conjunction with special signal generators 
and coupling gear, so that calibration marks 
may be placed directly on the graphical 
record to supply the scale for subsequent 
analysis. 
An electronic device is provided in series 

with the recording milliammeter to return 
the pen to zero periodically, so that the area 

• Decimal classification: R271.32XR112.63. Ori-
ginal manuscript received by the Institute, March 
25, 1947; abstract received, July 16, 1947. 
t Department of Transport. Government of Can-

ada, Ontario, Canada. 

between the curve drawn and the base line 
or zero is completely blanked in. This de-
vice consists of a 6J5 triode whose plate 
circuit is in series with the recorder, and 
whose grid potential varies from cutoff to 
about 4 volts positive under the action of a 
thyratron sawtooth-wave generator of period 
about 1 to 10 seconds. Under these condi-
tions, the triode plate resistance varies from 
about 200 ohms to infinity. 
Analysis of the charts to obtain the field 

intensities which were exceeded for certain 
specified percentages of time is done on a 
special scanning device. This scanner con-
sists of a drum around which the chart is 
wound, a scale and chart onto which the 
calibration marks are transferred and from 
which the signal intensities are read, a light 
spot, photocell, amplifier, and integrating 
circuit and meter from which is read the 
percentage of time. 
As the drum revolves rapidly, the spot of 

light travels the length of the portion of the 
chart under observation. Light reflected 

from the unmarked paper of the chart actu-
ates the photocell and amplifier, and b'ocks 
the flow of current through the integrating 
milliammeter. When the photocell is not il-
luminated, current is permitted to flow 
through the meter which therefore reads 
directly the percentage of time during which 
the spot of light has been on the blanked-in 
portion of the chart. The corresponding field 
intensity which has been exceeded for that 
percentage of time can be read directly from 
the calibration scale. 
The field-intensity recording sets are ex-

tremely simple and reliable, and are under 
the care of regular station personnel. An-
alysis of the charts is rapid, averaging less 
than 10 minutes for a two-hour recording 
period, as compared with several hours by 
manual methods. There is also a much 
greater over-all accuracy, because personal 
and judgment errors are practically elim-
inated and other sources of error are re-
duced to a minimum or arranged to be 
largely self-compensating. 



1054  PROCEEDINGS OF THE I.R.E. October 

Investigation of Frequency-Modulation 
Signal Interference* 
IGOR PLUSCt, MEMBER, I.R.E. 

Summary—The cause and mechanism of interference between 
two frequency-modulation signals are analyzed. It is shown that, 
while the interference of two frequency-modulation signals on the 
same channel is practically independent of receiver design, off-chan-
nel interference depends on the shape of discriminator curve beyond 
120 kilocycles off resonance. 

Methods are developed to calculate the amount of interference 
for a given receiver, in terms of the relative strength of the interfer-
ing signal. Receiver design modifications, which will reduce the 
amount of interference from different channels, are indicated. 

INTRODUCTION 

if NTERFERENCE between several frequency-mod-
ulation signals operating on, or near, the same 
frequency is becoming an important receiver de-

sign problem with the steadily increasing nurnber of 
transmitters being put into operation. 
The object of this work is to present a quantitative 

analysis of the interference under conditions likely to 
be encountered in a frequency-modulation receiver, 
particularly in regard to the action of the discriminator. 
This phase of a frequency-modulation receiver has 
been neglected by most writers on the general subject, 
probably because of the widespread belief that the shape 
of the discriminator curve beyond the limits of modula-
tion is of no consequence provided the limiter is operating 
perfectly. Methods are developed for analyzing and 
evaluating the effect of the shape of the discriminator 
curve upon the susceptibility to interference. Also, 
some of the possible remedies are outlined. 
Interference from other frequency-modulation sta-

tions may be divided into two classifications: interfer-
ence arising from stations on the same channel, and that 
from stations on different channels. These cases are 
treated separately, as follows: (1) co-channel interfer-
ence, and (2) adjacent-and alternate-(second-) channel 
interference. 

DEFINITIONS OF THE SYMBOLS 

F.= the carrier frequency to which the receiver is 
tuned (desired signal) 

F„= the carrier frequency of the interfering signal 
Fe„=(Fc—F)=the beat frequency between the de-

sired and interfering signals 
F,,.= modulating frequency 
p=c/n = the ratio of the amplitudes of the desired 
to interfering signals at the output of intermedi-
ate frequency 

• Decimal classification: R171 X R430.11. Original manuscript re-
ceived by the Institute, July 1, 1946; revised manuscript received, 
September 30, 1946. 
1. Formerly, Colonial Radio Corporation, Buffalo, N. Y.; now, 

Syracuse University, Syracuse, N. Y. 

Fd = maximum frequency deviation due to frequency 
modulation (Fd= 75 kilocycles) 

11=  

F,= the frequency deviation (modulation due to the 
interfering signal) 

S= output of desired signal corresponding to 75-
kilocycle deviation (100 per cent modulation) 

S/N= the signal-to-interference ratio in the audio 
N= the output of the interfering signal 
W.= 27rFe 
W„= hi-F. 

W,„= 27rFc. = We— W. 
p =27rF„, 
A=the amplitude. 

GENERAL THEORY 

The two signals, desired and interfering, reach the 
limiter to form a composite signal, both frequency- and 

amplitude-modulated. This modulation has a funda-
mental frequency corresponding to the frequency dif-
ference between the two signals and in certain cases is 
high in harmonic content. 

An amplitude limiter with ideal characteristics is used 
throughout this analysis. The expression for the com-
posite signal at the output of such a limiter has been 
derived many times,' and so the derivation will not be 
given here. The expression is: 

{e= A sin (,,t -I- 13 cos pt 

+ tan--'  sin kJ — OW -I- /3 cos pi]  } 

P ± cos [cora — OW ± # cos ptj • 

This is the most general form, when both signals are 
frequency modulated. The expression /3 cos pt is due to 
the desired signal modulation. The term 4)(t) is due to 
the interfering signal modulation. 

Let 

sin [cocnt — 4)(1) -I- # cos Pt] tan-' 
p + cos k J — c(t) + 13 cos ptj 

Frequency deviation due to the interfering signal can 
be found from 

(1) 

da 
Fi =! — = 

27r dl 

d4) 
F„ — — — Fa sin pt 

dt 

P  cos [ca., — 41(1)  # cos pej 
1 

—  cos [w,n1 —  + /3 cos pej 

1 M. G. Crosby, "Frequency modulation noise characteristics," 
PROC. I.R.E., vol. 25, pp. 472-514; April, 1937. 

(la) 

• (2) 

+ 1 
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When both signals are unmodulated carriers, CO, 
i3 cos pt, and their derivatives vanish, and (2) becomes 

cn 
F, =   (2a) 

p+ cos wrnt 
+ 1 

1 
—  cos wt 

This equation shows that Fi is not symmetrical; its 
two peaks can be obtained by substituting cos coca + 1. 

First peak 
F en  

• F11=   
+ 1 

F cn 

(cas ohnt --= 1)  (3) 

Second peak F12 =   (cos cocnt = — 1).  (4) 
P  1 

The asymmetry increases as p decreases. Expanded, 

(2a) becomes 

cos rcacnt 
F1= F,„  (- 1) r+1   (5 ) 

Pr 

There is no constant term in this expression: although 
nonsymmetrical, Fi has an average value equal to zero. 
Consequently, there is no frequency shift. 

CO-CHANNEL INTERFERENCE 

When the desired and interfering signals are on the 
same channel and the difference in frequency is within 

so 
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modulated carriers. This case will be examined first. 
(a) The root-mean-square value of the interference 

N can be found from (5). 

Fig. 1—Signal-to-interference ratio in output due to interfering signal 
on the same channel (both signals unmodulated) for two beat fre-
quencies (F). 

 Without de-emphasis 
— — — — With de-emphasis. 

where 

the audio range, it has been found experimentally that 
interference is strongest when both signals are un-

Fcn  r to 1 

N, .. 
N 1/  P2r 

= /2  

15 
ro —  (Fc„ in kilocycles).  (6) 

Fen 

The results were plotted as S/N(in decibels) against 
p, for different values of F,„ (Fig. 1). These curves were 
plotted for two cases: with no de-emphasis and with 75-  
microsecond de-emphasis. Without de-emphasis the  
total interference is proportional to Fc„, while with 75- 

microsecond de-emphasis it increases much more slowl y 
with Fcr, and for higher Fcn approaches asymptotically a 
constant value. 
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n..co 

F1= E 
tt, 1 

7r 
.1,.(0)[(F,„+rF.) cos (nco,„t + rpt+ — ) 

r-0  2 

-I-  rF,„) cos (no.)„t— rpt +1-.2r-)]} .  (8) 

The root-mean-square values of N were calculated 
from this formula for different values of F,„ and F. 
and were plotted against p (Fig. 2). In calculating the 
root-mean-square values only the components of audio 
frequencies (less than 15 kilocycles) were taken into 
consideration. 

Equation (8) shows that the components of higher 
frequencies have greater amplitudes. Consequently, in 
this case, interference is much more affected by the de-
emphasis than in case of two unmodulated carriers, be-
cause the higher frequencies are attenuated much more. 
Without de-emphasis, interference would be almost the 
same in both cases with and without modulation. With 
de-emphasis, however, interference will be considerably 
weaker when modulation is present. 

ADJACENT-CHANNEL INTERFERENCE 

According to present Federal Communications Com-
mission standards, 200-kilocycle adjacent-channel spac-
ing is the closest that needs to be considered above that 
of 4-kilocycle common channel maximum spacing. 
After that, 400-kilocycle spacing will be considered. 
While the analysis is identical for both of these cases, 
the evaluation of the magnitudes to be expected in a 
practical receiver is different. 

Suppose a frequency-modulation receiver is tuned to 
a certain signal of a frequency F. (desired signal). There 
is another signal on the adjacent (Fc„ = 200 kilocycles) 
channel which interferes with the first. Let us assume 
that, at first, both signals are unmodulated carriers. 
Then Fe„ and the harmonics will be far above the audio 
range, so there will be no audio interference. 
If, then, the interfering signal is modulated 100 per 

cent, its frequency will swing 75 kilocycles in each direc-
tion. F will vary with the modulation, from 125 to 
275 kilocycles. The selectivity curve of an ordinary re-
ceiver is very steep between 125 and 275 kilocycles from 
resonance, and the gain of the receiver changes greatly 
between those frequencies. Thus, the amplitude of the 
interfering signal at the last intermediate-fre,quency 
circuit will change together with the frequency variation, 
and the signal will become amplitude, in addition to 
frequency, modulated at the output of the intermediate 
frequency amplifier. The amount of this amplitude 
modulation depends upon the shape of the selectivity 
curve. With a typical selectivity curve of a present com-
mercial receiver, amplitude modulation reaches 100 per 
cent at a frequency deviation between 35 and 45 kilo-
cycles. 

When the interfering signal is both frequency and 
amplitude modulated, p is no longer a constant, but be-

comes a function of time. When modulation is sinusoidal 

P =  , 
m(1 ± cos pt) 

If we substitute this expression into (la) and get 

1 da 

Fi  = ' 27 dl 

we find that all the terms that contain functions of F. 
(modulating frequency) cancel out, only the terms that 
contain functions of beat frequency and its harmonics 
remaining in the final expression. As long as the dis-
criminator curve is linear, frequency variation F1 will be 
transformed into corresponding amplitude modulation 
without distortion. Therefore, the amplitude variations 
at the output of the discriminator will not contain any 
modulating frequencies, and there will be no audible 
effect of the interference. 

100 

SO 

so 

40 
P.2 

U 20  

0 

20 

40 

GO 

so 

100 
0  30  60  90  120 

130  100. 

Fig. 3—Frequency deviation of the desired signal produced by inter-
fering signals of different strengths (F,,,=200 kilocycles). 

In order to determine the effect of the nonlinear part 
of the discriminator curve on the interference, we shall 
once more examine (3) and (4). For low p, Fi is not sym-
metrical; one of its peaks is much greater than the other. 
As was shown earlier (5), the average value of Fi is zero. 
As long as F; is changed into amplitude variation A 
without distortion, the average value of A will also be 
zero, and so there will be no direct-current component in 
the output of the discriminator. However, as soon as one 
of the peaks extends into the nonlinear part of the dis-
criminator curve, distortion is introduced, the average 
value of the discriminator output is no longer zero, and 
a direct-current component appears. For a fixed discrim-
inator curve, the magnitude of this component depends 
on both F. and p. As was shown before, when the inter-
fering signal is frequency modulated, it also becomes 
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amplitude modulated. Then p and F., both vary with 
F., but p varies much faster (due to steepness of the 

• selectivity curve). Since the magnitude of the direct-
current component depends upon p, it will vary with p 
and consequently with F., thus introducing an audible 

interference. 
The easiest method to find the magnitude of the di-

rect-current component is graphical. First Fi (2a) is 
plotted for a half cycle against W,„t (Fig. 3). Then the 
values of F, for different W./ are applied to the discrimi-
nator curve2 and the corresponding v.alues of the ampli-

A 
40 

zo 

0 

-20 

-40 

-60 

4.3 

Peb 
P.13 

P.2 

4.3 

4.2 

-eo 0  20 40  60  80  100 120  140  160  180. 

Fig. 4—Amplitude variations resulting from frequency deviation due 
to the interfering signals of different strength (Fig. 3). 

tude are found. These amplitudes are plotted against 
Wcnt and represent a half cycle of the discriminator out-
put (Fig. 3). The direct-current component is then 
found from Fig. 4: 

E area 
direct current = 

abscissa 

The actual amount of interference would depend on 
variation of p, and therefore on the particular selec-
tivity curve used. It was found, however, that with the 
selectivity curves of the commercial receiver available, 
the actual interference with F,„ both 200 and 400 kilo-
cycles was very close to that caused by the direct-cur-
rent component 100 per cent modulated. The results 
calculated on this assumption were plotted as S/N for 
adjacent channel (Fig. 5). 
In the case where the actual selectivity curve is avail-

able, the procedure to find the variation of direct-current 
component would be as follows: Three direct-current 
curves are plotted against p, for F. and F.,± 75 kilo-
cycles. The variation of p corresponding to ± 75-kilo-
cycle deviation of the interfering signal is found from 
the selectivity curve. Knowing how much p changes be-
tween  75 and F4,,-75 kilocycles, the exact varia-

2 Discriminator curve taken from RCA Report LB-326, "Auto-
matic-frequency control," Fig. 4, page 9 (Q-25). 

tion of the direct-current component is then found from 
the three curves. 
Although the above-described method is compara-

tively simple and easy to visualize, it is accurate only 
when the interfering-signal frequency falls between the 
peaks of the discriminator curve. In other cases a gen-
eral method of sideband components must be used. 
The general method is to expand expression (1) (sim-

plified for the case of two unmodulated carriers). After 
expansion it takes a form: 

r—ce 
e = ao + sin oh/ E (— i)r[br sin (we — rWen)1 

r*1 

— a,. sin (co, + roh,,)tl. (9) 

(The derivation of this expression and the coefficients 
a, and b,. is shown in the appendix.) The absolute 
values of the coefficients at, b,. were plotted against p 

(Fig. 6). 
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Fig. 5—Curves A, B, and C show signal-to-interference ratio in out-
put due to interfering signals from adjacent and alternate chan-
nels. 

= 200 kilocycles (calculated by equivalent-frequency-de-
viation method). 

B—Fe.= 200 kilocycles (sideband-components method). 
C—F,„ =400 kilocycles (sideband-components method). 
D—Detuning (in kilocycles) required to reduce interference from 
signal in adjacent channel. 

When signal e is applied to each diode circuit of a 
balanced discriminator, there is a direct-current com-
ponent in the output of each diode. The difference of 
these components from two diodes is the resultant di-
rect-current component D in the output of the balanced 
discriminator. D=DI—D2 where DI and D2 are the 
direct-current components in the output of each diode. 
The method to calculate Di and D2 is shown in the ap-
pendix. As was shown before, when the interfering 
signal becomes frequency modulated, D changes with 
F. and thus introduces an audible interference. From 
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(9) it can be seen that the sideband components have 
frequencies F, + rF„, r-1, 2, 3. Fig. 6 shows that sym-
metrical components (those having the same value of r) 
have unequal amplitudes. When the discriminator curve 
is a straight line, the coefficients ar, 6, (9) are such that 
DI =D2, that is, D=0, and there is no interference. If 
the discriminator curve deviates from a straight line, D 

• 1.0 

a, 

0.1 

0.01 

0001 
N  

0.0001 
0  2  3 p  4 5 7 

Fig. 6—Coefficients of equation (14) versus desired-to-interfering 
signals ratio in intermediate-frequency output. 

is not equal to zero. In a symmetrical discriminator, 
with two diode circuits having their selectivity curves of 
the same shape (though tuned to different frequencies), 
D will increase when all the sideband frequencies are 
attenuated except the first two (Ft + F„). The maximum 
possible interference with a symmetrical discriminator 
would occur when the first pair of sideband components 
fall on the peaks of the discriminator curve, while the 
rest of the components are completely eliminated. If the 
circuits of the discriminator are not symmetrical, the 
interference may become still higher if one sideband is 
more attenuated than the other. When all the sideband 
components are attenuated, DI and D2 both approach 
the same value, so D approaches zero. 

It was found that, for a good degree of approximation, 
when p 2 at least two of the sideband components on 
each side of the carrier have to be taken into considera-
tion. The direct-current component is represented by an 
infinite series (17) whose terms become so long and 
complicated that it would be impractical to go any 
further than the first two terms. Fortunately, for 
the first term only gives an accuracy within 20 per 
cent and the second term would bring it within less 
than 5 per cent. Numerical calculations require an 
accuracy to at least six figures, which makes the whole 
procedure long and tedious. So, when valid, the equiva-
lent-frequency-deviation method is easier to use. 

CONCLUSION 

As was shown earlier, the interference of two trans-
mitters working on the same channel is caused by the 
beat frequency between the signals. The carrier of the de-
sired signal becomes frequency modulated by the beat 
frequency during the process of limiting. This kind of 
interference cannot be eliminated, or even materially 
reduced by modifications in the receiver design. The 
co-channel frequency-modulation interference decreases 
with decrease of F„. This effect is partially offset by 
the increase of the residual amplitude-modulation inter-

ference for small F,,,. So the only way to reduce the 
frequency-modulation co-channel interference is to keep 
the difference between the frequencies of the transmit-
ters as low as practical, while the residual amplitude-
modulation interference can be reduced by more effec-
tive limiters and accurate tuning. 

When the interference is caused by transmitters 
working on adjacent or alternate channels, the beat 
frequency is far beyond the audio range. In such a case, 
interference is due to two factors: First, a direct-current 
component in the output of the discriminator. This com-
ponent appears when one or both peaks of the frequency 
deviation (due to the interfering signal) extend into the 
nonlinear part of the discriminator curve. As long as the 
interfering signal is an unmodulated carrier, the direct-

current component will remain constant. So, by itself, 
this component will not produce any audible effect, 
unless the second factor is present. The second factor is 
the amplitude variation of the frequency-modulated 

interfering signal, caused by the steep sides of the 
receiver selectivity curve. The variation of the ampli-
tude of the interfering signal (with the modulation fre-
quency) causes the direct-current component to vary 
at the same rate, thus producing an audible interference. 
So a reduction or elimination of either factor will re-
sult in a reduction, or almost complete elimination, of 
the interference. It must be understood, however, that 
this is true only as long as the peaks of the interfering 
signal always remains weaker than the carrier of the 
desired signal; that is, p> 1. 

The amplitude variation of the interfering signal can 
be eliminated (or at least considerably reduced) by 
making the selectivity curve almost flat from 120 to 
280 kilocycJes and from 320 to 480 kilocycles off 
resonance (for adjacent and alternate channels, respec-
tively). 

The direct-current component at the output of the 
discriminator can be reduced considerably by the fol-
lowing methods: 

(a) By retuning the receiver after a transmitter from 

an adjacent or alternate channel begins to interfere 
with the received signal. However, it would not be prac-
tical to retune a receiver everytime an interfering signal 

comes on, or changes in strength, unless it is done auto-
matically. An efficient automatic frequency control 
would reduce this kind of interference appreciably. 
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Thus, a receiver with crystal-tuned push buttons is at a 
disadvantage. The amount of detuning necessary to 
reduce the direct-current component to zero was plotted 
against p for adjacent-channel interference (Fig. 5, 

curve D). 
(b) Theoretically, the direct-current component can 

be completely eliminated by making the linear part of 
the discriminator curve infinitely long. The direct-cur-
rent component would be reduced appreciably if the 
linear part was extended, at least as far as 2F,„ on each 
side of the carrier. This would mean a reduction of 
interference at the expense of seniitivity. Many com-
promises and combinations of the methods described 
are possible. 

APPENDIX 

The compo -ite signal at the output of the limiter can 
be represented by the expression 

e = A sin { wet ft cos pt 

sin [0.),„t - 4)(t)  f3 cos pt] 

tan—'    p + cos [went - 49(1) ± cos pt]  (10)} 

When neither signal is modulated, (1) becomes 

sin cot 1 
e = A sin P ci ± tan-1   

p cos ohnd 

Let 
sin 

  = a. 
p + cos o.),„t 

where 

ao = 

al =- (ho )A1 
2  

A 
a2= (h, — p112) — 

2 

A 
(pho — —) A 

2  2 

A 

2 

br A = (ph, - hr+i) — 
2 

r = 1, 2, 3, • • • . 

For reasonable accuracy a fundamental and four 
sideband components (two pair) would be sufficient. 
When applied to a diode circuit, this expression will 
have different coefficients due to the selectivity of the 
circuit. Equation (14) will become 

r..eco 

a3 = (Ph3 — /14) 

ao = (ha - Ph4) 

C = ao sin coat E - 1)'[13, sin (co, - rwco)t 

- a, sin (o),  rwen)1].  (15) 

The output of the diode (linear detector) is3 

E= 

Let 

[a2 2  a2 2  a2 2  012 ±  02 

+  2 ( M al  a0P1  clia2  PA) cos 

▪ 2(ce0ce2 ao132  a01) cos 2ohnt 

▪ 2(a1132  01,22) cos 3wt  2002 cos 4.4,41/2. (16) 

Went 

a02 al2 a22 1312 + 022 = 
(11) 

e = A sin (wet + a) = A (sin cod cos a  cos coct sin a) (12) 

where sin a =sin co,„1(1-Fp2+2p cos co/)-1/2 and cos 
a= (p cos coent)(1+ p2-1-2p cos wr„t)-1/2. Substituting 
(1 -1-p2) =g, 2p/g=g, and expanding (1 -Fp2-1-2p cos 
(0,4)-3/2 in terms of the harmonics cos n co„t, 

sin wt '• 
sin a =  E - 1)'11, cos 'v.1 

q"2 r-o 

where 

and 

p cos cord 
cos a =  L(  1)'h, cos rwent 

q''2 

k=xs 

=  1 +  E 
k•-• I 

r-0 

(4k - 1)!g2k 

22(3k-1 )k!(2k)!(k - 1)! 

(4k + 2r - 1)!g2 k+r 

(2k + r - 1)!2(1k42 '-2 'k!(k  r)! 

(13a) 

Substituting (13) and (13a) into (12), we obtain 

r+eo 

C = ao sin cod  E(- 1)r[b, sin (oh -  
r-I 

- a, sin (co, + r)11  (14) 

and the rest of the expression under the radical = e. 
Then 

E= (it' +e)112=4,112 (1+ € )1" 

= E = 01/2 [1 + ±-  2 1 .1 - (1+  e 
24,  2.4 4, 2.4 6 4, 

(13)  4,112 is the first approximation of direct-current corn-
ponent =D. The odd powers of (e/4,) do not contain 
constant term and, as we are interested only in the di-
rect-current component, can be neglected. The constant 
part of the second term is: 

2 
1 = —802 Raoai  aoSi  ata2  131132)2 

+ (a0012 + «0132 + 0002 + (a02 + 131a2)2 

(a202) 21 • 
(18) 

For p>2 the series for D converges rapidly and the 
first two terms give an accuracy sufficient for all prac-
tical purposes. 
The direct-current component of a diode is D1̂..44/110 

+7. 

W. L. Everitt, "Communication Engineering," chap. 13, pp. 
407; McGraw-Hill Book Co., New York, N. Y. 
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High-Frequency Excitation of Iron Cores 
J. D. COBINEt, SENIOR MEMBER, I.R.E., J. R. CURRYI, ASSOCIATE, I.R.E., 

CHARLES J. GALLAGHERt, AND STANLEY RUTHBERG§ 

Summary—Several iron alloys intended for use in wide-band 
transformers were studied from the point of view of core loss and 
exciting impedance. Techniques for studying these properties are 
described, using both high-frequency sine-wave and wide-band 
random-noise excitation. The frequency range of 0.1 to 5 megacycles 
was covered. Materials investigated include hipersil, monimax, 
molybdenum perrnalloy, and B9W4A. 

INTRODUCTION 

THE OBJECT of this research was to make a 
thorough study of the electrical properties of 
iron-core coils, such as are used in transformers, 

at frequencies up to 5 megacycles for both sine-wave 
and random noise excitation. 

SIMPLE THEORY OF CORE LOSSES , 
AND EXCITING IMPEDANCE 

The core losses of transformer iron are usually de-
termined as a function of the magnetic-flux density B. 
For low-frequency sine-wave excitation, the eddy-cur-
rent power loss P. is given by 

af2t2B„,2V  (1) 

where f is the frequency, 1 is the thickness, B„, is the 
maximum value of flux density, V is the volume of iron, 
and a is a constant for the material. The hysteresis loss 
P h for sine wave is proportional to the number of loops 
traced per second, and to the maximum flux density 
raised to some power. Usually the Steinmetz law holds, 
namely, 

Ph =  V B„,1•6V  (2) 

where 7 is another constant for the material. The value 
of B„, is proportional to E/fNA where E is the root-
mean-square voltage across the core winding, N is the 
number of turns, and A is the cross-sectional area of 
the core. 

With noise excitation, no simple relations exist be-
tween E and B„„ since the applied voltage varies in a 
completely random manner, and contains not one fre-
quency but a whole band of frequency coniponents. 
The eddy-current loss with noise excitation has been 

• Decimal classification: R282.3. Original manuscript received by 
the Institute, July 20, 1946; revised manuscript received, January 9, 
1947. This work was done in whole or in part under Contract No. 
OEMsr-411 between the President and Fellows of Harvard College 
and the Office of Scientific Research and Development. 
t Formerly, Radio Research Laboratory, Harvard University; 

now. Research Laboratory of General Electric Co., Schenectady; 
N. Y. 
t Formerly, Radio Research Laboratory, Harvard University; 

now, Thompson Chemical Laboratory, Williams College, Williams-
town, Mass. 

Formerly, Radio Research Laboratory, Harvard University; 
now, University of Michigan, Ann Arbor, Mich. 

studied theoretically by Middleton.' The theory of 
hysteresis loss with noise excitation has not been de-
veloped. The solution of this problem is very difficult 
because the loss depends both on B„, and on the rela-
tion between B and II, the magnetic field. The relation 
between B and II depends on the wave form, and, for 
noise, the exact B-II Curve cannot be determined. 
Fig. 1 shows a possible B-II path with noise, together 
with a normal induction curve and a sine-wave loop. 

NORMAL INDUCTION CURVE 

- - SINE WAVE 

-  NOISE 

Fig. 1—B-H characteristics. 

To study sine wave and noise, it seems reasonable to 
determine the total iron loss as a function of E/NA, the 
quantity which determines B„, for a fixed frequency or 
frequency band. For convenience, we shall refer to 
E/NA, the "excitation." In obtaining losses with noise, 
we are concerned in general only with flat voltage 
spectra; i.e., the root-mean-square noise voltage meas-
ured by a narrow-band spectrum analyzer is inde-
pendent of frequency. In general, losses with noise will 
depend on the frequency limits of the noise. Thus we 
shall obtain a series of curves of loss versus excitation, 
with different frequencies for sine wave, and different 
frequency limits for noise. Since the losses will depend on 
the size of the iron core, it is convenient to obtain the 
loss per gram, or specific loss. 

The factors which contribute to the exciting im-
pedance may be considered in an elementary way. An 
ordinary iron-core inductance is represented elec-

D. Middleton, "An approximate theory for eddy-current loss 
in transformers excited by sine-wave or by random noise," Radio 
Research Laboratory Report No. 411-264. Available at Harvard 
War Archives, Littauer Building, Harvard University; also, Paoc. 
I.R.E., vol. 35, pp. 270-282; March, 1947. 
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trically by Fig. 2(a), where Ep is the voltage applied 
across the winding, E is the voltage actually effective 
in exciting the core after the voltage drop in the leakage 
inductance L, is subtracted, L is the inductance of the 
core, and R is the effective resistance which is produced 
by the core losses. If the winding contains only a few 
turns and is close to the core, E may be assumed equal 
to E,, and we then have the simplified circuit of Fig. 
2(b). 

(a) 

(b) 

Fig. 2—Equivalent circuits of an iron-core coil. 

The loss component of the exciting impedance R can 
be estimated from the simple theory. As a reasonable 
approximation for low excitations,2 assume that the 
exponent in the Steinmetz equation may be set equal to 
2, rather than 1.6. The volume of the core may be taken 
as the product of the area A and the mean length of the 
magnetic circuit 1. 

P. = af12B„,2A1  (3) 

and 

Ph  7fB„,2A1.  (4) 

For sine-wave excitations 

E = bArAfB„,  (5) 

where 3 is a constant. The value of R is defined by the 
relation 

E2 
R=   (6) 

P. -I- PA 

From (3), (4), (5), and (6), we obtain 

N2A /1  NM /1 
R —   (7) 

(a12 7 ) 
62  oy 

It will be noted that F depends on the frequency, the 
material, and the lamination thickness, but does not 
depend on the core geometry. Thus, from this simple 
theory, the power loss for different cores should be 

2 Electrical Engineering Staff, M.I.T., "Magnetic Circuits and 
Transformers," p. 129, John Wiley and Sons, Inc., New York, N. Y., 
1943. 

roughly proportional to ///sPA, if E is assumed 
constant. 
The inductance L of the core is 

L = #111t12A /1  (8) 

where /3 is a constant and ji is the variational perme-
ability. Then the reactive component of the exciting 
impedance is 

X = 22rfL = 27/3A/N2A//. 

The exciting impedance is 

—  RX  20fil 
Z  

yR2 + x2  N/1 ± (27FfIfis)2 / 

Thus, both the resistance and the impedance can be 
expressed as the product of two factors. One contains 
the frequency, the thickness, and the constants of the 
material, and the other depends on the number of 
turns and the geometry. 

(9) 

(10) 

TYPES OF TRANSFORMER MATERIALS 
The materials studied were as follows: 

hipersil  —0.001 and 0.002 inch ("C" Butt) 
molybdenum 
permalloy —0.001 inch (continuous ribbons) 

B9W4A  —0.004 inch (C— I Punchings) 
monimax  —0.003 inch (C— I Punchings). 

The investigation covered core sizes ranging from 1 X 1-
inch area with a mean length of 31 inches to 11 X 11 
inches with a mean length of 14 inches. 

EXPERIMENTAL METHODS OF INVESTIGATION 

The exciting impedance of a core may be studied di-
rectly by current-voltage measurements. For sine-wave 
excitation the technique is well understood and presents 
no special problems. With noise, it is necessary to specify 
how the currents and voltages are to be measured. In 
general, the quantities of interest are the root-mean-
square values of current and voltage, which may be 
measured with wide-band thermocouple instruments. 
The ratio of root-mean-square noise voltage to root-
mean-square noise current defines a noise-exciting im-
pedance which depends on the shape and frequency 
limits of the noise spectrum. This we may call the 
"wide-band impedance," Z,.. 
A pseudo-sine-wave impedance for noise may be de-

fined by taking the ratio of the noise voltage in a small 
frequency range to the noise current in that same range. 
This ratio we shall call the "narrow-band noise im-
pedance," to be denoted by the symbol Z. In general, 
it will be a function of frequency. This impedance must 
be measured with a wave analyzers which measures the 
noise voltage in a small frequency range centered at the 
desired frequency. The noise voltage is obtained by 

$ G. P. McCouch and P. S. Jastrarn, "Video spectrum analyzer," 
Radio Research Laboratory Report No.411-96, July 10, 1944. 
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measuring the spectrum of the voltage across the core. 
The noise current is obtained by measuring the spectrum 
across a known series resistor. 
The total core lcss may be measured directly for both 

sine wave and noise exelation. For sine wave the hys-
teresis and eddy-current components can be separated.• 
For noise no such separation is possible. Two methods 
were used in measuring total losses: 

1. Calorimeter Measurements 

This method involves a direct measurement of power 
dissipated by immersing the core in a calibrated calorim-
eter filled with transformer oil, and noting the tem-

perature rise for a definite interval of time. To calibrate 
the calorimeter, a known amount of power is intro-
duced into the calorimeter for the same time interval. 
This method gives results with errors of the order of 
10 per cent. Care must be taken to make calibrations 
and heat runs under approximately the same conditions 
of room temperature. This method is applicable to both 
sine-wave and noise excitation. The chief disadvantage 
is the time required to make a single measurement. 

2. Current-Voltage Method 

This method can best be explained by considering the 
circuit of Fig. 3. The effective resistance and reactance 

Fig. 3—Circuit for power measurement. 

of the core are represented by R and X, respectively. 
Both R and X will depend on frequency and, to some 
extent, on excitation. The current through the shunt-
ing resistance R1 can be passed through the meter or 
shunted around it by the switch S. Let E be the root-
mean-square voltage across the core. Then, with the 
switch at A, the root-mean-square current through the 
meter is 

E  V 1  1 
I = — = E  —  — •  (11) 

Z  R2 X2 

With E held constant (both amplitude and frequency 
characteristics), the switch is shifted to B. The root-
mean-square current through both R1 and core then 

'See page 151 of footnote reference 2. 

passes through the meter. This current is 

1  l \'  1 

= / (R  ) 
— 
RI Xs 

Squa-ing both equations, and subtracting 
(12), we obtain 

_ 12 E21  + _1)(1) 1 
\R  RI/ \Rd J 

Since the power dissipated in the core is 

E2 

we obtain for the power finally 

1  E2 
P  . ,[(Ii2  12)R1 

2  RI 

Thus, if the currents and voltages are measured on root-
mean-square-reading meters and the value of RI is 
known, the power is obtained from a simple calculation. 
It must be emphasized that the value of E must be 
identically the same in both current measurements. 
The current-voltage method in general is more satis-

factory than the calorimeter method. The errors are 
about the same in magnitude, i.e., 10 per cent, and the 
time required for measurements is much less. Careful 
checks were made to compare the two methods and the 
power losses obtained were in good agreement, even 
though the current-voltage method is not rigorously 
applicable to noise. Some of the data presented in this 
paper were obtained by calorimeter and some by cur-
rent-voltage technique. No attempt wilt be made to 
distinguish between the two in the discussion to follow. 

(14) 

(15) 

EXPERIMENTAL RESULTS 

Impedance Measurements 

The expression for Z(10) indicates that Z is inde-
pendent of excitation except for the variation in ii, 
which is small in the range covered. It was found that Z 
increased only slightly with excitation, and the error in 
assuming it independent of excitation is less than 10 per 
cent. 

The dependence of Z on MA// is shown graphically 
in Fig. 4(b) for sine wave. The ratio of the impedance 
to /V2A// is plotted as a function of frequency for a num-
ber of cores of 2-mil hipersil. Although the cores were 
quite different in size, the curves should lie fairly close 
together, if (10) is a good approximation. As the curves 
show, the agreement with the equation is not very 
satisfactory. A better result is obtained by plotting 
Z/N2A against frequency (Fig. 4(a)). Apparently the 
length of the magnetic circuit does not play an im-
portant part in determining the impedance, possibly 
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because of the presence of small air gaps. The spread in 
the curves of Fig. 4(a) is probably caused by core-to-

core variations in 
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Fig. 4-Impedance characteristics of 0.002-inch hipersil with sine-
wave excitation. 

No.  Area (cm.2)  Mean length (cm.) 
6  0.605  8.9 
7  1.61  12.5 
10  10.1  24.3 

N = 30 
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Fig. 5-Sine-wave and narrow-band noise impedances (Z and Z.) 
as functions of frequency for 0.002-inch hipersil. 

Core No. 4, mean length =6.75 centimeters 
cross section =0.95 X0.635 centimeter 

Core No. 8, mean length 14.9=  centimeters 
cross section =0.48 X1.27 centimeters. 

Fig. 5 shows ZI N2,4 and Zn/N2A for two hipersil cores 
of different length and substantially the same cross-
sectional area as functions of frequency. The agree-
ment between Z and Z„ is remarkably close over the fre-
quency range studied. In fact, we may consider them to 

be identical. 
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Fig. 6-Z/N2A versus frequency for hipersil cores of different 
cross-section A and thickness T. 

Fig. 6 shows Z/N2A for two sizes of hipersil core, 

each size available in 1-mil and 2-mil thickness. As 
(10) indicates, the imredance increases as the thickness 
is decreased. Each curve represents the average value 

for five cores. Deviations from the average value may be 
as high as 50 per cent, due to variations in  Fig. 7 
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Fig. 7-Z/N2A versus frequency for three materials. 
(a) 0.003-inch monimax 
(b) 0.001-inch molybdenum permalloy 
(c) 0.002-inch hipersil. 

10 

permits a comparison between the imredance values of 

hipersil, monimax, and molybdenum permalloy. The 
impedance is lowest for hipersil, highest for permalloy. 
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The dependence of wide-band impedance (2,,) on  the ratio of ordinate to abscissa is Z./N2A/1. This curve 
bandwidth is shown in Fig. 8 for one hipersil core. The 
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Fig. 8—Wide-band impedance versus bandwidth for 0.002-inch 
hipersil. Slope of line =0.5. 

lower frequency limit was kept at 100 kilocycles per 
second. The line La drawn to have a slope of 0.5. The 
near coincidence of the points with the line shows that 
the impedance is nearly proportional to the square root 
of the bandwidth, as long as the frequency is not high 
enough to permit shunting capacitances to be important. 
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Fig. 10—Core loss characteristics for sine-wave excitation. 
(a) 0.002-inch hipersil 
(b) 0.001-inch hipersil 
(c) 0.001-inch molybdenum permalloy. 

Fig. 9 presents essentially the same data from a different 

aspect. Here are plotted values of E/NA (excitation) 
against NI/1 where I is the exciting current. Note that 

4 

(c) 

0.4 

6  8  0 

0.6 

Core Losses 

Curves of specific core loss (watts per gram) versus 
excitation are shown in Fig. 10 for sine wave, and in 
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Fig. 11—Core-loss characteristics for noise excitation of different 
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(b) 0.004-inch I39W4 
c) 0.003-inch monimax. 

(These curves are for a ntimher of different cores, "Max." inc!icating 
the maximum loss observed and "Av." the average of all the cores.) 

Fig. 11 for noise. Note that all curves can he represented 
by equations of the fc.rm P=K(EINA)z, where x 
varies between 1.8 and 2.1. Fig. 10(a) and (b) show 
the loss for 2- and 1-mil hipersil cores at different fre-
quencies. It will be noted that the losses for the 1-mil are 
less than for the 2-mil core. Fig. 10(c) presents loss 
data for 1-mil permalloy. 
Fig. 11 shows the variations of specific loss with 

excitation for different noise bandy, idths. The materials 
here are 2-mil hipersil, 4-mil B9W4A, and 3-mil 
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monimax. The losses in general decrease as the band-
width is increased at constant excitation. In fact, the 
loss appears to be inversely proportional to the square 

root of tl-,e bandwidth (see Fig. 12). 
Fig. 13 shows a lot of specific loss xersus noise-volt-

amperes per gram for a number of hii ersil cores with 
different turns and sizes, and for different bandwidths. 
The ratio of the ordinate to the abs( issa is readily 
show n to be the power factor of the core. Curve A is 
drawn to have unity power factor. The minimum power 

010 

0.08 

0.08 

0.04 

X 0'02 

0.0 

0.0 

0.0 

0.0 

0 

0 

0 

VOLTS PER 
TURN4M2 

0 ,,,,  2.0 

0  

8  
1.0 

18 

14* '•%4L '̀..,.,„,  

o 
0.5 

12 

025 
01 

2  4  8  810 
BANDWIDTH -MC/SEC 

Fig. 12—Core loss versus bandwidth of noise for 0.002-inch 
hipersil. 

factor for the various points is about 0.46. The aver-
age value is 0.69, as shown in curve B. This curve repre-
sents most of the points quite well, especially in the 
high-excitation range. Despite the arbitrary differences 
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in size of core, number of turns, and noise bandwidth, 
the points fall quite close to the average line, so that 
this line may be used to predict approximately the 
losses from 2-mil hipersil. 
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Fig. 13—Specific losses 
0.002-inch hipersil. 

(A) Power factor =1.000 
(B) Power factor =0.690 
(C) Power factor =0.465. 

as function of specific 

6 10 

volt-amperes for 

The hysteresis and eddy-current losses may be sepa-
rated in the usual manner for sine wave.' The calculated 
eddy-current loss is plotted as a function of frequency 
in Fig. 14. The curve agrees qualitatively with the 
theoretical curve obtained by Middleton.' 
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Fig. I4—Eddy-current loss for 0.002-inch hipersil with sine-wave 
excitation; B=400 gauss. 

B-H Curves 

A picture of the hysteresis effect may be obtained by 
studying the B-H loops for a core. These loops may be 
obtained on an oscilloscope screen by using the cir-
cuit .shown in Fig. 15. According to Faraday's law, 
B. —(1/NA)fedt. Thus, if we shunt the core with a 

simple resistance-capacitance integrating circuit, the 
integrated voltage developed across the capacitor C will 
be proportional to B. The voltage developed across a 
small series resistor is proportional to the existing cur-

CRO 

Fig. 15—Circuit for B-Hcyclogratns. 

rent, and hence to II. These two voltages are applied si-
multaneously to the vertical and horizontal deflecting 
plates of an oscilloscope, and the pattern obtained has 
the shape of the B-Hcurve. Distributed capacitance was 
kept to a minimum to reduce the uncertainty in H. 

- 1 (0.7. 117) 

10.71. 11) 
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(0.8.22) 
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Men, 

11-c 

Fig. 16—Sine wave B-H curves for 0.002-inch hipersil for two values 
of excitation. N=30, A =0.605 centimeter squared, 1=8.85 
centimeters. Parentheses indicate peak values of H in oersteds 
and B in gauss. 

(a) 1=0.2 megacycle 
(b) 1- 1.0 megacycle 
(c) 1=3.0 megacycles. 

Photographs of the resulting patterns are shown in 
Figs. 16 and 17 for a 2-mil hipersil core. The photo-
graphs in Fig. 16 were obtained with sine wave for 
two values of excitation (I and II) and at three fre-
quencies (0.2, 1.0, and 3.0 megacycles). Similar photo-
graphs are shown in Fig. 17, I-b and II-b for noise, for 

' I-s 
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Fig. 17—Noise characteristics of 0.002-inch hipersil. N=30, A 
=0.605 centimeter squared, /=8.85 centimeters. Parentheses 
indicate peak values of H in oersteds, and B in gauss. 

Peak-to-Peak 
Voltage 

66 milliamperes root-mean-square  307 
11  20 milliamperes root-mean-square  72 

(a) Voltage versus time 
(b) B versus H 
(c) B versus time 
(d) H versus time. 

show the "wave form" of the noise voltage applied to 
the core, I-c and II-c show the wave form of the inte-
grated voltage across the capacitor, and I-d and II-cl 
show the current wave form. 
From the hysteresis loops shown, the effective per-

meability Az• can be calculated from the relation 

B maX 

H mour 

Values of II. obtained for the sine-wave case are plotted 
in Fig. 18 as a function of frequency. The permeability 
is seen to decrease with increasing frequency, just as 
might be expected from theory.' The evaluation of the 

— 

approximately the same values of excitation, for a 
bandwidth of 2.7 megacycles. In Fig. 17, I-a and II-a 

10,..5;.135a  

1 M O 

NO 225 
(0.5.112) 

Ile  355 

11. 268 
(0.25.67) 

Ii , 

12-6 

Exciting Current 

effective noise permeability is not quite so simple be-
cause the loops are not symmetrical. This dissymmetry 
is probably the result of clipping in the noise source, 
i.e., the applied voltage itself is not symmetrical. One 
can calculate an average permeability, however, by 
using the maximum values at both extremes of the 
loop. The average values of p. thus obtained is about 
270, which corresponds to the value for a sine wave of 
about 100 kilocycles. Thus the lower-frequency limits 
of the noise determine the envelope of the B-H noise 

loop. 

200 
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Fig. 18—Dependence of  of 0.002-inch hipersil on frequency 
for constant excitation. 

The hysteresis loss per cycle can also be calculated 
from the area of the sine-wave loop.5 For noise, the 
value of the loss as obtained from the hysteresis loop is 
meaningless because of the frequency factor. Also, the 
noise loop is itself made up of many re-entrant loops 
(see Fig. 1), so that the area enclosed is indeterminate. 
It was found that a large superimposed direct-current 

magnetizing force is required to produce any appreci-
able change in core loss. In fact, for 1-mil hipersil, with 
a variational component of the magnetizing force of the 
order of 0.1 oersted, a direct-current magnetizing force 
of 2 oersteds caused no change at all, and further in-
creasing the direct-current force to 4.8 oersteds reduced 
the losses by about 10 per cent. The variational — is 
low and most of the loss is associated with small random 
loops and is not affected by their location on the mag-
netization curve. 
The data obtained in these studies were used to de-

sign an iron-core transformer delivering 350 watts of 
random noise into a 50-ohm load. The frequency range 

was from 0.1 to 2.5 megacycles. 
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Wide-Range Double-Heterodyne Spectrum Analyzers* 
L. APRERt, J. KAHNKEL ASSOCIATE, I.R.E., E. TAFTt, AND R. WATTERSt 

ASSOCIATE, 1.R.E. 

Summary—Spectrum analyzers using double-heterodyne con-
verter units can cover very tide frequency bands. A typical instru-
ment described in this paper covers the range from 10 to 3000 mega-
cycles. The signal frequency is changed to 24,600 megacycles by a 
crystal mixer and a special beating oscillator. A band-pass filter net-
work rejects undesired frequencies and passes the output of the first 
mixer to a second crystal, where the frequency is reduced to 115 
megacycles. A narrow-band amplifier increases the level at this fre-
quency and drives a cathode-ray presentation unit. 
Also mentioned are two other analyzers using production oscilla-

tors and covering smaller ranges. The succeeding sections of the 
paper discuss qualitatively the following points: frequency stability, 
losses and noise figure, and suppression of spurious responses. 

I. INTRODUCTION /T HAS been known since 1925 that a receiver using 
two heterodyne stages separated by a relatively 
high-frequency band-pass filter is capable'of recep-

tion over a very wide range.1.2 In previous applications 
of this principle, the filter was incorporated in an 
amplifier. The noise figure was accordingly determined 
only by the quality of the first mixer and by that of the 
first tube in the amplifier. The frequency range over 
which such a receiver will operate is equal to that 
covered by the beating oscillator which drives the first 
mixer. A very wide frequency band may be covered, 
therefore, by using ultra-high-frequency oscillators. 
This scheme is useful in spectrum analyzers. Since 

amplifiers are not available at the high frequencies most 
useful in this work, however, the noise figure and the 
suppression of spurious responses are affected by the 
quality of both the first and second mixers as well as 
that of the band-pass filter. This paper discusses 
qualitatively some general considerations useful in the 
design of this type of analyzer. 

II. TYPICAL EXPERIMENTAL ANALYZERS 

Fig. 1 is a photograph of an analyzei* designed to 

• Decimal classification: R371.2. Original manuscript received by 
the Institute. July 10. 1946; revised manuscript received. September 
19, 1946. Presented, New York Section, I.R.E.. May I. 1946: re-
sented, Williamsport Section. 1.1e .E.. Williamsport. Pa., September 
4, 1946. This paper is based on work done for the Office of Scientific 
Research and Development under Contract, No. OEMsr-931 with the 
General Electric Company. 
t Research Laboratory, General Electric Company, Schenec-

tady, N. Y. 
Engineering Research Associates, Inc., St. Paul, Minn. 

1 H. F. Elliot, U. S. Patent No. 1,867,214: December, 1925. 
1 Harvey Kees, "Receiver with 2 megacycle i.f.," Ekdrun its, vol. 

18, pp. 129-131; April, 1945. 
1 The predecessor of this analyzer is one developed by J. H. Rubel 

to cover the range from 100 to 1400 megacycles. The following fre-
quencies are used in this earlier instrument to drive a single crystal 
mixer connected to the input of a 50-megacycle narrow-band am-
plifier: (I) the signal :.(2) the output of a beating oscillator variable in 
frequency from 8300 to 9600 megacycles; and (3) the output of a 
beating oscillator fixed in frequency at 9750 megacycles. This work 
was done for the Office of Scientific Research and Development un-
der Contract No. OEMsr-931 with the General Electric Company. 
At this date it has been discussed only in reports having limited dis-
tribution. 

cover, with a single tuning control, the frequency range 
from 10 to 3000 megacycles. Fig. 2 is a schematic dia-
gram showing its principal components. 

Fig. 1—Front view of analyzer for the frequency range 10 to 3000 
megacycles. I. Signal input. 2. Frequency meter. 3. Main tuning 
control. 4. Second-beating-oscillator tuning control. 5. "I 'resenta-
tion suitch." 6. Gain control. 7. Automatic-frequency-control 
crystal-current meter. 

The signal is applied to the first crystal mixer in a 
two-crystal converter unit shown schematically in Fig. 
3. The pertinent components are enclosed in a dashed 
line in Fig. 2. In the first crystal, the signal is mixed 
with the output of the first reflex beating oscillator, which 
is thermally tunable from 24,590 to 21,600 megacycles.* 
The frequency of this oscillator is also swept elec-
tronically in synchronism with an oscilloscope trace 
in the usual way.* A band-pass filter rejects unde-
sired components in the output of the first mixer and 
delivers the 24 .6CC-megacycle power to a second crystal 
mixer, which reduces the frequency to 115 megacycles. 
The level is increased at the latter frequency by a nar-
row-band amplifier until it is sufficient to permit detec-
tion, video amplification, and presentation in the usual 
fashion.° 

The authors are indebted to J. 0. McNally and P. Kusch of the 
Re II Te leph one Labcrateries for the speck I beating oscill 'tors used.in 
this work. To J. M. Lafferty cf this labcratcry the authcrs are in-
eebtet' for special mechanically tunable oseillaters. 
• F. J. Gaffney. "A spectrum analyzer for microwave pulsed oscil-

lators." presented, I.R.E. Winter Technical Meeting, January 25, 
1946, New York, N. Y. 

• Everard M. Williams. "Radio-frequency spectrum analyzers,' 
Pitoc. I.R.E., vol. 23, pp. 18-22; January, 1946. 
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Two resonant-cavity transmission filters separated 
by a quarter-wavelength of wave guide and tuned to 
24,600 megacycles make up the band-pass filter. The 
pass band is about 40 megacycles wide. There is a 
resonant-cavity rejection filter with roughly the same 
bandwidth coupled to the wave guide approximately 
one-half wavelength from each of the crystal mixers. 

FREQUIENCY 
1ETER 

1ST BEATING 
OSCILLATOR 
21600-24600  
 a 

SIGNAL 
INPUT LINE 
10-3000 

1ST 
CRYSTAL 
MIXER 

TO 
REPELLER 

BAND PASS 
FILTER 

24600 *20 

1ST CRYSTAL 
VOLTAGE 
AMPLIFIER 

VOL7C)AGEM 
GENERATOR 

HORIZONTAL-. 

AFC 
AMPUF1ER - 

DISCRIMINATOR 
1 
AFC 

CRYSTAL  

AFC 
FILTER 
2471552 

-  2ND  - 
CRYSTAL = 
MIXER 

2ND BEATING 
OSCILLATOR 
24715 

= MID 
115 0.1 
AND VIDEO 
TH.-PRESENTATION SWITOrl 
Li ...VERTICAL 

CATHODE RAY 
OSCILLOSCOPE 

Fig. 2—Schematic diagram showing principal components of the 
analyzer in Fig. 1. Loss-frequency lines are shown single; wave-
guides, crosshatched.1 he dashed line encloses the converter unit. 
Frequencies are given in megacycles. 

These cavities are also tuned to 24,600 megacycles and 
act at this frequency as high impedances in series with 
the guide. They serve to decouple the mixers from the 
beating-oscillator lines and reduce the loss of 24,600-
megacycle power. Their effect at other frequencies is 
negligible, of course. They are placed at the proper posi-
tions to effect optimum transfer of 24.600-megacycle 
power from the first mixer to the second. They should be 
considered part of the filter network. 
The input line is standard 50-ohm coaxial cable ter-

minated at the converter unit with a 55-ohm disk resis-
tor. The signal is applied by way of the usual type of 
"crossbar" perpendicular to the plane of Fig. 3 at the 
middle of the wave guide. The first crystal is connected 
in parallel with the disk. Since the impedance of the 
crystal at signal frequencies is of the order of magnitude 
of 500 ohms, the input line remains reasonably well ter-
minated as the analyzer is tuned over its range. 
The frequency meter is a standard type of absorption 

cavity coupled through a small hole in the broad side of 
the first-oscillator wave guide. At the frequency for 
which it is tuned it reduces the power incident on the 
first crystal, producing about a 5 per cent decrease in the 
voltage across the unit. The first-crystal-voltage ampli-
fier, shown in Fig. 2, is connected to the crystal through 
a 2000-ohm decoupling resistor to prevent any apprecia-
ble influence on the impedance of the signal input line. 
The "presentation switch" permits the display of the 
crystal voltage on the oscilloscope as a function of the 
horizontal sweep voltage and therefore, of course, as a 
function of frequency. The effect of the frequency meter 

is to produce a small reversed "pip" on the crystal-volt-
age display. Because of the small coupling capacitor 
shown in Fig. 2, any signals present on the output of the 
115-megacycle amplifier will also appear as small dif-
ferentiated "pips" on the first-crystal-voltage oscillo-
scope display. 
The horizontal sweep frequency is normally 60 cycles. 

A phasing control is provided to facilitate inspection of 
signals which happen to be pulsed or modulated at this 
frequency. In addition, the sweep frequency may be var-
ied from 40 to 90 cycles if desired. 
The second beating oscillator is held close to an aver-

age frequency of 24,715 megacycles by a standard type 
of automatic frequency control. A small 60-cycle sine-
wave voltage is applied to the repeller of the oscilla-
tor in order to produce about 1 megacycle of frequency 
modulation on its output. A portion of the output 
power is delivered to a resonant-cavity transmission 
filter with a bandwidth of about 5 megacycles centered 
at 24,715 megacycles. The amplitude-modulated output 
of the filter is rectified by the automatic-frequency-con-
trol crystal shown in Fig. 2 and is applied to the input of 
a 60-cycle amplifier and phase discriminator. The phase 
of the amplitude modulation changes by 180 degrees as 
the frequency of the second beating oscillator passes 
from one side of the filter resonance point to the other. 

TRANSMISSION FILTERS 

CRYSTAL *I 

AYTENUATOR 

n / 

OSCILLATOR • I 
INPUT 

CRYST 

CRYSTAL 62 

X  
REJECTION  FILTERS 

FREQUENCY METER 

ATTENUATOR 

AFC 
TRANSMISSION 
FILTER 

OSCILLATOR • 2 
INPUT 

Fig. 3—Schematic diagram of the converter unit. The input and out-
put lines are perpendicular to the plane of the diagram and are 
shown by dots at the ends of the center conductors to the crystal 
cartridges. 

The direct-current output of the discriminator accord-
ingly changes sign and passes through zero at resonance. 
It is returned to the thermal tuner of the beating oscil-
lator in such a direction that the 60-cycle component in 
the output of the crystal is reduced to zero. The fre-
quency of the oscillator is thus held at the center of the 
pass band of the automatic-frequency-control transmis-
sion filter. 
The 115-megacycle amplifier is made up of seven 

sharply tuned stages operated at a maximum gain of 
about 17 decibels per stage. The over-all bandwidth is 
200 kilocycles, and this is roughly the resolving power 
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of the analyzer.7 The tuning elements are high-Q, capac-
itance-loaded sections of coaxial line connected in the 
grid circuits of the amplifier tubes. The amplifier proper 
is followed by a diode detector, a logarithmic video-am-
plifier stage, and a cathode-follower stage, all mounted 
on the same chassis. A photograph of the top chassis of 
the analyzer is shown in Fig. 4. The resonant-line tuning 
elements may be seen projecting from the top of the 
amplifier chassis. 
Other converters have been constructed for the ranges 

from 10 to 1200 megacycles and from 1100 to 2400 
megacycles by using production beating oscillators op-
erating over various parts of the frequency range from 
7000 to 9600 megacycles. 

Fig. 4—Top view of the upper chassis showing the mounting of the 
converter unit and the 115-megacycle amplifier. 

The power supplies in all cases are of the usual elec-
tronically regulated type. The ripple on the 300-volt 
beating-oscillator plate supply is held to less than 5 
millivolts. 

The analyzer described first in this section will be 
mentioned to illustrate points in the following parts of 
this paper. Except as noted, the arguments apply 
equally well to the other analyzers mentioned. 

III. FREQUENCY STABILITY 

A relatively high degree of frequency stability is re-
quired of the beating oscillators in double-heterodyne 
analyzers. This stability is attainable, however, with 
modern reflex oscillators and with properly regulated 
power supplies. Types of instability are the following: 
(1) Slow drifts in frequency, principally due to ther-

mal effects (if automatic frequency control is used, this 

7 A detailed discussion of the factors determining the resolving 
power of an analyzer is given by Williams in footnote reference 6. 

source of trouble is limited to the first beating oscilla-
tor). 
(2) Irregular rapid changes in frequency due mainly 

to vibration. 
(3) Rapid changes occurring at a 60-cycle rate and 

due to magnetic effects from the alternating currents in 
the heaters or to ripple on the plate power-supply volt-
ages. 
(4) The 60-cycle frequency modulation deliberately 

produced on the output of the second beating oscillator 
by the automatic-frequency-control circuits.° 
If both the first and second beating oscillators drift 

simultaneously by the same amount, the signal "pips" 
will, of course, remain stationary on the oscilloscope. 
Rapid changes of type (3) are frequently of this nature. 
Slow drifts of this sort occur only when automatic fre-
quency control is not used, and then only fortuitously. ' 
In order that the sensitivity remain constant, the at-
tenuation of the band-pass filter must be constant over 
a frequency range equal to the amount of the frequency 
drift. 

It is evident that cyclic variations in beating oscilla-
tor frequency occurring in synchronism with the oscil-
loscope sweep will produce no instability of the signal 
"pip." In the analyzers of Section II, both the fre-
quency modulation (4) and the sweep frequency are 
normally fixed at 60 cycles. A phasing control on the 
sweep-generator trigger permits examination of signals 
pulsed or modulated at this frequency. The only effect, 
then, of frequency variations of types (3) and (4) is to 
produce a slight shift of the signal "pip" when the phas-
ing control is used. This shift corresponds to a frequency 
change of less than 1 megacycle. 

If sweep frequencies other than 60 cycles are used, 
variations (3) and (4) cause a periodic shift of the signal 
"pip" equal to that produced when the phasing control 
is used. Since most of this shift is due to variation (4), it 
may be minimized by driving the automatic-frequency-
control circuits and the sweep circuits at the same fre-
quency, if variable sweep frequencies are often used. 
When the sweep bandwidth is set at its minimum value 

of 10 megacycles, instability due to the irregular fre-
quency variations (2) is not observable unless the ana-
lyzer is given an appreciable shock. Slow drifts of type 
(1) are such that no readjustment of the main tuning 
control is required over a period of ten minutes. 

IV. LOSSES AND NOISE FIGURE 

Since a spectrum analyzer is almost invariably in the 
vicinity of the signal source being investigated, large 
signal intensities are available. The noise figure is obvi-
ously not as important as it is in the case of receivers for 
distant and weak signals. The production of spurious re-

This difficulty may be eliminated in a refined instrument 
through the use of the automatic-frequency-control system recently 
proposed by R. V. Pound, "Electronic frequency stabilization of mi-
crowave oscillators," presented, I.R.E. Winter Technical Meeting; 
January 24, 1946, New York, N. Y. 
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sponses in the type of instrument discussed here becomes 
more noticeable, however, as the signal power is in-
creased. There is, in addition, the obvious restriction 
that the signal power must not be so great that the first 
crystal mixer is damaged. This point is not trivial when 
frequency spectra extending over wide ranges are to be 
examined. For these reasons, the large losses inherent in 
double-heterodyne reception at high frequencies must 
be held within reason and noise production must be 
minimized. 
The important losses of signal power occur as follows: 

(1) in the resistance disk that terminates the signal input 
line; (2) in the resonant cavities of the band-pass filter 
network; and (3) in the first and second mixers. The 
noise arises mainly in the second mixer crystal and in the 
first tube of the 115-megacycle amplifier. 
When operated efficiently, the normal crystal mixer 

presents an impedance of about 500 ohms to signals ap-
plied at its low-frequency terminals. The coaxial signal-
input line has an impedance of 50 ohms, however, and 
for quantitative work it is important that this line be 
terminated over the entire frequency range in something 
close to its characteristic impedance. To avoid the pro-
hibitive difficulties of broad-band transformers for 
transferring the signal power to the crystal efficiently, the 
55-ohm disk is used to terminate the line and efficiency 
is sacrificed. When the 500-ohm mixer terminals are 
shunted across this disk, the termination is quite satis-
factory. The slight variation in mixer impedance as the 
analyzer is tuned causes no difficulty. There is, of course, 
roughly a 10-decibel loss of signal power involved in 
this procedure. 
The losses in the resonant cavities are small compared 

to the other losses in the converter unit. The measured 
"unloackd Q" of the 24,600-megacycle cavities is about 
5000. The "loaded Q" is about 1000. Assuming that the 
effects of impedance mismatches in the converter unit 
are small, we arrive at a total attenuation of roughly 5 
decibels due to the two transmission filters. Approxi-
mately 0.5-decibel attenuation is due to each of the two 
rejection filters,9." since they produce merely high shunt 
impedances across the • crystal terminals instead of the 
infinite impedances produced by cavities with no dis-
sipation. 
The first and second crystal mixers are responsible for 

the most serious losses in the converter unit. The second 
mixer, converting 24,600 megacycles to 115, operates 
under almost the same conditions as the crystal in the 
normal superheterodyne receiver for the former fre-
quency. Roughly the usual 8.5-decibel loss is to be ex-
pected, then, at this point," and the level of the power 

9 If Qo is the "unloaded Q" and if Qi is the "loaded Q" of a single 
transmission filter, the transmission is given very closely by the 
quantity 1-20/Qo. The dissipation due to a single rejection filter 
is given by Q1/2Qo. See footnote reference 10. 
is A. L. Samuel, "An equivalent circuit for a microwave TR tube," 

Paper X9, Cambridge meeting, American Physical Society. April 27, 
1946. This information is also available in reports having limited dis-
tribution. 
II Since this was written the performance of these crystals has been 

from the second beating oscillator is important in deter-
mining the noise generated by the crystal. 
The first mixer, however, converts the relatively low-

frequency signal to 24,600 megacycles. It is well known 
that mixer networks do not in general have the same 
transmission in both directions." The same crystal may, 
accordingly, show different losses as a first and as a sec-
ond mixer."." Standard silicon crystals, however, usu-
ally show very nearly the same loss in the two positions. 
In the preceding discussion of losses we have treated 

the individual components of the converter unit as iso-
lated circuit elements. We have naively assumed that 
impedances were matched for maximum power transfer 
at the terminals of each component. Combining these 
individual losses, therefore, to obtain the total loss of 
the converter unit leads only to an estimate of the true 
value, since the assumption of an impedance match at 
all terminals is not justified. 
More accurate calculations treating the converter 

unit as a single complex network are tedious and will not 
be presented here. It may be interesting to mention, 
however, that such calculations verify the following 
points: (1) The input impedance of the first crystal 
mixer is about 500 ohms. As stated previously, this is to 
be expected from the behavior of the usual type of super-
heterodyne crystal mixer. This impedance is quite in-
sensitive to the load impedance connected to the output 
of the converter unit. This is not surprising, since the 
losses in the converter network are relatively high. (2) 
The total loss in the converter network and input termi-
nation agrees within 1 decibel with the value of 33 deci-
bels obtained by combining the losses of the individual 
components. The effect of internal impedance mis-
matches is, therefore, small. 
The measured noise output of the converter unit is 

essentially that of the second crystal" and corresponds 
to a "noise temperature" of about 2.5 (a level 4 decibels 
above thermal noise in the output resistance). This fig-
ure added to the 33-decibel total loss of the converter 
unit and input termination gives a noise figure of 37 dec-
ibels for the converter unit. The noise figure of the 
amplifier is 3 decibels. Using the well-known relations 

improved. It should also be noted that the resonant cavities in the 
converter unit make the second crystal mixer a "high-Q" system. The 
loss is, therefore, not exactly the same as in the usual broad-band 
superheterodyne mixer. 

12  L. C. Peterson and F. B. Llewellyn, "The performance and 
measurement of mixers in terms of linear-network theory," PRoc. 
I.R.E., vol. 33, pp. 458-478, July, 1945. 

13  This phenomenon, termed "reciprocity failure," is especially 
pronounced when some types of germanium rectifiers are used. Such 
crystals were furnished for experimental purposes by H. Q. North. 

14  This subject is treated in detail in a book. "Crystal Rectifiers," 
by H. C. Torrey and C. A. Witmer, to be published in the near fu-
ture. We are indebted to Dr. Torrey for information given us in ad-
vance of publication. 

19  Measurements show (principally because of the subsequent 
losses in the converter network) that the noise generated in the first 
crystal is not important. The power level of the first beating oscilla-
tor, in contrast to that of the second, is thus not limited by noise 
generation in the crystal. The loss in the first mixer may therefore be 
decreased somewhat by raising this power level until it is limited by 
the oscillator itself or by crystal damage. 
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In the case above this gives 

2-1 
5000 (or 37 db)-F 

1/2000 (33 db) 

for the noise figure of two networks in cascade," we ar-
rive at an over-all noise figure for the analyzer of 38.5 
decibels. The sweep frequency of the analyzer is suffi-
ciently low to allow the 115-megacycle amplifier re-
sponse to build up to its equilibrium value in the time 
required for the analyzer to sweep across a single-fre-
quency signal. Although the situation is complicated by 
the logarithmic response of the amplifier, the noise figure 
quoted should determine the order of magnitude of the 
smallest signal observable on the oscilloscope screen. 

AMPLIFIER SATURATION 

/  

_ APPROXIMATELOISE LEVEL 

I0  20  30  40  SO  701 

INPUT POWER LEVEL 

DECIBELS ABOVE 100 MICROVOLTS  N 50 OHMS 

Fig. 5—Response characteristic of the analyzer with gain control at 
normal setting. 
I. Signal, S 
II. Second harmonic, 2S 
III. Third harmonic, 3S 

I. Spurious response, S — (115 / 2) 
2. Spurious response, S — (2 X115); 
cycle-image response" 

3. Spurious response, (S/2) — (115/2) 
4. Spurious response, (S I 3) —2(115/3). 

this is the "115-mega-

A signal of 20 microvolts in the 50-ohm input line (a 
level 40 decibels above the available thermal noise power 
from the line) gives a response that is just detectable in 
the noise on the oscilloscope presentation. The deflec-
tions for signal input powers higher than this are shown 
in curve I of Fig. 5. It is evident that the deflections are 
proportional to the signal level in decibels over a range 
of about 30 decibels. An arbitrary reference level of 100 
microvolts in 50 ohms is used in this diagram. Because 
of disturbances due to the noise, signal levels below this 
value do not give oscilloscope deflections that can be 
measured reliably. Deviations from the straight line of 
curve I also occur in this region. 

IS H. T. Friis, "Noise figures of radio receivers," PRoc. I.R.E., vol. 
32. pp. 419-422; July, 1944. The noise figure of two networks is given 
by 

F2 — I 

F0v22.411 = Fl +  • 

GI 

=7000 (or 38.5 db 

V. SPURIOUS RESPONSES 

Because of the untuned input circuit, all signals 
within the frequency range of the analyzer are impressed 
on the first crystal simultaneously. This leads immedi-
ately to the possibility of two types of spurious re-
sponses. The first of these is due to the production of 
beat frequencies when two large signals enter the re-
ceiver at the same time. This is not as serious in a spec-
trum analyzer, of course, as it would be in a receiver, 
since in the analyzer the signal of interest is usually 
larger than the others. Fig. 6 shows the magnitude of a 
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DECIBELS ABOVE  REVERENCE LEVEL 

so 

Fig. 6—Response characteristics of the analyzer for typical "cross 
moeti lat ion " c f two strong t•igna Is in the first mixer crystal. Signal 
No. I, 700 megacycles, Signal No. 2, 300 me gacycks. Response 
appears when the analyzer is tuned to 4C0 megacycles. 

typical response of this type. Signal number 1 has a fre-
quency of 700 megacycles, and number 2 is 300 megacy-
cles. The powers required at these frequencies to pro-
duce reference-level and saturation responses at 400 

megacycles are shown by the two straight lines in the 
figure. Thus, two such signals each 40 decibels above the 
100-microvolt reference level will produce a response 
equal to that produced by a 100-microvolt, 400-mega-
cycle signal. To produce amplifier saturation, two signals 
each 58 decibels above the reference level are required. 
It is evident from the straight lines in Fig. 6 that the 
magnitude of the spurious response is proportional to 
the product of the two signal powers that produce it. It 
is also evident that this sort of spurious response is not 
observable if the signal of interest is not more than 35 
decibels below the level of the strongest signal entering 
the receiver. 

The second type of spurious response is due to har-
monic generation in the first crystal mixer. The second 
and third harmonics are the only ones that are normally 
observable. They are shown as curves II and III, respec-
tively, in Fig. 5. The second-harmonic voltage increases 
roughly as the square of the fundamental voltage, and 
the third harmonic increases as the cube. These re-
sponses become more noticeable as the absolute magni-
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tude of the signal input power increases, therefore, and 
the slopes of curves I, II, and III are roughly in the ratio 
of 1:2:3 in Fig. 7. Again, none of these responses is trou-
blesome if the signal of interest is not more than 35 deci-
bels below the level of the strongest signal entering the 
receiver. 
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Fig. 7—Response characteristic of converter unit at large signal lev-
els. The labeling of the curves is the same as in Fig. 5. 

The 115-megacycle-image response is greatly sup-
pressed in this type of analyzer since it must leak 
through the band-pass filter at a frequency 230 mega-
cycles away from the center of the pass band. The at-
tenuation characteristic of the filter network is shown 
in Fig. 8. The values are referred to the attenuation of 
a signal at the center of the pass band. Actually, this 
characteristic was measured by tuning the first and sec-
ond beating oscillators simultaneously by the same 
amount, and by applying signals in the range from 400 
to 1000 megacycles to the first mixer. Since the charac-
teristics of the mixers do not change appreciably in this 
range, the resulting attenuation curve represents essen-
tially the characteristic of the filter network. It is evi-
dent from Fig. 8 that the attenuation of the image in 
passing through the filter is about 55 to 60 decibels more 
than that of the signal. The actual image response is 
shown in curve 2 of Fig. 5. It agrees roughly with the 
expected value. 
Response 1 in Fig. 5 appears when the analyzer is 

tuned for a frequency 57.5 megacycles below the fre-
quency of the signal producing the response. It is pro-
duced because power leaks through the band-pass filter 
at a frequency 57.5 megacycles below that at the center 
of the pass band. This leakage power suffers an attenua-
tion (see Fig. 8) of about 30 decibels and produces a 
57.5-megacycle beat note in the second crystal mixer. 
The second harmonic of this beat note, also generated 
in this crystal, produces a response in the 115-megacycle 
amplifier. This spurious response determines the maxi-

mum bandwidth allowable for the filter network, since 
the response would become objectionable if the attenua-
tion were much less than 20 decibels. 
Responses 3 and 4 in Fig. 5 both arise because power 

from the second beating oscillator leaks through the 
bond-pass filter to the first crystal mixer. If the signal 
power producing the response is of frequency S. response 
3 appears when the analyzer is tuned to a frequency of 
(S/2) —(115/2) megacycles. The second harmonic of the 
first beating oscillator, the leakage from the second 
beating oscillator, and the signal all mix in the first 
crystal to produce 24,600 megacycles. This power pro-
ceeds through the filter to the second crystal and pro-
duces a response in the ordinary manner. Response 4 is 
more complex; it involves the second harmonic of the 
second beating oscillator. It is observable when the ana-
lyzer is tuned to a frequency of (S/3)-2(115/3) mega-

cycles. 
Fig. 5 gives the oscilloscope deflections observed for 

the various responses discussed above. When any signal 
is large enough to saturate the amplifier at the normal 
gain setting, the operator is warned that there is a pos-
sibility of spurious responses. Fig. 7 gives the behavior 
both of the signal response and of the spurious responses 
at signal input levels up to 80 decibels above the 100-
microvolt reference level. The responses are measured 
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Fig. 8—Attenuation characteristic of filter network. 

at the output of the converter unit with respect to the 
response produced by the 100-microvolt reference signal. 
The characteristics of the amplifier are not involved, of 
course. For observation of responses at these levels, 
however, the gain of the amplifier must be decreased in 
order that they lie in the region below saturation. 
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The Behavior of "Magnetic" Electron Multipliers 
as a Function of Frequency* 

L. MALTERt, SENIOR MEMBER, I.R.E. 

Summary—This paper consists of a theoretical and experimental 
study of the frequency variation of gain of magnetic electron multi-
pliers. It is shown that, for multipliers of the type studied, the be-
havior as a function of over-all electron transit angle is very similar 
to that observed for electrostatic electron multipliers previously de-
scribed.' Up to frequencies of about 500 megacycles, loss in gain can 
be ascribed to a spread in transit angle resulting from the emission 
velocities ef secondary electrons and the varying paths of electrons 
through the stages of the multiplier. From the results given, it is pos-
sible to predict the useful upper frequency limit of a magnetic elec-
tron multiplier of the type studied. 

INTRODUCTION /N AN EARLIER paper' (hereinafter referred to as 
Paper I), wherein the behavior of electrostatic 
electron multipliers was analyzed, it was shown 

that for multipliers of any type the amplification of 
a radio-frequency signal will fall off with increasing fre-
quency. The decrease of amplification at higher fre-
quencies is due to the spread in the transit times of 
electrons after passing through several stages of the 
multiplier. The spread has two principal causes: (1) the 
nonuniformity in the emission velocities of secondary 
electrons, and (2) the differing paths traversed by vari-
ous electrons between stages. 
Decrease in amplification with increasing frequency 

can have still another cause. If the transit time be-
tween the output electrode and the one preceding it is 
appreciable, then the radio-frequency current flowing 
in the output circuit is less than that present as modula-
tion in the beam. This arises from the fact that the cur-
rent flow in the output circuit may be considered as 
arising from the change in the image charges in the 
output electrode, and in the one preceding it, as pro-
duced by the motion of electron charge between them. 
Thus, e.g., it is obvious that if the transit time between 
these electrodes is a full period, no radio-frequency 
current will flow in the output circuit. 
By use of a screen electrode adjacent to the output 

electrode, the critical transit time becomes that between 
these two electrodes. In this work as well as in that of 
Paper I, the electrode spacings and potentials were 
such that the effect of the transit time between the 
screen and output electrode, in contributing to a decrease 
in amplification over the frequency range studied, could 
be neglected.' 
On the basis of the results obtained it was found 
• Decimal c assification: R138.6. Original manuscript received by 

the Institute, March 13, 1946; revised manuscript received, Decem-
ber 31, 1946. 
t Formerly, RCA Laboratories, Inc., Princeton, N. J.; now, 

Naval Research Laboratory, Washington D. C. 
1 L. Malter, The behavior of electrostatic electron multipliers as 

a function of frequency," PROC. I.R.E., vol. 29, pp. 587-589; Novem-
ber, 1941. 

1 R. D. Sard, 'Calculated frequency spectrum of the shot noise 
from a photo-multiplier tube, Jour. Apo. Phys., vol. 17, pp. 768-
777; October, 1946. 

possible to make predictions regarding the frequency 
response of electrostatic multipliers of the forms now 
in most common use,' regardless of the scale to which 
they are built or the number of stages employed. These 
multipliers are characterized by the feature that there is 
an intense accelerating field at the secondary emitting 
surface. Reduced over-all transit times result in reduced 
spreads with consequent superior high-frequency per-
formance. 
Another type of multiplier having intense accelerat-

ing fields for secondary electrons is the so-called mag-
netic' type. (See Fig. 1.) Electrons emitted from any of 
the lower electrodes are accelerated upward by the ac-
tion of the more positive potential applied to the elec-
trode above it. However, a magnetic field parallel to the 
plane of the electrodes causes the electrons to bend over 
and strike the next succeeding lower electrode. Since 
this type of multiplier has an intense accelerating field at 
the secondary emitting surfaces, it was considered desir-
able to investigate its behavior as a function of frequency, 
in order to see whether it possessed any advantages 
over the purely electrostatic type studied in Paper I. 

DIODE VOLTMETER 

 'Ob00000 

SIGNAL 
GENERATOR 

GRID 
Nr1 

• 
GRID 
Nt2 

OUTPUT 
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• •••• =k 

..••• 

CATHODE 

*4L_1 ,11._ 
Fig. I— Magnetic-multiplier setup employed in determination of 

frequency response. 

THEORY 

It has been shown' that the pozitional co-ordinates 
of an electron in the crossed fields (see Fig. 1) are 
given by 

OuTPCIT 
ELECTRODE 

MAGNET C FIELD 
INTO PAPER 

(1) a 

'to 
y  /3' cos (at + 0) 

a (2) 

V. K. Zworykin and J. A. Rajchman. 'The electrostatic electron 
multiplier," PROC. I.R.E., vol. 27, pp. 558-566; September, 1939. 

4 V. K. Zworykin, G. A. Morton, and L. Malter, The secondary 
emission multiplier, a new electronic device," PROC. 1.R.E., vol. 24, 
pp. 351-375; March, 1936. 
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In order to permit of a determination of the spread 
of r, a =elm H 

•e = charge of electron 
m = mass of electron 
H= magnetic field strength 
13= (1/a)(E/H) 
E= electric field between electrodes 

Xo, o= initial velocities in x and y directions, re-
spectively. 

Pola  
0 = tan-1 

— No/ai 
= k.I \ 2+  (  \ 2. 

a )  a ) 

(3) 

(4) 

It should be noted that (1) and (2) apply for the mo-
tion of an electron in crossed electric and magnetic 
fields of a multiplier only for the case wherein there is 
no increase of potential from stage to stage. While such 
is actually not the case, it is felt that serious error will 
not result in making use of the simplified theoretical 
picture in arriving at a measure of the performance of 
the actual multiplier. That such is actually the case is 
borne out by the results described below. 
Let r„, be the time it takes the electron to reach its 

maximum y displacement. Then the time taken for the 
electron to return to the axis (the transit time) is given 

by 

=  2 Tm . 

From (1) and (2) it may be shown that 

Then, if µola<<B, 

and 

If 

then 

7 —  2 
(7 —a 0) . 

/Iola  
0 = 

— Xo/a 

T =  1 — —    
1  go/a  2r 

a  r  —  Xo/ aJ  a 

kio = Xo = 0, 

27 
T =  TO ow — 

a 

(5 ) 

(6) 

(7) 

where ro is the transit time for electrons emitted with 
zero velocity. Then 

(7a) 

=  — 

To 

was computed for a typical multiplier wherein 

E = 175 volts per centimeter 

H = 48 gauss. 

Let /0 and mo be the potential differences thru which 
electrons must fall in order to attain velocities respec-
tively of X0 and µ0. If V, is the potential difference 
through which an electron falls between emission and 
impact at a secondary emitting surface, and if Vp= 200 
volts, then mo/ V„ corresponds to V.,/ V„ of Fig. 1 in 
Paper I.1 cl) as a function of mo, for various values of io, 
is plotted in Fig. 2. It is seen that the effects of initial 
velocity are about the same in both electrostatic and 
magnetic multipliers, as regards their effect on the rela-
tive transit angle. 
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Fig. 2—Spread in transit angle in a single stage of a magnetic multiplier 
as a function of initial velocities of secondary electrons. 

An effort to carry through a more complete analysis 
of the frequency response of a magnetic multiplier 
appears a fruitless task for the following reasons: 
1. The theory outlined above applies to the case of 

uniform fields between lower and upper plates of the 
multiplier. Since in the actual multiplier the potential 
increases from stage to stage, with consequent nonuni-
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form fields, the multiplier behavior cannot conform to 
the actual occurrences in other than a qualitative 
fashion. 

2. There are insufficient data available regarding the 
angular distribution of secondaries to make an accurate 
determination of transit-time spreads possible. 

EXPERIMENTAL METHOD 

It is shown in Paper I that the frequency response of 
any multiplier of a given form can be represented as a 
function of the over-all transit angle regardless of the 
scale to which the multiplier is built. Thus it is unneces-
sary to build more than a single multiplier of any form 
in order to be able to predict the performance of any 
multiplier of the same form but of different size. 
A magnetic multiplier of conventional form and to the 

scale shown in Fig. 1 of this paper was constructed. A 
known signal was fed into the input from a calibrated 
signal generator. The output voltage was then measured 
with a close-spaced-diode voltmeter. Corrections for 
the effects of input and output lead inductance and 
stray capacitances were made in accordance with the 
methods outlined in Paper I. 

RESULTS AND CONCLUSIONS 

The relative output for constant-signal grid voltage 
is plotted as a function of over-all transit angle in Fig. 
3. (This is the "Frequency Response," as defined in 
Paper I.) For purposes of comparison, the results for 
an electrostatic multiplier are reproduced from Fig. 13 

of Paper I. The similarity between the results for these 
two so widely different forms is quite surprising. 
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Fig. 3—Frequency response of "magnetic" and "electrostatic" multi-
pliers as a function of over-all transit angle. 

From these results it appears that the magnetic multi-
plier approximately equals in performance the best (as 
far as is known) of electrostatic multipliers. However, in 
view of the additional complexities introduced by the 
need for a magnetic field, the use of electrostatic multi-
pliers is suggested in cases where frequency response is 
a major consideratio.i.. 

Transit-Time Effect in Klystron Gaps * 
H. B. PHILLIPSt, ASSOCIATE, I.R.E., AND L. A. WAREt, SENIOR MEMBER, I.R.E. 

Summary—The theory of the klystron• is usually based upon a 
simplified configuration in which it is assumed that the grid spacing 
in the buncher is so small that, during the flight of the electron 
through it, the electric field changes very little. This assumption leads 

to a certain ideal value for the drift distance S. It is of. interest to 
calculate the effect on the ideal value of S caused by a finite spacing 
of the buncher grids. This calculation is carried through by means of 
a graphical method suggested by R.. Kompfner. It is found that, in 
general, as the grid spacing is increased, the value of S is also 
increased. In the case of the depth of modulation M equal to 0.5, S 
is found to increase by 47 per cent as the grid spacing is varied from 
0 to 2 millimeters for an accelerating voltage of 1200 volts and a 
frequency of 3 X109 cycles per second. 

INTRODUCTION 

HE THEORY of the klystron, as usually devel-
oped,' depends upon the assumptions that the 

  depth of modulation is small and that the time of 
• Decimalclassification: R138.5. Original manuscript received by 

the institute, June 10, 1946; revised manuscript received, August 26, 
1946. 

State University of Iowa, Iowa City, Iowa. 
1 D. L. Webster, "Cathode ray bunching," Jour. Appt. Phys., 

vol. 10, pp. 501-508; July, 1939. 

flight of an electron through the grids of the resonators 
can be neglected. The first assumption means that the 
ratio of the maximum voltage V1 between the buncher 
grids to the accelerating voltage Vo, i.e., V1/ Vo, is small. 
The second assumption considers the entire change in 
the velocity of the electron to occur at a point midway 
between the buncher grids. Obviously, this is not the 
case, for with a reasonable spacing between the grids, 
and with the very high frequencies involved, the field 
between the grids may change appreciably during the 
electron's flight between them. The object of this paper 
is to determine the effect of this second assumption upon 
the so-called ideal drift distance, as compared with the 
solution that takes into account the magnitude of V1/ Vo 
only. 

The ideal drift space, designated as S', is defined as 
the distance from the buncher at which electrons will 
form a sheath of infinite space-charge density during 
each cycle. Although optimum bunching, from a stand-
point of efficiency, is somewhat different from ideal 
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bunching, any effects caused by resonator transit time 
should be expected to appear in both cases. The elemen-
tary solution for. an arbitrary VI/V0 has been worked 
out elsewhere.2 The value of S' will now be worked out, 
taking into consideration the value of grid spacing d. 
From the results of previous work and this development 
an estimate of the importance of considering grid spac-
ing can then be made. 

A SOLUTION CONSIDERING GRID SPACING 

A solution taking into consideration the finite time of 
flight between the buncher grids follows the method 
suggested by Kompfner.2 In treating this condition use 

vo 

d 

V 

G, 

VI SIN wt 

Fig. 1—Klystron configuration fc • theory involving 
finite grid spacing. 

will be made of Fig. 1, in which d is the separation of the 
buncher grids, and S is measured from the second grid 
G2. In the space d the electric field intensity is 

E= 
171 sin wt 

The acceleration of an electron at any time I is 

dv  eV, sin cot 
a —  =   (1) 

dl  md 

from which the velocity may be obtained by integration. 

eV, 
v =  (cos wIt — cos WO  VO 

wind 
(2) 

where ti is the time of crossing the grid GI, and t is the 
time at which the electron is found at some point such as 
z between the grids. The distance z, traveled in time 
(t —II), is given by another integration. 

eVi 
a = (vo —  cos col) (I — ti) 

nua 

eV, 
(sin cot — sin wt,) = d. 

nuAl 2d (3) 

2 R. Kompfner, "Velocity modulation," Wireless Eng., vol. 
17, pp. 478-488: November, 1940. 

Kompfner, "Transit-time phenomena in electron tubes," 
Wireless Eng., vol. 19, pp. 2-6; January, 1942. 

z is set equal to d because we are interested in conditions 
at G. 
In order to simplify (3), make the following identifica-

tions: 

wd  m  wd 
0= • - — = — 

/V1V 2e  V1 

cod  M  wd 
4,  = — • 

N/Vo  2e  vo 

Equation (3) is then written 

202 (20 
— = — + cos X) (y — x) — sin y + sin x  (4) 
M  M 

where M is the depth of modulation. 
The expression for the velocity of the electron as it 

leaves G2 becomes 

eVi 
v = vo[ — (cos X — cos y) + 11 

mwd 

= vo [-24 (cos x — cos y)  11.  (5) 
) 

Thus the velocity at G2 can be determined if the value 
of y corresponding to a chosen value of x is first found 
from (4). 
The evaluation of y in terms of x from (4) may be 

accomplished graphically, as in Fig. 2. In any particular 
case the parameters M and 4, are known, and x is 
selected arbitrarily. Draw two sine waves of unit 

Fig. 2—Graphical solution of equation (4). 

amplitude and separated vertically by a distance 
202/M. At a point x draw an ordinate BC. At C draw 
the horizontal CE and the line CH making an angle a 
with CE, where tan a= (20/M)-1-cos x. Drop a per-
pendicular from H to D; the distance OD is the value of 
y corresponding to x. This may be proved by writing 

DG  — DE  24, 
tan a =  —  + cos x, 

Y  x 
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by construction, or 

202 
(y — x) (— + cos x) = — -I- sin y — sin x, 

which is the same as (4). The results of these calcula-
tions provide a means of determining v in terms of th 
the time of crossing the grid GI. 
The following equation may now be written 

a = t — (6) 

where a is the time of arrival at a plane a distance S 
from the grid G2, V is given by (5), and I is the time of 
leaving G2. 

An expression for the current at S may be developed 
from the following considerations. Electrons entering 
the buncher during short time intervals Ati arrive at S 
during short intervals Att. In the case of overbunching, 
faster electrons may overtake and pass slower ones, so 
that a single interval Aa may correspond to several 
intervals 4i/1.c* In order to conserve charge, then, 

ia = E Jew, = 10E Ati. 

The instantaneous current at S is then, taking the limit, 
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Fig. 3—The auxiliary quantity N as a function of x. 

2,7 

Since the sign of clti/da merely denotes the sequence in 
which electrons arrive at S, and does not affect the 
value of i, we write 

i = foE 
dt1 

do  (8) 

4 L. J. Black and P. L. Morton, "Current and power in velocity-
modulation tubes," PROC. I.R.E., vol. 32, pp. 477-482; August, 1944. 

From (6), 

Thus 

From (5), 

dv 
= 

di 

da  di  S dv 
—  — 

(111 di,  v2 di, 

ioE 
S dv 

1 — — — 
v2 dl 

dt1 
sin Let — 0)—  sin 0.4)] 

di 

covoM (  c111 
  sin cot — sin cal 

di 

and (10) becomes 

where 

N 

i = zo 
di 

1 

SMN 

I 

di, 
sin coti 

di 

— (cos col 1 — cos WO  1]2 
[23: 

(9) 

(10) 

(12) 

(13) 

A typical graph of N versus wt1 is shown in Fig. 3. If N 
is set equal to its maximum value, N.., and if S is 
chosen so that 

SMNm 

2d 
= 1, 

i will be infinite once during each cycle, giving the 
ideally bunched condition. For this case, then, 

2d 
SI = 

MNm 

where S' is the ideal drift distance. 

, SOLUTION FOR d EQUAL TO ZERO 

When d is allowed to approach zero, giving the case 
usually considered, N.. also becomes zero, making (14) 
indeterminate. In order to evaluate this expression 
when d = 0, consider d to be very small so that the 
transit angle of an electron passing through the buncher 
is very small. Thus 

(14) 

y — x = z  1.  (15) 

The time of flight through the buncher z/co is then 
equal to the grid separation divided by the average 
velocity of the electron, or 
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where 
—  =.-.   

t  i(vo  v) 

and 

Z = 

Since 

2wd 

Vo -I-- V 

cos y = cos x cos z — sin x sin z 

•z--• cos x — z sin x, 

the velocity, v, as given by (5) may be written 

[Mvo 
v = vo   (z sin x)  1]. 

2cad 

Substituting from (16) for 2, 

Mv02 
v =   sin x  vo. 

Vo  v 

Solving (17) for v yields 

v = voN/1  M sin x. 

Equation (6) now becomes 

a =  — = ti+ —    voN/1  M sin x 

and 

(16) 

c = 
(2 — \:11.  321/21"2 

)1/ 2 1 ( 1 V  1 4. 3 
m  m2  m2 — 1 

These two equations agree with the results of Kompf-
ner and tie the two developments together for d=0.2 

CONCLUSION 

The value of S', the ideal drift distance as defined 
above and given by (14), has been calculated for values 
of M=0.2, 0.3, 0.4, and 0.5, using the following 

parameters: 

= 1200 volts 

vo = 2.06 X 109 centimeter per second 

(17)  = 3 X 109 cycles per second 

= 6r X 109 radians per second. 

(18) 

(19) 

do 
= 1 — — (Mu) cos x)(1  M sin x)312 . (20) 

dt,  2vo 

Upon substituting (20) into (8), there is obtained 

1 
i =-- io 

SMco cos x 

2v0(1  M sin x)312  

Here, again, i will be infinite once during each cycle if 

S = 2v0[(1  M sin x)-'12] (22) 

(21) 

1 

0.1 M C0S X 

Upon maximizing the bracketed term of (22), it is 

found that 

sin x = 
Af 

and it follows that 

1 —  + 3M2 (23) 

cos x =  V V1  3M2 — 112 — 1.  (24) 

Substituting (23) and (24) into (22) gives 

Vo 
S' = —  C 

irfM 

The results are presented in Fig. 4, where S' is plotted 
as a function of the grid spacing d. In this figure, S' 
is measured from the midpoint between the two buncher 
grids, i.e., S' here is (24) plus d/2. It is evident from 
Fig. 4 that there is an increase in the ideal drift distance 

1.4 

I 2 

'0 
tai 

4 
o- 0 
0 50 8 
a 

2 
cl I.: 0 6 z . 
La 

-I 0 

0.0 2 

9 0.4 

0.2 

04 

05 

0.06 04  08  12  16  20 
GRID SPACING - d 
MILLIMETERS 

Fig. 4—Effect of grid spacing on S'. 

as the spacing between the buncher grids is increased. 
This increase is very little for smaller grid spacings but 
becomes appreciable for larger values of grid spacing. 
A table presenting the per cent increase of S' for d=2 
millimeters as M is varied is given below. 

0.2 
0.3 
0.4 
0.5 

Per cent increase in S' 

21 per cent 
27 per cent 
30 per cent 
47 per cent. 
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Broad-Band Wave-Guide Admittance 

Matching by Use of Irises* 
R. G. FELLERSt AND R. T. W EI D NERt, ASSOCIATE, I.R.E. 

Summary—A procedure is described for broad-band admittance 
matching of wave-guide devices by the use of simple irises. Slotted-
line measurements yidd the standing-wave ratio and position of 
voltage minimum for several wavelengths and allow the determina-
tion of the transverse plane along the axis of the wave guide at which 
the dispersion with wavelength of the reflection-coefficient phase is a 
minimum. For regions in which the standing-wave ratio is approxi-
mately independent of wavelength, this information determines the 
optimvm position and dimensions of a pvrely susceptive iris which 
matches the admittance of the load to that of the wave guide. 

TRANSMISSION-LINE  admittance  matching 
has been treated in great detail for a single wave-
length by use of .itubs, transformers, resonant cir-

cuits, and lumped capacitances and inductances.' These 
methods are directly applicab!e to wave guides I)), using 
the waNe-guide equivalents for the transmission-line 
matching devices.' Many of the wave-guide matching 
devices are not desirable because of their mechanical 
and analytical complexity In this paper a method is 
presented for admittance matching in wave guides by 
use of irises, the wave-geide equivalents of lumped 
capacitances and inductances, as shown in Fig. 1. 

hiDUCTIVE IRIS GAP ACITIvE IRIS 

Fig. 1—Inductive and capacitive irises in rectangular wave guide. 

A close analogy exists between a wave guide transmit-
ting only the dominant mode and an ordinary two-wire 
transmission line; for, if a wave guide is not terminated 
in its characteristic admittance Yo, a standing-wave 
pattern exists in the wave guide, and a know ledge of 
this pattern permits the determination of the equivalent 
admittance of the wave guide at any transverse plane, 

• Decimal classification: R118. Original manuscript -received by 
the Institute, July 2,1946; revised manuscript received, December 2, 
1946. 
t United States Naval Research Laboratory, Washington 20, 

D. C. 
t Formerly, United States Naval Research Laboratory; now, 

Sloane Ph ysics Laboratory, Yale University. New Haven. Conn. 
I R. W. P. King, et al., 'Transmission lines, antennas, and wave 

guiees," McGraw-Hill Ronk Co., New York, N. Y.; pp. 44-64,1945. 
'See pp. 286-288, of footnote reference I. 

just as a knowledge of the standing-wave pattern for 
the two-wire transmission line permits the determination 
of the admittance terminating the line or the admittance 
at. any other point along the line. 
The standing-wave pattern is determined by the 

slotted-line technique in which a probe is moved along 
an axial slot in the broad face of a rectangular wave 
guide to give the voltage as a function of position along 
the line.' In order to apply the slotted-line technique it 
is assumed (a) that the wave guide supports only the 
dominant mode, (b) that the probe produces negligible 
distortion of the standing-wave pattern, and (c) that 
the wave-guide attenuation is negligible for the lengths 
of wave guide used in the measurements. The voltage 
standing-wave ratio (v.s.w.r.), is the ratio of the maxi-
mum to the minimum voltage, i.e., v.s.w.r.= Vio„./ 
The distance between adjacent maxima or minima is IX 
where the 'save-guide wavelength X is related, for the 
dominant 7'E10 mode, to the wave-guide u idth a and 
the free-space m avelength Xo by 

Xi) ] —1/2 

X = Xj) [ 1 — 1 —  
7a (1) 

A probe measurement at a given wavelength determines, 
therefore, v.s.w.r., the position of V„,io. and X. 
These data are best represented on a Smith admit-

tance chart' (see Fig. 4), where the reflection coefficient 
R is represented by a vector with its origin at the center 
of the chart. The v.s.w.r. determines the amplitude of R, 
and the scale of the values of v.s.w.r. is given along the 
lower half of the vertical line. Concentric circles of 
constant v.s.w.r, surround the center point. The angular 
position of R (measured counterclockw ise on the inner 
circular scale) is determined by the distance along the 
line (measured in fractional parts of X) between the 
point Vroi„ and the point with which R is associated. 
On the chart Yo is represented by the center point, 

for which v.s.w.r. =1. All values of admittance are given 
as fractious of Yo; that is, normalized to 1. A precise 
definition of Ve in terms of parameters (dimensions, 
properties of medium, wavelength) of the wave guide' 
has not been agreed upon and is unnecessary for this 
analysis. The conductance G is represented by the 
family of circles which pass normally through the lower 

SR. 1. Sarbacher anr1 W. A. Ee'scn, 'Hyper an' I'ltra-I-Tigh Fre-
quency Engineering," John Wiley and Sons, New York, N. Y., 1943; 

pp.42 Se02;313C.(11.01 of footnote reference i. 
6 P. H. Smith, "Transmission line calculator," Electronics, vol. 12, pp. 29-31; January, 1939. 

6 S. A. Schelkunoff, 'Electromagnetic Waves," D. Van Nostrand 
Company, Inc., New York, N. Y.; p. 319, 1943. 
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end of the vertical line on the chart; the susceptance B 
is represented by the family of circles which are 
orthogonal to the G circles. Positive susceptance is repre-
sented on the right half of the chart; negative suscept-
ance on the left. The terminus of R gives the values of 
G and B, and, therefore, Y, at any point along the line.7 
When R is different from zero, Y varies periodically 
along the line at intervals of iX. If the admittance Y is 
measured looking toward the load, motion along the 
line toward the load is represented by counterclockwise 
rotation of R, and motion toward the generator cor-
responds to clockwise rotation of R. It is important to 
understand that Y as represented on the chart is the 
value looking toward the load for a specific position 
along the line (or points distant by an integral multiple 
of IX). 
The admittance of a guide in which there is reflection 

from a physical discontinuity is determined over a band 
of wavelengths and represented in the following manner. 
First, a position along the line, point P of Fig. 2, is 

- V NA X 

TO GENERATOR 

COX   

Fig. 2—Standing-wave pattern along the wave guide. 

selected, relative to which the admittance is to be 
measured. This point should be chosen close to the 
physical discontinuity in the wave guide. The v.s.w.r. 
and the distance x between P and M (the position of 
V„,1„) are determined for several wavelengths of the 
band by means of the standing-wave indicator. X is 
measured positively toward the load. The admittance 
Y at point P for a given wavelength is represented on 
the admittance chart by the terminus of R of a length 
determined by the v.s.w.r. and at an angular position 
determined by the phase fraction (angular length) (1). 
For a given guide wavelength X, 4), the phase fraction for 
point P is 

x/X is the corresponding phase fraction for impedance 
representation. For a different wavelength nX, 

x,  1 
—Tok + 7 •  (3) 

It should be noted that if 41 exceeds one-half, — (n/2) 
is plotted, where n is an integer, and any ambiguity as 
to the curve between the points representing X and nX 
is removed by plotting the admittance for one or more 
intermediate wavelengths. 
A very important fact which can be observed at this 

juncture is that, since a given distance along the axis of 
the wave guide is a larger fraction of a shorter wave-
length than it is of a longer wavelength, a particular 
distance moved along the guide will represent a larger 
phase fraction cf, for the shorter wavelength than it does 
for the longer wavelength. Therefore, reference of the 
admittances to a point different from P will change the 
value of 4',-40. That is, by reference to the proper point 
along the guide, different wavelengths may be made to 
possess the same phase fraction and to lie on the same 
radial line on the chart (4,-0=0). 
In order to locate this point, the reference point, first 

chosen at P, is now displaced Ax along the guide toward 
the load or generator, which represents an increment of 
phase fraction AO for the wavelength X. For the wave-
length nX this corresponds to an increment L4)/n. In 
order that the resultant phase fractions for X and ?IX be 

equal, 

= x/X 4- 1/4.  (2) 

*Since the Smith charts of Figs. 2 and 4 are used for registering 
admittance here rather than impedance, the words reactance and re-
sistance appearing there should be replaced by susceptance and con-
ductance, respectively. 

Therefore, 

bak 
+  4, = 4)1+ 

1/ 

—  
= 

— 1 

(4) 

(5) 

The positive direction of measurement of phase fraction 
is taken as counterclockwise on the chart, which repre-
sents motion toward the load. The distance (measured 
positively toward the load) which must be traveled 
along the guide from P to produce this zero difference 
in phase fraction is 

N(09 —   
Ax = Xticfr = 

— 1 

This phenomenon is employed in the broad-band match-
ing of wave-guide devices by means of a simple suscept-
ance. The curve C of Fig. 3 is a bandwidth curve of a 
device in which the v.s.w.r. varies only slightly over the 
desired band of wavelengths. Such behavior is typical of 
many common wave-guide devices, such as transitions 
from rectangular to circular wave guide and simple 
horns. 
This may be illustrated on the admittance chart 

with the aid of curve C of Fig. 3, which uses an enlarged 
center section of the full admittance chart. Curve C 
represents a plot of admittance of a typical wave-guide 

(6) 
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device relative to some point P for a band of wave-
lengths from X to 17X where n has the value 1.146 for 
the chosen band of wavelengths. Calculations for inter-
mediate wavelengths are not usually necessary because 
of the smooth variation of ck with X. From the chart 
it may be seen that y6,-0=0.111. From (6) it follows 

October 

at a phase fraction of 0.371 past its original spot on the 
admittance chart.  It is now at the phase fraction 
0.014 at point  D. However, 0.871X represents an I 
increment of phase fraction 0.871X/nX for the wave- • 
length 77X, and the point representing ?Pt will move only 
0.871/1.146=0.760 in phase fraction. This carries the , 

Fig. 3—Enlarged center section of admittance chart. 

that the distance moved along the guide for the two 
phase fractions to coincide is 0.871X. 

This means that at the point 0.871X distant from P 
toward the load, the phase fraction for X is equal to that 
for X. This can readily be seen from Fig. 3. A rotation 
of ao = 0.871 for the wavelength X will carry the point 
through one complete revolution and return it to a point 

point representing 71X through one complete revolution 
on the chart, which carries it to the phase fraction 0.014, 
where it has the phase fraction of the point represent-
ing X. It is seen that, by referring the admittance to a 
point 0.871X along the guide toward the load, the band-
width curve representing the band of wavelengths from 
X to ok is contracted to the short radial line extending 
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from v.s.w.r. = 1.78 to v.s.w.r. =1.85 at the phase frac-
tion 0.014.s This is shown as curve D on the admittance 
chart of Fig. 3. In order to match the admittance repre-
sented by this curve to the characteristic admittance 
170, addition of both conductance and susceptance would 

necessary to move some distance along the line until 
the position of the curve is such that a purely suscep-
tive device will match the point of median wavelength 
to the characteristic admittance 1.0 of the wave guide. 
When the point of minimum dispersion falls on the 

Fig. 4—Smith admittance chart. 

be necessary. This type of matching device is not im-
possible, but purely susceptive irises are more con-
venient mechanically and simpler to design. In order to 
make use of suceptive matching devices, then, it is 

gin many cases the contracted curve is not a straight radial line; 
divergence from such a radial line can be attributed largely to errors 
in the experimental data. 

upper section of the zero susceptance line (along the 
vertical), the angular difference between it and the 
position of 1.0 conductance is a maximum. Therefore, 
our example represents almost the worst angular posi-
tion of the point of minimum dispersion for matching 
with pure susceptance. The curve D is rotated back 
toward the generator by such an amount that it will 
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be bisected by the 1.0 conductance line in the positive 
susceptance region. Since the clockwise rotation required 
to center curve E on the 1.0 conductance line is 0.162, 
the rotation ZiO required for the A extremity of the line 
can be found from the equation 

1 
2 (446  — ) = 0.162. 

1.146 (7) 

This represents clockwise rotation of 0.174 in phase frac-
tion toward the generator for wavelength X. Upon sub-
tracting this figure from the angle obtained above to be 
traversed toward the load from point P, a net rotation 
of 0.871 —0.174 = 0.697 is obtained. (This represents 
incremental movement of 0.174/1.146=0.151 in phase 
fraction back toward the generator for the wavelength 
?PO 

The resultant bandwidth curve is shown as curve E 
on the chart of Fig. 3. When the point of minimum 
dispersion falls on the pure conductance line (close to 
D), rotation to the 1.0 conductance line represents the 
maximum lengthening of the bandwidth curve which 
can occur for a given ?I: that is, usually a curvelof con-
siderably less spread with wavelength is found at the 
pure conductance line. Addition of 0.60 normalized 
negative susceptance at a distance 0.697X from P is 
necessary to center the curve about the characteristic 
admittance Yo =1. Addition of 0.60 susceptance for all 
wavelengths shifts the curve E to the final position F. 
The curve at F now represents a v.s.w.r. of 1.1 at the 
ends of band with a v.s.w.r. of 1.0 at the center wave-
length, over a 14 per cent band of wavelengths. It 
should be mentioned that this situation for which the 
point of minimum dispersion falls far from the 1.0 con-
ductance line represents maximum deviation from 
optimum position, and that usually less spread in v.s.w.r. 
is obtained. 

If it had been desired, as is often the case, the final 
point chosen could have placed the curve C on the 1.0 
conductance line in the negative susceptance region, 
where matching is accomplished by addition of a posi-
tive susceptance. 

The values of susceptance, both positive and nega-
tive, can be calculated from relationships indicated in 
(8) and (9).9 The negative susceptance is produced by 
an inductive iris similar to that in Fig. 1. The value 
for the normalized susceptance of an inductive iris of 
small thickness in rectangular wave guide is given by 
the following relation: 

Td 
B = —  cot2 — • 

a  2a (8) 

The symbols refer to Fig. 1. Positive normalized sus-
ceptance corresponding to the capacitive iris is given 
by the relation: 

J. W. Miles, "The equivalent circuit for a plane discontinuity in 
a cyhnerical wave guide," PROC. I.R.E., vol. 34, pp. 728-742; Oc-
tober, 1946. 

a 
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a 
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46  wh 
B  — log, cosec — • 

2b 

October 

(9) 

Extensive experimental tes ts indicate  these  theo-

retical relations to be valid to a high degree  of accuracy  
for thin irises. For  both irises  the aperture  is sym-
metrical with respect to the ax is of the wave  gu ide.  It is 
seen that guide wavelength X enters  into  the expression  
for susceptance. In prac tica l app licat ions  the  value  of  B 
calculated for the cen ter  of the ban d of wavelengths  
may be used, or, if more  prec ise  resu lts are  desired,  B 

may be calculated for as  many  wavelengths as may be 
desired on the bandwidth curve.  This latter  procedure  
produces curve G of Fig. 3, instead  of  curve  F, which  
differs from G only slightly in phase  and  v.s.w.r.  

If the bandwidth curve  does  not  represent  approxi-
mately constant v.s.w.r. for  the varying  wavelengths,  
other steps may be necessary  in the  matching  procedure.  
A bandwidth curve  sim ilar  to  curve  A in Fig.  4 is typical  

of many practica l v, ave-guide devices such as trans i-
tions from wave gu ide to  coax ial line  and  crystal-de-
tector terminations . The adm ittance  of  this  type  of  
curve may be matched by use  of an  additional  step.  If 
the admittance  of the dev ice  is referred  to  a point  ap-
proximately one -eighth wavelength  along  the  line  

toward the generator (Acka•-'0.125), the curve  will assume  
position B by a rotat ion  process  similar  to  that  dis-

cussed above. Some  increase  in curvature  ill occur. 
Susceptance of the appropr iate  amount  and  sign  may  

be added at this point' to move the curve  to  pos ition  
C,'° which represents approx imately  constant  v.s.w.r.  
over the band of wave lengths.  Then  the  method  dis-
cussed previously may  be applied  to  contract  the  curve  
and produce an adm ittance  match.  
If the curve actua lly encircles  the  center.  it may  be  

"unwrapped" by reference  of  the  admittance  to  the  
roper point along  the line,  and  one  of  the  above  match-
ng methods may be app lied.  The  more  important  limita-
ion of this met hod lies in the  possibility  that  the  point  

f minimum phase  dispersion, Ax distant from  P, is 
utside the physica l dimensions  of  the  device  in ques-
ion or behind the phys ical  discontinuity  which  causes  
he reflection , since  data  employed  here  give  meaning  
o admittance  on ly up  to  the  first  physical  discontinuity.  
n this case, comp lete  admittance  matching  cannot  be  
chieved by this met hod.  However,  considerable  con-
raction of the or iginal  bandwidth  curve  can  be  pro-
uced by retreat ing  along  the  guide  until  it becomes  
hysically possible to insert  the  matching  device;  then  
he insertion  of the matching  susceptance will improve 

e v.s.w.r. over the entire band but will produce an 
dmittance match which is more frequency sensitive. 

Admittance matching by means of this system is ex-
emely useful in work with wave-guide devices. Ex-
rience has shown that many of the devices regularly 
countered in practical wave-guide work have curves 

to Not to be confused with curve C of Fig. 3. 
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of admittance over the wavelength band of the simpler 
types discussed here, and are readily amenable to match-
ing by this method. Complete contraction of the curve 
and admittance matching is not always physically pos-
sible, but considerable improvement in v.s.w.r. can 
often be obtained. The method outlined here is simple 
and straight-forward in analysis and procedure, and the 
construction of the matching device presents no me-
chanical difficulty. 
The capacitive and inductive irises are equivalent 

to frequency-insensitive shunt inductances and capaci-
tances. (The susceptance of capacitive and inductive 
irises varies inversely and directly as X, respectively, 
whereas the susceptance of lumped capacitances and 
inductances varies inversely and directly as Xo, respec-
tively.) Therefore, in many ways irises are preferable 
to stubs, transformer sections, and similar devices 
whose frequency sensitivity limits their use as matching 
devices (described here for wave-guide work). Stubs 
and similar devices are essentially resonant elements 
operated near resonant frequency, and hence are ex-
tremely frequency sensitive. This method is also ap-
plicable to coaxial lines. 

LIST OF SYMBOLS 

a =greater inside dimension of rectangular wave 

guide 

B =susceptance 
b =lesser inside dimension of rectangular wave 

guide 
d =separation in a symmetrical inductive iris 

(see Fig. 1) 
G =conductance 
h =separation in a symmetrical capacitive iris 

(see Fig. 1) 
M= position of 17.in along the wave guide 
P = point relative to which admittance is to be 

measured 
R= reflection coefficient = v.s.w.r. —1 /v.s.w.r.+1 

Vn,..= voltage maximum of standing-wave pattern 
Vmjn = voltage minimum of standing-wave pattern 

v.s.w.r.= voltage-standing-wave ratio 
x =distance along the wave guide between point 
P and point M 

I---admittance 
170—characteristic admittance of wave guide 
n = bandwidth as ratio of extreme values of guide 
wavelength 

Xo = free-space wavelength 
X = wave-guide wavelength (X/2 is the distance 

between adjacent maxima of the standing-
wave pattern) 
= phase fraction (angular length). Its magnitude 
is given by the distance from P to M meas-
ured in fractions of X plus 0.25. 

Broad-Band Noncontacting Short Circuits 
for Coaxial Lines 

Part II —Parasitic Resonances in the 

Unslotted S-Type Plunger* 

W. H. HUGGINSt, ASSOCIATE,  

Summary—The problems involved in the design of wide-tuning-
range resonators suitable for use with reflex-klystron oscillators 
have been discussed elsewhere.' When these resonators are tuned 
with noncontacting short circuits,2 parasitic resonances, caused by 
waves propagating circumferentially around the small gaps between 
the plunger and the inner and outer conductors, may occur. In this 
paper it is shown that for a typical coaxial-line resonator incorporating 

noncontacting S-type plungers: 
(1) These resonances may occur in the outer gap when the 

• Decimal classification; R117.112. Original manuscript received 
by the Institute, August 13, 1946; revised manuscript received, 
January 13, 1947. 
t Communications Laboratory, Cambridge Field Station, Air 

Material Command, Army Air Forces. Cambridge 39, Mass. This 
paper is based in part upon work done for the Office of Scientific 
Research and Development under Contract No. OEMsr-411 with 
the President and Fellows of Harvard College. 

wavelength is somewhat less than a submultiple of the mean cir-

cumference of this gap. 
(2) Parasitic resonances occurring in the inner gap will be 

affected by the resonator tuning since these fields can propagate 
in the resonator. For the usual 3/4-wave resonator, two resonances 
may be expected; one at a wavelength somewhat greater than and 
the other at a wavelength somewhat less than the mean circumfer-

ence of the inner gap. 
(3) Plunger eccentricity produces a strong coupling between the 

principal resonator mode and the "one-cycle" circumferential 
resonances, but only a slight coupling to the "multiple-cycle" cir-
cumferential resonances. Hence, all one-cycle resonances must be 
made to occur at a wavelength outside of the tuning range either 
by suitable choice of resonator dimensions or by a slotting technique 

to be described in another paper.' 
(4) Plunger eccentricity splits the circumferential resonances 

into "direct-axis" and "quadrature-axis" types which have differing 

resonant wavelengths. 
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I. INTRODUCTION 

A LL NONCONTACTING plungers of the type 
described elsewhere1.2 possess parasitic resonances 
which at certain wavelengths will be excited by 

the principal mode of the coaxial line. These parasitic 
reasonances are very harmful because they produce 
frequency discontinuities and greatly reduce the Q of 
the principal resonance. Hence, it is necessary to design 
the plunger so that the most severe of these resonances 
will occur at wavelengths outside of the tuning range. 
This may sometimes be accomplished by selecting the 
proper dimensions for the coaxial resonator. It is the 
purpose of the following sections to establish a basis for 
coaxial-resonator design by showing how the wave-
lengths at which the parasitic resonances may occur 
are related to the resonator dimensions. When the de-
sired dimensions cannot be used because of other limita-
tions, it is necessary to control the parasitic resonances 
by slotting the plunger. The theory of plunger slotting 
is described in a subsequent paper.' 
Since these resonances are caUsed by waves propagat-

ing circumferentially around the small gaps betwben the 
plunger and the inner and outer conductors, as a first 
approximation these resonances might be expected to 
occur when the circumference of the gap under con-
sideration is an integral number of wavelengths in 
length. For example, in a typical oscillator incorporat-
ing a simple S-type plunger having outer-gap and inner-
gap circumferences of 13.9 and 7.6 centimeters, respec-
tively, one might expect to find parasitic resonances at 
wavelengths of 13.9, 7.6, 6.95, 4.63, etc., centimeters. 
Actual measurements made on this oscillator showed, 

not one resonance at 13.9 centimeters, but two distinct 
resonances; one at 13.58 and the other at 12.80 centi-
meters. Also, instead of a single inner-gap resonance at 
7.6 centimeters, resonances occurred at 7.90, 7.83, and 
7.00 centimeters. This discrepancy is sufficiently great to 
warrant the more refined theory and method of calculat-
ing the resonant wavelengths now to be presented. 
Although we are interested in the resonance effect of 

a wave which may be considered to propagate circum-
ferentially around the plunger, because of the cylindrical 
geometry the wave may be treated more readily as a 
TE„,, coaxial-line wave where n is the number of circum-
ferential cycles! This change in viewpoint enables one 
to apply uniform transmission-line theory to a problem 
that would be very difficult to treat otherwise. It should 
be emphasized, however, that both viewpoints are 
simply different ways of looking at the same phe-
nomenon. 

1 Radio Research Laboratory Staff, "Very High-Frequency Tech-
niques," McGraw-Hill Book Co., New York, N. Y., 1947, chap. 32. 

1 W. H. Huggins, "Broad-band noncontacting short-circuits for 
coaxial lines—Part I," PROC. I.R.E., vol. 35, pp. 906-913; September, 
1947. 

W. H. Huggins, Part III--"Control of parasitic resonances in 
S-type plungers," PROC. I.R.E., to be published. 

4 Robert A. Kirkman and Morris Kline, "The transverse elec-
tric modes in coaxial cavities," PROC. I.R.E., vol. 34, pp. 14-17; 
January, 1946. See also Discussion by W. H. Huggins, vol. 35, pp. 
931-935; September, 1947. 

The behavior of plungers and cavities to the TEn.1 
modes may be calculated from the usual transmission 
equations in much the same way that the TE M be-
havior was calculated in a previous paper.' The only 
complication is that the "wave-guide" property of these 
modes must be included so that both the characteristic 
impedance and propagation parameter become func-
tions of the wavelength. 
In a uniform coaxial line of inner and outer radii a 

and b, respectively, the cutoff wavelength for the TE. 
wave' may be calculated to a good approximation from 

r(a  b) 
n = 1, 2, 3, • • • .  (1) 

The propagation and characteristic-impedance param-
eters of the TE„,i wave are then (ignoring losses) 

27    
= j — -V1 — (X 4) 2 (2) 

X 

Zoi   
Zo —    (3) 

— W M' 

where Zo' = 60 ln(b/ a) is the characteristic impedance 
at infinite frequency. 

If X <X,, the propagation parameter is imaginary and 
the characteristic impedance is real, but for wave-
lengths greater than cutoff the propagation parameter 
is real and the characteristic impedance is imaginary, 
indicating attenuation of the wave. With this in mind 
we may return to the analysis of the plunger resonances. 
Since the inner and outer plunger gaps are effectively 
in series, they may be analyzed separately. 

II. RESONANCE IN OUTER PLUNGER GAP 

Fig. 1 shows the cross section of a coaxial cavity with 
an S plunger in position. For purposes of analysis, the 

L.  1 

Fig. I—Coaxial resonator with S plunger. 

actual cavity may be replaced with the conventional 
cavity shown in Fig. 2. It is an interesting fact that, 
although the tube acts as an open circuit (with capacity 
loading) to the principal TE M mode, the tube end of 
the cavity is essentially short-circuited for modes having 
circumferential variations. Thus, in the equivalent 
cavity of Fig. 2, it is assumed that some a priori in-
formation is available as to the equivalent length d of 
the front cavity at the circumferential resonant wave-
lengths. 

The length of the plunger resonant sections will be I; 
the mean radii of the cavity, inner, and outer gaps will 
be c, a, and b, respectively; and the mean circumferences 
of the cavity, inner, and outer gaps will be Xc, X., and X b. 
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Zo' (7,/, j — Zo' 
X 

2r1 
Zo'  jZz, — 26 

X 

If ZL>>27r/Z01X, (8) may be approximated by 

Z input = 

Anticipating later results, the TE1.1 resonances in the 
plunger may be expected to occur at wavelengths 
slightly less than the mean circumference Xo of the gap. 

-1-1 
Tt 

Fig. 2—Conventionalized cavity and plunger 
for outer-gap resonance. 

If XO is used as the first approximation, we can obtain a 
better approximation to the resonant wavelength by 

setting 
(4) 

where 6 is a small quantity now to be determined by 
establishing the equivalent circuit for the TE1.1 reso-

nance. 
Consider first the rear low-impedance gap. If the 

impedance presented to the rear of the plunger by the 
rear cavity is ZL, the input impedance of this rear gap 
will be given by the familiar formula: 

ZL cosh 7/ + Zo sinh •y/ 
Z input —  Z o   

Z o cosh 7/ + Zr. sinh 
(5) 

where Zo and -y are given by (2) and (3). 
But when X =Xe(1— 6), since XO is also the cutoff wave-

length, 

2r    
7 = j —X V,1 — (X I X o)2 j — N/26  (6) 

Xo 

Zo'  ZO1 
Zo  (7) 

— (X/X02'..—  075 

It should be noted that at wavelengths approximating 
the circumference of the gap, the guide wavelength 
becomes very great. Hence, at wavelengths near reso-
nance the low-impedance gap is electrically short, and 
tanh  Using this approximation together with (6) 
and (7), the input impedance (5) becomes 

Zinput = 

1 

1  4r/ 

ZL + 1 XZ0' 8 

This is recognized as the load impedance Zr. in parallel 
with a capacitive susceptance j(4/r/AZ0')5, and the 

(8) 

approximate equivalent circuit of the low-impedance 
gap and terminal impedance is shown in Fig. 3. Since, 
for usual plunger design, Zo'<aL, this approximate 
circuit may be expected to hold quite generally. 

(9) 

z r 

Fig. 3—Exact and simplified circuits for ow-
impedance gaps when Zz>>21r/Zo'/X. 

Because of the approximations just developed, it may 
be concluded, for the TE1,1 resonance, the low-impedance 
gaps act as shunt capacitive susceptances of value 
47r16/)Zo'. We may, therefore, replace the conventional-
ized cavity and plunger of Fig. 2 with the approximate 
equivalent circuit of Fig. 4. The inductive susceptances 
Bf and B, are the TE1,1 susceptances of the front- and 

Fig. 4—Approximate equivalent circuit for TEi.t 
plunger resonance. 

rear-cavity sections, respectively, and B. is the TE1,1 
susceptance of the internal plunger "stub." Both 
Bf and B. are the input susceptances of short lengths 
of transmission line short-circuited on the far ends 
for the TE1,1 mode, and their values may be calculated 

from 

1 
jB = —• ctnh -yl, 

Zo 
(10) 

Zo and 7 being defined by (2) and (3) with the radical 
sign so chosen that the inductive susceptance is nega-

tive. 
Since the mean circumference N, of the cavity is less 

than that of the outer gap, the TE1,1 wave in the main 
cavity will be "cut off" and will have appreciable 
amplitude only in the immediate vicinity of the plunger 
gap. For this same reason, the inductive susceptances of 
Fig. 4 will be slow-changing in comparison to the rapid 
variation of B. with wavelength near resonance. Hence, 
in this equivalent circuit, values of Bf, B., and B, may 
be calculated at the first approximation Xo to the true 
resonant wavelength without introducing serious error. 
To obtain the second approximation of the resonant 

wavelength, we note that resonance of the equivalent 
circuit will be obtained when the capacitive susceptance 

B, is such that 

B,2 (B/ B,  2B.)B. 

[(131 B.)(B, -I- B.) — 13.2] .= 0. (11) 

Equation (11) may be solved for the two values of B. 
which will result in resonance. Designating these two 
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values by B1 and B,, we find, in consideration of 
Bc=47-16/XZe and Zo'gtv/Xt, (where vp=377 ohms), 
that 

nt D  
451,2:1; (12) 

from which the second-order approximation to the 
resonant wavelengths may be calculated by (4). 

Experimental Agreement with Theory 

Whereas the first-order approximation yielded only 
one resonance at wavelength Xg, the second-order ap-
proximation gives two resonant wavelengths correspond-
ing to B1 and Bg  Physically, this "splitting may be 
attributed to interaction between the front and rear 
low-impedance sections. When the parasitic fields in 
the front and rear sections are in phase, the resonant 
frequency will be lower than when the fields are of 
opposite phase. These two possibilities result in two 
distinct resonant wavelengths. 

Space does not permit presentation of the 'detailed 
calculations, but application of the above equations to 
the typical oscillator previously mentioned' yielded the 
comparison of wavelengths shown in Table I at which 
the outer-gap resonance occurred. 

TABLE T 

Calculated  Experimental 
(centimeters)  (centimeters) 

13.52  1 8 
12.95  12.80 

III. INNER-GAP RESONANCE 

In the calculation of the outer-gap resonances, the 
TE1.Ireactances presented by the front and rear cavity 
sections were relatively independent of tuning since the 
TE1.1 mode in the main cavity was beyond cut-off. But 

d 

Fig. 5—Idealized coaxial cavity with 
inner plunger gap. 

for the inner-gap resonances, now to be considered, the 
TE1, mode can propagate in the main cavity (N. being 
always less than X,) and the impedances presented by 

• Major dimensions of this plunger (footnote reference 2) were as 
follows: 

X.  7.6 centimeters 
X0.13.9 centimeters 
X, 10. 7 centimeters 

1.'0.025 centimeter 
1..1.7 centimeter 
0.6 centimeter. 

the main cavity sections may vary rapidly over wide 
ranges depending upon the cavity length and frequency. 
For this reason, the inner-gap resonance is similar to 

resonance in a variable circuit in which there exists some 
functional relation between the value of the circuit 
parameters and frequency of the driving force. Of 
course, this same situation was true for the outer-gap 
resonance, but in that case the circuit parameters 
B., and B, varied so slowly with frequency that they 
could be considered as constants. 
•Let us consider for the moment an idealized coaxial 

resonator such as that shown in Fig. 5. This cavity will 
resonate for the principal or TEM mode when the cavity 
is an odd multiple of a quarter-wave long. (This, of 
coun,e, ignores the capacity loading of the tube.) Also, 

the cavity will resonate to a TE.., mode when the 
equivalent cavity length is any multiple of one-half the 
guide wavelength. Assuming that the plunger presents 
a perfect short circuit to all TE modes, the resonant 
wavelengths as a function of cavity lengths would plot 
as the solid curves of Fig. 6. 

The TE1.1 resonance curve shown in Fig. 6 is based 
upon an idealized cavity with a perfect plunger. It does 

• 

;•, 

A 

0 

TEAt 
(W. 4) 

reit 
(d- 4.1) 

ra-fris 

CA W/TY  LENGrli  - d 

Fig. 6—Simoltaneous resonance of the TE41,1 and 
TEAf2 modes in a coaxial cavity. 

show, however, that a parasitic resonance may he ex-
pected in a coaxial oscillator operating on the 3/4-
wave cavity mode when the wavelength is about 3/4 of 
the mean circumference. 

Actually, however, the plunger may not present a 
short circuit to the TE„,, waves. In the vicinity of 
inner-gap resonance the conditions of short electrical 
length and high-impedance termination of the gap are 
essentihlly the same as those assumed in the calculation 
of the outer-gap impedance. Consequently, the same 
analysis applies for the input TE1,1 impedance of the 
inner gap, and hence to a reasonable approximation the 
plunger impedance to the TEi 1 wave is the reciprocal 
of the admittance of the front low-impedance line sec-
tion, or 

where in this case 

lit 
Z p  ==. 

4TM 

X 
Sam, 1  — • 

X. 

(13) 
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Now, the TEI,1 resonance will occur when the cavity 
impedance is the negative of the plunger impedance. 

That is, when 

tan  r27rd 1 _ XVI Ze' 

L  \--0 Vi- (-x-) 
=   (14) 

47/(5 

For all except the smallest values of 6, the right side of 
(14) is practically zero and the curve shown in Fig. 6, 

X 
d    

2 4/1 — (2'4 

results as a solution. 
However, at wavelengths nearly equal to the inner-

gap circumference X„, the TEI,1 resonance characteristic 
is distorted by a diEcontinuity at )=X„. The tuning 
characteristic may be calculated by solving (14) for d, 

thus: 

27 0- 0 

/5 

   tan—'  17tt .V1 — (X/X,)2} 
4716   . (15) 

I 
TEM, 

I 
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Fig. 7—Calculated TEM and Ti , resonance characteristics in-
cluding effect of inner-gap circumferential resonance. 

The distortion resulting from this resonance is illus-
trated in Fig. 7. The multiple-valued TE13 tuning 
curves, as calculated from (15) for the same cavity 
dimensions as used in the outer-gap resonance calcula-
tions, are shown together with TEM or dominant tuning 
curves. 

The undistorted TEL,' resonance curve is also shown 
in Fig. 7 as a broken line. It should be pointed out that 
the wavelength of theoretical crossover of the 3/4-wave 
TEM mode by the TEI.1 mode should occur at 0.745X,. 
That this crossover point coincides with X. is mere 

happenchance. 

Experimental Agreement with Theory 

The curves of Fig. 7 indicate that parasitic resonances 
may be expected to occur in an oscillator operating on 
any of the TEM cavity modes; the folowing compari-
sons apply specifically to resonances observed with the 
oscillator operating on the 3/4-wave TEM mode. 
Values read from the curve are 7.98 and 7.2 centi-

meters. Experimental measurements made on an oscil-
lator having the cavity and plurger dimensions used in 
these calculations showed parasitic resonances at 7.90, 
7.83, and 7.00 centimeters. The first two resonances 
are probably a single resonance which has been split 
either because of plunger eccentricity or a double-
resonance effect similar to that occurring in the outer 
gap. It is interesting that if the TEM 3/4-wave curve is 
shifted slightly (as it well may be in an actual oscillator 
due to tube capacitance and corner effects), the agree-
ment between calculated and measured resonances is as 
shown in Table II. Again, this is considered to be a satis-
factory agreement of theory and experiment. 

T ABLE II 

Calculated  Experimental 
(centimeters)  (centimeters) 

7.9  7.87 (average) 
7.0  7.00 

The one-cycle resonances that have been observed to 
crcur around the inner and outer plunger gaps have 
thus been explained and found to be in close agreement 
with theoretical considerations. It is believed that the 
same theory may be extended to explain multiple-cycle 

resonances as well. 

IV. EXCITATION OF PLUNGER CIRCUMFERENTIAL 

RESONANCES 

It will now be shown that an eccentric plunger acts 
as a transformer which couples the dominant TE M 
mode to the various TE modes in the cavity and in the 
; lunger. A perfectly round plunger in a perfectly round 
cavity, while coupling into the TE1,1 mode by an 
amount proportional to the eccentricity, will produce 
little direct coupling to the TELL and higher-order TE„,t 

waves. 
It is significant that there are actually always two 

TEI.1 modes that may exist in the plunger and cavity. 
These modes usually exist at approximately right angles 
to each other, and their behavior is reminiscent of the 
"two-reaction theory" in rotating machinery. If cavity 
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and plunger asymmetries are sufficient and of the proper 
spatial relationship, it will be observed that what would 
otherwise be a single TE,,, resonance will split into two 
resonances at slightly different wavelengths. A plausible 
explanation of this behavior will now be presented. 
Consider the eccentric plunger gap shown in Fig. 8. 

As a first approximation it may be assumed that the 
voltage V(0) across the gap at any angle 4, will be pro-
portional to the gap thickness and the radial current 
density i(4,). Thus, the voltage across the gap will be, 
approximately, 

11(0) = CZ„(1 —  cos 4)) • i(4))  (16) 

where C is the circumference of the gap and a is the 
eccentricity factor. If the plunger gap is driven exclu-
sively by a current corresponding to the TEM mode,' 
the current density io(4)) will be constant, /8/C, and the 
induced voltage drop across the front of the gap will be 

V(4,) = Z910 — aZ,I0 cos 0.  (17) 

The first term on the right of (17) is the TEM voltage 
drop that might be expected in the absence of any 
plunger eccentricity. 

Fig. 8—Eccentric plunger gap. 

270  340 

The second term on the right of (17), however, repre-
sents a new voltage arising from the eccentricity. This 
voltage is a TE1,1 voltage, since it makes one complete 
cycle in the gap circumference. Thus, the TE M mode 
can excite the TE1,1 mode through an eccentric plunger 
gap. 

Consider next the plunger voltage drop induced by a 
TE1,1 radial current. Since the current /1 flows in a given 
direction only over half of the circumference of the 
gap, the radial current density may be expressed as 

Ii 

= c72- cc's 4 ‘1") 
2 , 

= — [lid cos 4)  sin 4)] 

where 0 is the angle at which the TELI radial current is a 
maximum. Because the "cos 4," field is in the direction of 
the axis of the eccentricity, it is referred to as the 
"direct-axis" field, while the "sin 4," field is the "quadra-

In establishing these relations the voltage drops resulting from 
each mode current (with all other mode currents reduced to zero) 
are required. This is exactly the same procedure as followed in setting 
up the mesh equations of a linear lumped network. 

ture-axis" field. The direct-axis and quadrature-axis 
components are designated by subscripts d and g, re-
spectively. 
We shall separately consider the voltage drops arising 

from each of the two components, the fields of which are 

MAGNCT X L/Ne5, 
• /NTO PAO, 
o our or PI M 

DIRECT-All a //LLD  04/ADAATURZ-AX/3 " ma 

Fig. 9—Two possible TE1,1 fields. 

sketched in Fig. 9. The voltage drops resulting from 
the impressed TELI,d current will be, by (16), 

rid 
V(4,) = CZ,(1 — a cos 0) —  cos 

C/2 

= — aZp• lid + 2Zr•Iid COS  —  aZ,•Ild • COS 240 

=  VOd  Vld  V2d•  (18) 

The first term on the right of (18) is a constant in 

and, as such, represents a TE M component of voltage 
drop. The second represents the TE1,1 or self-voltage 
drop, while the third represents a TEL, voltage drop. 
Thus, in general, we may show that a cut rent wave having 
n circumferential variations will produce a voltage drop 
component of n variations, but in addition there will be 
two "side-band" voltage-drop components of n —1 and 
n +1 circumferential variations. 

22,  22, 

Fig. 10— Equivalent circuit of eccentric plunger. 

On the other hand, the voltage drop resulting from 
the quadrature-axis TE,,,,„ impressed current will be 

/15 
V(4,) = CZ„(1 — a cos 4)) —  sin 4, 

C/2 

2Z,/,,„ sin 4, — aZplic, sin 20 

== Vie + V2g 

and it is observed that the TEI,I., field does not couple 
to the principal mode. 

If we identify each of the TE M, TE..t.d, and TE,,.i.o 
currents impressed upon the plunger face with the in-
dividual mesh currents of a linear lumped circuit, the 

1 
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quivalent circuit of an eccentric plunger may be con-
,tructed as shown in Fig. 10. At each terminal pair 
narked "x," the impedance of the cavity, as seen from 
.he face of the plunger for the mode represented by that 
Particular mesh, is to be inserted. Conversely, if the 
,mpedance of the plunger to any particular mode is 
iesired, the equivalent circuit may be "viewed" from 
the corresponding "x" pair. 
In the idealized, lossless plunger assumed in setting 

up Fig. 10, there is no coupling between the dominant-
and quadrature-axis meshes. That is,. quadrature-axis 
resonances would not effect the direct-axis and prin-
cipal modes, and vice versa. Actually, because of power 
losses, there does exist a coupling between the direct-
and quadrature-axis fields, with the result that a 
quadrature-axis resonance introduces a resistive com-
ponent into the dominant plunger impedance. The 
reason why this is so may be seen by analogy to the 
standing-wave components in a resonant line which is 
terminated in a very small resistance used to simulate 
the circuit losses. If R=0 for the lossless case, the in-
stantaneous voltage along the line shown in Fig. 11 

will be 

e = [E cos 0.4] cos O.  (20) 

On the other hand, if ROO, 

e = [E cos cot] cos  O+— [E  04] sin O.  (21) 
Zo 

Thus it is seen that the effect of the loss is to add to 
the original voltage (20) an additional term which dif-
fers both in time and space phase by 90 degrees. In other 
words, associated with each quadrature-axis reactive 

° 
0 

0 

Fig. 11—Resonant line possessing a small 
dissipation resistance R. 

tions. Fig. 12 shows the actual mode plot made on a 
coaxial cavity having a short circuit at one end and an 
insulated choke plunger at the other. The data pre-

voltage drop there will be induced because of losses a direct-
axis resistive voltage drop, and vice versa. Fer this reason, 
the plunger reactance presented to the TEM mode will 
be distorted appreciably only by the TEI,I,d resonance. 
The principal effect of the TELL ., resonance is greatly 
to increase the plunger dissipation. This may "load" an 
oscillator sufficiently to produce a "hole." 

Experimental Verification of Two-Reaction Theory 

It is admitted that the foregoing analysis is grossly 
oversimplified. If the structure of the equivalent circuit 
shown in Fig. 10 ie at all justified, it is certainly true that 
the values of the individual impedances in the circuit 
should all be different and include the various refrac-
tive indexes, etc. Nevertheless, the circuit is helpful in 
explaining qualitatively various experimental observa-

/5 
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.; „  „ • • • • . 

TEM, 

CAUSE OF RESONANCE 

1 TE;of OUTER GAP 
TE„d INNER GAP 

OUTER GAP 
TE,  INNER GAP 

a 
CAVITY LENGTH - CMS 

Fig. 12—Experimental mode plot of coaxial cavity 
with eccentric choke plunger. 

/0 

sented in this figure are of special significance in that 

they illustrate the marked difference that may be ob-
tained between direct- and quadrature-axis resonant 
wavelengths. Furthermore, they show that the direct-
axis TE1,1 resonances at points 1 and 2 introduce large 
reactances into the principal-mode plunger impedance 
and hence distort the TEM tuning curves, whereas the 
quadrature-axis resonances at points 3 and 4 result 
primarily in resistive loading of the principal mode. 
Notice also that two TE1,1 resonant plots appear; one 
for the direct- and the other for the quadrature-axis 

cavity fields. 
With reference to Fig. 9, observe that in the case of 

the direct-axis field the eccentricity tends to increase 
the capacitance more on one side than it is decreased 
on the other, with the result that the effective capaci-
tance of the plunger is increased. On the other hand, the 
permeance of the magnetic path (the axial magnetic 
lines being of maximum density at nearly 90 degrees 
from the maximum electric field) is practically un-
changed. The effect of a marked eccentricity is, there-
fore, to increase the resonant wavelength of the direct-
axis field and to change only slightly the resonant wave-
length of the quadrature-axis field. This is in accord 
with the experimental data of Fig. 12. 
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and plunger asymmetries are sufficient and of the proper 
spatial relationship, it will be observed that what would 
otherwise be a single TE1,1 resonance will split into two 
resonances at slightly different wavelengths. A plausible 
explanation of this behavior will now be presented. 
Consider the eccentric plunger gap shown in Fig. 8. 

As a first approximation it may be assumed that the 
voltage V(4)) across the gap at any angle  will be pro-
portional to the gap thickness and the radial current 
density 1(0). Thus, the voltage across the gap will be, 
approximately, 

V(4)) = CZ,(1 — a cos 4) i(4))  (16) 

where C is the circumference of the gap and a is the 
eccentricity factor. If the plunger gap is driven exclu-
sively by a current corresponding to the TEM mode,' 
the current density 4(0) will be constant, /./C, and the 
induced voltage drop across the front of the gap will be 

VOA) = 410 — aZ,I0 cos  (17) 

The first term on the right of (17) is the TEM'voltage 
drop that might be expected in the absence of any 
plunger eccentricity. 

a 
it • 

spo  zio  5;A) 
iv 

Fig. 8—Eccentric plunger gap. 

The second term on the right of (17), however, repre-
sents a new voltage arising from the eccentricity. This 
voltage is a TEL, voltage, since it makes one complete 
cycle in the gap circumference. Thus, the TEM mode 
can excite the TE1,1 mode through an eccentric plunger 
gap. 

Consider next the plunger voltage drop induced by a 
TEL, radial current. Since the current II flows in a given 
direction only over half of the circumference of the 
gap, the radial current density may be expressed as 

ii(85) = —c/2  cos (4) — 

2 , 
= — [lid cos 4) + II, sin itd 

where lk is the angle at which the TEL' radial current is a 
maximum. Because the "cos 4)" field is in the direction of 
the axis of the eccentricity, it is referred to as the 
"direct-axis" field, while the "sin 4)" field is the "quadra-

* In establishing these relations the voltage drops resulting from 
each mode current (with all other mode currents reduced to zero) 
are required. This is exactly the same procedure as followed in setting 
up the mesh equations of a linear lumped network. 

ture-axis" field. The direct-axis and quadrature-axis 
components are designated by subscripts d and g, re-
spectively. 

We shall separately consider the voltage drops arising 
from each of the two components, the fields of which are 

MAGNI' TIC CNN'S 
• INTO P40E 
• our or owe 

COReCT-4141 excco  OUADAATURZ -ANS P747.0 71-1.4•I 

Fig. 9—Two possible TE1.1 fields. 

sketched in Fig. 9. The voltage drops resulting from 
the impressed TE1.1,4 current will be, by (16), 

lid 
V(4)) = CZ „(1 — a cos 4)) —c/  2 cos 4) 

= — p ' id + 2Z. 'Id COS (1) 

= V0d ± Via + V2d. 

— aZP hid C0S 24) 

(18) 

The first term on the right of (18) is a constant in 4) 
and, as such, represents a TE M component of voltage 
drop. The second represents the TE1.1 or self-voltage 
drop, while the third represents a TE2,1 voltage drop. 
Thus, in general, we may show that a cu, rent wave having 
n circumferential variations will produce a voltage drop 
component of n variations, but in addition there will be 
two "side-band" voltage-drop components of n-1 and 
n +1 circumferential variations. 

( 7\ 2; 

Fig. 10— Equivalent circuit of eccentric plunger. 

On the other hand, the voltage drop resulting from 
the quadrature-axis TEI.,,, impressed current will be 
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equivalent circuit of an eccentric plunger may be con-
structed as shown in Fig. 10. At each terminal pair 
marked "x," the impedance of the cavity, as seen from 
the face of the plunger for the mode represented by that 
particular mesh, is to be inserted. Conversely, if the 
impedance of the plunger to any particular mode is 
desired, the equivalent circuit may be "viewed" from 
the corresponding "x" pair. 
In the idealized, lossless plunger assumed in setting 

up Fig. 10, there is no coupling between the dominant-
and quadrature-axis meshes. That is, quadrature-axis 
resonances would not effect the direct-axis and prin-
cipal modes, and vice versa. Actually, because of power 
losses, there does exist a coupling between the direct-
and quadrature-axis fields, with the result that a 
quadrature-axis resonance introduces a resistive com-
ponent into the dominant plunger impedance. The 
reason why this is so may be seen by analogy to the 
standing-wave components in a resonant line which is 
terminated in a very small resistance used to simulate 
the circuit losses. If R=0 for the lossless case, the in-
stantaneous voltage along the line shown in Fig. 11 

will be 

e = [E cos cot] cos 0.  (20) 

On the other hand, if ROO, 

e  [E cos cot] cos 0 — [E sin cot] sin O.  (21) 
Zo 

Thus it is seen that the effect of the loss is to add to 
the original voltage (20) an additional term which dif-
fers both in time and space phase by 90 degrees. In other 
words, associated with each quadrature-axis reactive 

4? ° 0 
R. 

Fig. 11 —Resonant line possessing a small 
dissipation resistance R. 

tions. Fig. 12 shows the actual mode plot made on a 
coaxial cavity having a short circuit at one end and an 
insulated choke plunger at the other. The data pre-

voltage drop there will be induced because of losses a direct-
axis resistive voltage drop, and vice versa. For this reason, 
the plunger reactance presented to the TEM mode will 
be distorted appreciably only by the TE1,14 resonance. 
The principal effect of the TE1,14 resonance is greatly 
to increase the plunger dissipation. This may "load" an 
oscillator sufficiently to produce a "hole." 

Experimental Verification of Two-Reaction Theory 

It is admitted that the foregoing analysis is grossly 
oversimplified. If the structure of the equivalent circuit 
shown in Fig. 10 is at all justified, it is certainly true that 
the values of the individual impedances in the circuit 
should all be different and include the various refrac-
tive indexes, etc. Nevertheless, the circuit is helpful in 
explaining qualitatively various experimental observa-
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Fig. 12—Experimental mode plot of coaxial cavity 
with eccentric choke plunger. 
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sented in this figure are of special significance in that 

they illustrate the marked difference that may be ob-
tained between direct- and quadrature-axis resonant 
wavelengths. Furthermore, they show that the direct-
axis TEL, resonances at points 1 and 2 introduce large 
reactances into the principal-mode plunger impedance 
and hence distort the TEM tuning curves, whereas the 
quadrature-axis resonances at points 3 and 4 result 
primarily in resistive loading of the principal mode. 
Notice also that two TE1,1 resonant plots appear; one 
for the direct- and the other for the quadrature-axis 

cavity fields. 
With reference to Fig. 9, observe that in the case of 

the direct-axis field the eccentricity tends to increase 
the capacitance more on one side than it is decreased 
on the other, with the result that the effective capaci-
tance of the plunger is increased. On the other hand, the 
permeance of the magnetic path (the axial magnetic 
lines being of maximum density at nearly 90 degrees 
from the maximum electric field) is practically un-
changed. The effect of a marked eccentricity is, there-
fore, to increase the resonant wavelength of the direct-
axis field and to change only slightly the resonant wave-
length of the quadrature-axis field. This is in accord 
with the experimental data of Fig. 12. 
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Microwave Antenna Analysis* 
SAMUEL SEELYt, SENIOR MEMBER, I.R.E. 

Summary—The diffraction theory of Stratton and Chu is applied 
to a calculation of the vertical polar diagram and the gain of a para-
bolic cylindrical antenna. This antenna is fed by a line source having 
a known energy distribution and polarization. A numerical calculation 
for a particular profile is carried out, and the results are compared 
with those obtained experimentally. Satisfactory agreement between 
these results is found. 

I. INTRODUCTION 
A. General 

ADIRECTIONAL antenna in the wave leng th 
range from approximately 1 to 10 meters usually 
consists of a broadside array of dipole radiators 

backed by an appropriate plane reflector. At the micro-
wave frequencies the antenna ordinarily consists of a 
shaped reflector which is illuminated by a relatively 
simple feed. 

• 
If the reflector is a parabol - id of revolution with the 

diameter of the face plane d much greater than the 
wavelength X, and if the antenna feed is placed at the 
focus, the assemblage is scmewhat analogous to a 
searchlight with an arc at the focus. The analogy would 
be almost complete if the feed were a true point source 
with regards to its own equiphase surfaces, since the re-
sulting illumination at all points in the face plane or 
aperture plane of the reflector would have the same 
phase. Because of this similarity with the optical prob-
lem, the Kirchoff-Huygens method in physical optics is 
sometimes used to study the details of antenna systems. 
Owing to the fact that many of the problems of inter-

est in microwave systems are those for which the as-
sumptions inherent to the Kirchoff theory are not valid, 
this method cannot always be expected to yield sig-
nificant results. In microwave antennas the length of 
the wave may be of the same order as the dimensions of 
the opening, and, moreover, the polarization of the 
diffracted radiation is easily observed. As a result, the 
Kirchoff theory, which rej laces the vector wave equation 
by a scalar wave equation, neither relates the vectors E 
and H nor satisfies the proper boundary conditions. 
The general problem of diffraction has been examined 

by Stratton and Chu' who have developed a method for 
the direct integration of the field equations. They exam-
ined the limitations of the method, and considered the 
approximations that are necessary in order to apply the 
results to the problem of diffraction at a slit. It is found 
possible to make the appropriate assumptions in order 
to satisfy the boundary conditions. The present paper is 
an application of the method to an evaluation of the 

* Decimal classifiattion: R326.8. Original manuscript received by 
the Institute, June 26, 1946; revised manuscript received, November, 
5, 1946. 
t Formerly, Naval Postgraduate School. United States Naval 

Academy, Annapolis. Md.: now, Syracuse University, Syracuse, N.Y. 
'J. A. Stratton, "Electromagnetic Theory," pp. 464 et seq., Mc-

Graw-Hill Book Co., New York, N. Y., 1941. 

polar diagram from a reflector having a known profile 
which is illuminated by a feed of known energy dis-
tribution and polarization. The method is substantially 
that of T. J. Keary, now of the Naval Radio and Sound I 
Laboratory. 

B. Fundamental Considerations 

A particular type of problem is to be examined, al-
though the general principles remained in evidence. 
This problem, which is one that possesses practical im-
portance, can be solved by a relatively direct applica-
tion of the general theory. 

A formal statement of the problem is the following: 
An antenna system having the general features illus-
trated in Fig. 1 consists of a parabolic cylinder of length 
/ which is illuminated by a linear feed having a known 
energy distribution and polarization. The feed is placed 
on the focal axis of the cylinder. It is desired to calculate 
the polar diagram in the median plane, and the gain of 
this antenna. 

yo 

Ptç /  Primo ipal  s 

Observation 
Point 

Fig. 1—A parabolic cylindrical antenna illuminated by a line feed. 

The problem actually resolves itself into two prob-
lems; first, that of finding the charge and current dis-
tribution induced on the reflector due to the field of the 
feed, and second, that of finding a solution of Maxwell's 
equations for E and H at all points in space, and which 
satisfy the appropriate boundary conditions. 
The general solution is expressible in terms of the re-

tarded vector potential A, and the retarded scalar po-
tential 40, which are given hy 

with 

and 

A= 
Po f  [i] 
—  dr 
4r  r 

Po f  [i] 
— dS 

47r  s  r 
1 f  [p] 

4, =  — dr 1 r 
4reo  r  4re0 J s r 

H= VX A 

adt 
E  —  — 

at 

(1) 

(2) 
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The cur ent density i and the charge density a are those 
that are induced in the reflector surface by the 
fields of the feed. They are, of course, related by the 
continuity equation A • i+(acriat) =0. However, in 
order to reconcile the discontinuities in the tangential 
components of E and H at the edges of the reflector, it 
is necessary to assume the existence of a line distribu-
tion of charge or currents about the contour of the re-
flector. 

C. Field Considerations 

Separate considerations are required for the E vector 
parallel to the principal plane (horizontal polarization) 
and the E vector in the normal plane (vertical polariza-
tion. For the case of horizontal polarization, o=0, and 
the total distant field is given in terms of the vector po-
tential 

4w fs A = — 
fi] 
dS. (3) 

For the case of vertical polarization, the conditions are 
somewhat more involved. It is not necessary to find an 
expression for cp, as it can be shown that it, and the line 
distribution at the edges of the reflector, contribute 
radial components, whereas the surface current con-
tributes both radial and transverse components to the 
distant field. But as these radial components must can-
cel to order 1IR at large distances, it is only necessary 
to compute the transverse component of the field. This is 
given by the expression 

A ,  =-
47r fs 

[i] cos (n,i2) 
 as.  (4) 

For the particular problem under survey, the feed is 
vertically polarized, and this latter expression must be 
evaluated. 

II. DETAILED CALCULATION 

By taking into account the incident and reflected 
fields at the surface of the reflector arising from the 
presence of the antenna feed, the following expression 
for the current induced in the surface of the reflector re-
sults 

i = 2 V ---e° { (13)  
Ao  wi 

In this expression, P denotes the power emitted from a 
length 1 of the line source: and G() is the power gain of 
the line source, and is the ratio of the power per radian 
in the direction 13 to the average power per radian. The 
expression for A then assumes the form 

Al  fop() A= 
27 

e—ik(R+2p) 

N/Ti   

a,  cos (n,  V p 
eilip11-02p11+00003+011 0. 

cos (n,—)5)  p 

(5) 

(6) 

It is this expression that must be combined with (2) to 
give E and H at all points in space. 
The polar diagram, denoted by g(0), is a measure of 

the absolute value of the electric field intensity at a 
fixed distance R from the source. It is given by 

g(0) = I RE I = N I (0)  (7) 

where N is a normalizing factor, and 1(0) is the integral 

82 

AO) =  •V C.15),1 / -
0, 

cos (n, 

cos (n,— 11) 

The gain of the antenna is defined as 

power per solid angle in direction 0  
G(0) =  • 

average power per solid angle 

An evaluation of the optimum value of this expression 
leads to the form 

G(0),„ = (47 A—) [ —P I (0) .12]  (9) 470 ,0 

where A' is the face area of the reflector, and where 
/(0)„, is the optimum value of (8), and is 

e2) 4(1—p12p1(1-Foos0+11)1)(10. (8) 

/ (0) nt  f  V C C) 

p  cos (n, i?) 
 do.  (10 

a 

p cos (n,— t) 0, 

The first term in (9) is that for a uniformly illuminated 
reflector, and the second term is the factor which takes 
account of the fact that the array is not uniformly il-
luminated. 
For the parabolic cylinder, and for the case of small 

angles 0. the integral in (8) may be simplified. The ex-
pression becomes 

NIG—g    1 — H eimPdp  (11) 
1 

V 1 ±  ti2[  2kp 
P1 

where 

m = 2kp0 

p. = tan 0/2 f • 
(12) 

III. COMPARISON OF CALCULATED AND 
EXPERIMENTAL RESULTS 

As a verification of this expression, the polar diagram 
in the horizontal plane of the AN/MPN-1 10.7-centi-
meter search radar system, as obtained experimentally 
by C. F. Porterfield and L. J. Chu of the Radiation 
Laboratory, M.I.T., will be compared with the results 
obtained from theory. This antenna consists of a 
4' X8' Xf =27.5-inch reflector which is illuminated by a 
feed consisting of a dipole and reflector. For this system 

= 47 degrees. 
A plot of the primary or feed pattern is given in Fig. 

2. Also plotted on the same curve sheet is the function 
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cos° ft. It will be observed that the agreement between 
the two curses is reasonably satisfactory over the range 
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(Horizontal Plane) 

\  Experimental Pesults 
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0.0   

O  20  40  60  100 

ANGLE p (degrees) 

Fig. 2—Primary pattern of the AN/MPN-1 search antenna 
in the horizontal plane. 

cas4f; 

80 

of interest, namely, 0 to 47 degrees. Over this range, the 
gain of the feed is given by the expression 

G(fi) = 5.16 cos° ft  (13) 

where 5.16 is the peak gain of the feed. The resulting 
expression for /(m) becomes 

0.435  _ A 2)2 r 
  i — I(m) = 2 X 5.16  modp. (14) f p. m (1 -1-142)5/2 L  2kp 

This is a difficult expression to integrate in its present 
form, and it is found convenient to replace the integrand 
by an equivalent, though less complicated, analytical 
form. First, however, it is noted that the second term in 
the integrand can be neglected, since for small 0 it is only 
a few per cent of the first term. To find a simpler ana-
lytical form to replace the first term, one plots the inte-
grand and then seeks an expression that approximates 
it. For this problem it is found that over the range of 
interest we may write with good approximation 

(1 — /42)2 
[1 — (1.16p) 2]'.  (15) 

+ 142)5" 

By noting that the resulting function is an even func-
tion, the integral for solution becomes, finally, 

2  5.16 r504 
/(n) =   (1 — Or cos nzdz  (16) 

1.16  —404 

where 

2 k pe 
n    — 70.80 1 

1.16  1.16 

• = 1.16p 

This expression may be integrated by parts to yield th 
expression 

1.206  19.44  721 2 
g(n)= N' {— sin .504n [0.415 —  — 

n  f82  n4  n° 

1.008 41.5  72 1 
cos .504n [3.342  —  —  . (18) 

n'  n2  n4 

A plot of this expression, normalized to unity, is given 
in Fig. 3. Also included in this figure is the experimen-
tally determined curve of Porterfield and Chu. 

To calculate the peak gain of the array, we must 
evaluate (10). The integral becomes 

2 X 5.16 r .504 
=  1.16  (1 — z2)8dz = 3.10. 

—.504 

By combining this result with (9) there results 

A' 
G(0),,, = 0.875(4T  = 2870. 

X' 

A comparison of the curves given in Fig. 3 shows 
that the result obtained analytically agrees quite well 
with the result that was obtained experimentally. 
A number of factors contribvte to the difference 
between them, among which are: (a) neglecting the 
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Fig. 3.—The calculated and experimental secondary polar pattern 
of the AN/MPN-1 radar. 

effect of the presence of the feed in the field of the re-
flector; (b) the error in the approximation by replacing 
the experimental feed pattern by the analytic form given 

(17)  in (13); (c) neg lect ing  the  second  term  in (14);  (d)  the  

error in the approximation in replacing one analytic 
function by an equivalent form (15); (e) the implicit as-
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;umption that the current at a given point on the reflec-
.or is produced only by the field from the feed, and is 
lot affected by radiation from currents on other parts 
)f the reflector; and (f) experimental inaccuracies. 
As to the gain of the array, a direct comparison with 

the experimentally determined value is not possible. 
This is so because the AN/MPN-1 antenna is actually 
quite different from that considered herein. It consists of 
a four-foot section cut out of an eight-foot paraboloid of 
revolution. Moreover, the feed consists of two spaced 
dipoles placed near the focus of the paraboloid. Conse-
quently the geometry relative to one- of the principal 
planes is identical with that of the parabolic cylinder, 

although the geometry relative to the other principal 
plane in no way resembles that of the assumed cylindri-
cal shape. However, it is possible to show that the gain 
of the AN/M PN-1 antenna should be very nearly equal 
to one-half that of the antenna herein discussed. One 
should therefore compare the estimated value of 0.5 
X2870=1435 with the measured 1450 +10 per cent to 
see that the results as calculated are entirely reasonable. 
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Approximate Equivalent Circuit for 
a Resonator Transducer* 
WILLIAM R. MACLEANt, ASSOCIATE, I.R.E. 

Summary—The equivalent circuit of a high-Q resonator trans-

ducer is given as a set of unit transducers connected in series on 
both ends. Each unit is a tank circuit with Vije =120 7r,  and 
two ideal transformers whose turns ratios are given for loops or 

probes in terms of electrode geometry and a quantity called relative 

volume. 

C
ONDON' HAS derived formulas for the imped-
ance of loops and probes in hollow reasonators. By 
slight changes, similar results may be had with 

variable a, u. The necessary changes to accomplish this 
are indicated in the appendix. Here the result in meter-
kilogram-second units of such a modified derivation is 
merely stated: 

wima 2 
ze = z. + E  = z. + E z„ (1) 

(A l 
U(4.2—(42-Fj — 

Q. 

with 

U = f €.4.2dv 

and 

M  1 f G•iladv 

instead of Condon's (1), 

instead of Condon's (9), 

where G is current density, I is driving-point current, 
and Z. is the ohmic resistance R. for a loop, or the 
reactance of the direct-current capacitance C. for a 
probe. This Z. is taken care of immediately by extract-
ing it as a series element. 

• Decimal classification: R119.35. Original manuscript received 
by the Institute, July 8, 1946; revised manuscript received, February 
3,1947. 

Polytechnic Institute of Brooklyn, Brooklyn, N. Y. 
I E. U. Condon, "Forced oscillations in cavity resonators," 

Jour. Appl. Phy., vol. 12, pp. 129-32; February, 1941. 

Suppose there are two electrodes, 1 and 2, in the 
resonator. Then for the open circuit Z11 and Z22 of such 
a transducer, immediately two such equations as (1) 
with the corresponding M's subscripted 1 and 2 appear. 
For the open-circuit transfer impedance Z12  it can 
be shown that the same (1) holds, except that (M.1 M.2) 

replaces Ma2.   
Using no= N/po/o0 =120r, it was decided to write a 

general formula for Z„„,(n, m=1, 2) in the form: 

M an 

Z rini  = E _ 
a V UtOan0 N/Uwano 

Morn jww„no 

6,2 
OW. 1 

Qa 

1 

Q 

jr.: =10.1774i. = tzor 
Ideal Transformer 

Fig. 1— A Unit transducer for one mode. 

Transformer 

(2) 

The last factor is the impedance Z.0 of a high-Q 
parallel-resonant circuit, resonant at co. with quality Qa 
and surge impedance no. The first factors are called 
N.0 and N.m. respectively, and are written: 

Nan NansZa0  E Z afffn• 

a  a 

Consider a transducer representing only one term of 

(3) 
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this series. Its equivalent circuit would be as shown in 
Fig. 1: its open-circuit impedances check with (3). 
If several such units were connected in series on both 

ends, all the oren-circuit impedances would add. But 
this is exactly what happens if more terms of (3) are 
used. 

Consequently, the equivalent circuit of a resonator 
transducer consists of such a double series arrangement 
of the unit transducers shown in Fig. 1, with a Z., and 
Z12 finally added in series on each end. 

What is needed now is a better formula for the N's. 

Loops 

For a loop, M.,, is easily shown equal to (s..B..) where 
B.0 is the magnitude of B. (by phase choice it is made 
real) associated with the standard A, at the locale of 
electrode n, and se,,, is the projected area of the loop in 
the direction of B... 
Put 

ho  ji 1 
„„ zraadv 

B..2 kg 

and note that by invoking the undamred wave equa-
ticn which the A. obey, the equation for U can be 
changed into 

B2dv 
(4. 2 j 

as a result of which the formula for N.4 can be written: 

finsnn  2 

Nun' = - --
V,„ 

for a loop. (5) 

Here 0. is 2r/X.., i.e., the vacuum phase factor of co.. 
This equation is usable practically if the simple nature 
of V.4 is pointed out; it is a relative volume of the 
resonator, i.e., the vacuum volume it would have to 
have to contain the stored magnetic energy of mode a if 
B. had everywhere the magnitude obtaining at elec-
trode n. Fortunately, this is often easy to estimate. 

Probes 

For probes V.4 is defined on the basis of stored elec-
tric, rather than magnetic, energy, and since in the un-
damred modes A. the stored electric and n'lagnetic 
energies are equal, U can be given in terms of electric 
energy as well. A short, straight rrobe will have a cur-
rent distribution that is linear from zero at the tip to 
the driving-point value at the base. Letting 2h44 be the 
projected height in the direction of the electric field 
E., associated with A., M., can be calculated as: 

M an = 

1:„„h.„ 

iwo 

which is real, since E. is imaginary by the choice of 

,  (4) 

phase. h.0 is the effective height. Using these facts, one 
can obtain for N..: 

N0.2 — 
/1.. 2 

for a probe. (6) 

The relatively simple equivalent circuit obtained in 
this, way is limited to high Q's, and moreover the Q 
actually depends on co. Hence, the circuit is not equiva-
lent in the full sense of the word. It is, however, a good 
approximation since Q. is of little influence except near 
co., so the resonance value can be used. 

In practice, we know that the modes far off resonance 
contribute negligibly to Zi2. Near any resonance these 

modes merely add a nearly constant impedance to Z.„, 
so they can be accounted for satisfactorily in most 
cases by adding them to Z... This leaves essentially 
only one unit transducer together with two modified Z„ 
which often can be calculated by other means. If there is 
a frequency degeneracy at the desired resonance, several 
units would be required and irregularities would prob-
ably split their frequencies and cause a multiple-reak 
effect. However, usually only one would be strongly 
coupled. 

Electron-beam coupling can be handled like a probe 
by dropping the factor  in the effective height. 

By "resonator transducer" is implied a distinction 
with "wave-guide transducer"; in the former, frequency 
and dimensions are such that no appreciable power 
transfer can occur except near the resonances. The final 
simplification rests on this distinction. 

APPENDIX 

To modify Condon's results for arbitrary IA, e, start 
with Maxwell's ecriations in the field quantities E and 
B Introduce the Lorentz potentials in the usual way, 
but work with the gauge: 

div (eA) = 0. 

In this case (1) becomes the instantanecu: static po-
tential. The ordinary wave and Laplacian equations are 
not obtained since /4. e are variable. In the force-free 
case, eigen 44„'s exist orthogonal against e. 

The modified wave ccriation for A. in the driven case, 
has the driving term C-5 grad ock/at. This has no 
divergence And is expandable in a series of cA , due to 
the choice of gauge, and only G contributes to the coeffi-
cients. 

With these changes one obtains the results given. 
In the case of loops, one is forced to the approxima-

tion that the current is constant and hence no charges. 
This is the inexactitude in (1) and restricts it to loops 
small compared to X. 

In the case of probes, one assumes the current dis-
tribution to he the same as at low frequencies. This is 
approximately so for probes short compared to X and 
so restricts (1). Condon's "internal electrode" is not 
necessary with the form of M. used here. 
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Discussion on 

"High-Impedance Cable 
HEINZ E. KALLMANN 

M. R. Winkler:' The paper by Kallmann is inter-
esting, but additional comment is in order. 
Unfortunately, Kallmann's formula for inductance is 

in error because it assumes that the magnetic field is not 
confined within the outer shield. Since it is confined 
within the shield, the reluctance of the magnetic path 
between the shield and the coil must be taken into ac-
count. A good simple handbook formula for inductance 
is 

10-9 41rN2 
L =  henries, (1) 

which is taken from Pender and McIlwain.2 Here R is 
the total magnetic reluctance of the flux path. It is the 
sum of the reluctances of the flux paths both inside the 
coil and between the coil and the shield. For a long 
solenoid, each of these reluctances is inversely propor-
tional to its respective cross-sectional area. Using the 
same nomenclature as Kallmann, except letting N 
= turns per centimeter, the inductance formula becomes: 

d )2 
L = 10-972N2d2[1 — (—  henries per centimeter. (2) 

a 

This formula becomes equivalent to Kallmann's equa-
tion (4) as a becomes large. The inductance reaches an 
optimum value when d= 0.707a, as it obviously should. 
If the capacitance is written in terms of natural 

logarithms to facilitate differentiating, etc., and if the 
thickness of the wire is neglected, the characteristic im-
pedance becomes: 

133Nd V [ (d 
Z =  —  1 —  [log. CI)] , Nik  a  (3) 

which becomes a maximum when 

r (_a)2 
— 1 

2-tog.  =  d   
d  ( -4)2— 2 

or approximately when a = 2.06d. Then 

,  Na  
Z = [constant] X  -- • 

k 
(4) 

• Heinz E. Kallman, "High-impedance cable," PROC. I.R.E., vol. 
34, pp. 348-351; June, 1946. 

3318 South Main Street, South Bend 14, Ind. 
'H. Pender and K. Mcl lwain, "Electrical Engineers' Handbook," 

John Wiley and Sons, New York, N. Y.; third edition, section 4, 
p. 28, 1936. 

5 9* 

The above constant has a numerical value of 48 if 
wire size and other factors are neglected. Using data 
Kallmann gives regarding cable type RG-65/U, manu-
factured by the Federal Telegraph and Radio Corpora-
tion, we have w=0.0089 inch (No. 32F wire), N=112 
turns per inch, a=0.285 inch, k=2.25, and Z=950 
ohms, whence the experimentally determined constant 

should be 45. 
The fact that d=0.119 inch is smaller than for op-

timum Z reduces the constant less than 2 per cent; the 
effect of the wire size is to increase the capacitance and 
reduce the inductance (due to skin effect), thereby de-
creasing the required constant approximately 5 or 6 per 
cent. These considerations also indicate that the constant 

should be about 45. 
The agreement between theory and experiment is 

therefore excellent. In spite of the limited experimental 
data it seems fitting to state that a general formula 
useful to engineers might be 

Na 
Z = 45 

k 

where N = turns per unit length and a =inside diameter 
of the outer shield measured in the same units. Certain 
obvious limitations apply. 
This correspondent has been interested in high-im-

pedance lines of this type for several years. Early in 1943 
a piece of flexible coaxial high-impedance cable was sub-
mitted to the Radio Research Laboratory of Harvard 
University, along with a mathematical analysis similar 
in form to that in this discussion. 
Prior art exists, however; such devices are disclosed 

in a French patent No. 853,398. United States patents 

of related ainterest are Nos. 789,738; 1,026,150; and 
2,139,055. 

Heinz E. Kallmann:' I learn from the letter of M. R. 
Winkler that here was another of those inevitable cases 
of duplicated effort, this one notable for proximity in 
both time and space. I am obliged to him for the patent 
references showing that the method of distributed in-
ductive loading of cables by coiling the inner conductor 
was proposed as early as 1901 and 1905, though then 
for different purposes. I had, myself, looked for just 
such references, but not far enough back. 
I feel that I cannot accept Mr. Winkler's correction 

for the calculated cable impedance. Possible effects of 
eddy currents induced in the outer conductor were in-
vestigated on the sample cable described. More serious 

'417 Riverside Drive, New York 25, N. Y. 
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than some adjustment in the computation would have 
been an increase in transmission loss and, particularly, 
the danger of noise whenever the contact resistances 
between braid wires is changed by flexing of the cable. 
No such effects  ere found, and a cable sheath braided 
of individually Formex-insulated wires—held ready for 
the purpose—was therefore not used. 
The inductance of the coiled conductor of the sample 

cable as computed from its dimensions was compared 
with L=T2/C where the capacitance C was measured 
at audio frequencies and the delay T, with considerable 
accuracy, as described elsewhere for delay lines.' While 
I have now no access to the notes, I can say from 
memory that the values agreed well within the expected 
accuracy of about ± 2 per cent of the impedance so 
found. Direct measurements of the impedance, some-
what less precise, also showed no disagreement. 
The basis of Mr. Winkler's computation is his equa-

tion (2). I wonder how he arrived at the conclusion that 
it represents the inductance of a solenoid loaded by a 
short-circuited secondary winding. Actually, his equa-
tion merely represents the primary stray inductance. 
While his reference does not refer to this matter at the 
cited place, the problem of a shielded coil is discussed at 
length two pages earlier (pp. 4-26), but only tl e case of 
a spherical shield is discussed, hardly a suitable approxi-
mation to the cable. Hoyt ever, more or less accurate 
solutions of the problem of the cylindrical coil shield 
have been published,6-7  all leading to rather formidable 
equations. 

It may be remembered that the calculations of the 
effective cable inductance are exact only at such low 
frequencies where out-of-phase turns are still very far 
apart, and the calculations are true in any case only for 
the straight parts of the cable. It therefore seems ade-
quate to compute the very small effect of the metal 
braid on the inductance of the coiled conductor quite 
simply, as follows. The effective inductance Le of the 
coiled conductor is considered as the effective induct-
ance of a long solenoid forming the primary of a coaxial 
transformer with short-circuited secondary winding. 
This inductances is L=L(1-k2) where L, is the in-
ductance of the primary alone and k the coupling co-
efficient of the transformer. The coupling coefficient of 
two coaxial solenoids of equal lengths is k = r2 where r 
is the ratio of the inner coil diameter to the outer coil 
diameter. Thus it follows that Le/L,=(1-e). The cor-
rection so computed for the impedances of the sample 
and of the manufactured cable thus amount to 1 per 
cent and 1.6 per cent, respectively. 

4 Heinz E. Kallmann, "Equalized delay lines," PROC. I.R.E., vol. 
34, pp. 646-657: September, 1946. 

'J. Flak, Zeit. fur Hoch.. vol. 43, pp. 76-81: 1934. 
'J. Hak, Zeit. far Hoch., vol. 45, pp. 14-19; 1935. 
7 M . J.  0. Strutt, Zeit. far Hoek, vol. 43, pp. 121-123: 1934. 
F. E. Terman, "Radio Engineer's Handbook," McGraw-Hill 

Book Co., New York, N. Y., 1943, p. 152, Fig. 14. 
9 See p. 71, equation (87) of footnote reference 8. 

M. R. Winkler:' Kallmann feels that he cannot accept 
my equation for inductance and that any correction 
which might exist is trivial. 
Fortunately, the validity of my equation is substanti-

ated by some excellent references which he has not 
mentioned. Kallmann's equation (4) gives the correct 
inductance of a long solenoid in free space. My equa-
tion (2) gives the inductance of a long solenoid whose 
magnetic field is confined within an impenetrable coaxial 
cylindrical shield. The ratio between these two equa-
tions is 

This relationship is corroborated fully and exactly by 
information in Terman'° and Howe." Both the above 
references specifically concern the inductance of sole-
noids surrounded by a cylindrical coaxial metal shield. 
These references not only show Kallmann's equations 
to be incorrect but the equation and the data agree 
perfectly with my equation (2). 
The writer will agree that in many cases the cor-

rection for inductance is small. However, it is not 
as small as Kallmann suggests. His experimental study 
of "effects of eddy currents" was done in a region of 
low ratios of coil diameter to shield diameter where 
discrepancies in inductance are difficult to discern. 
Should the coil diameter be 90 per cent of the shield 
diameter, the inductance as calculated by Kallmann's 
formula would have been more than five times as large 
as indicated by the curves in the above reference. The 
calculated inductance per unit length of the coiled inner 
conductor of the commercial cable is about 83 per cent 
of its inductance in free space. If tie dianieter of the 
coiled inner conductor is increased until it approaches 
the diameter of the outer shield, the calculated induct-
ance approaches zero. This correction materially changes 
the character of many of the curves and equations of 
Kallmann's original paper and is not to be considered 
trivial. 

Heitz E. Kallmanne The disagreement between Mr. 
Winkler and myself has now reduced to the question 
by how much the inductance of a long solenoid is re-
duced when it is shielded by a coaxial metal cylinder. 
With r denoting the ratio of coil to shield diameter, NIr. 
Winkler states that the correction coefficient should be 
(1 -rs) while I think that it should be (1 -r4). Both ex-
pressions lead, of course, to the same result when r is 
very small and when the coil diameter equals that of 
tl.e shield, r=1. In the case at hand, the value of r for 

"See p. 129, Fig. 87 of frotnote reference 8, taken from "Graphic 
detern ;nation of the decreaFe in ineuctante proCuctd by a coil 
shield," RCA Applicat;on Note 48: June 12. 1935. 
"See equation (149) of ft °tome rt ft rence 8 wElch is taken from 

results givt n by G. W. 0. Howe, 'The effect cf .,creening cans on the 
effective ineuctance and resistance of coils," Wireless Eng.. vol. 11, 
p. 155; March, 1934. 
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the high-impedance cable is 0.42; thus Mr. Winkler's 
correction coefficient for its inductance is about 0.83, 
while my analysis leads to the value 0.97. The error in 
computed cable impedance, if dese corrections are 
omitted, would be about 9 per cent according to Mr. 
Winkler, a negligible 1-} per cent in my opinion. 
I notice that, in his second letter, Mr. Winkler does 

not care to discuss either my simple analysis nor his own 
as given in his first letter and questioned in my reply; 
nor does he discuss the references I quoted as pertinent. 
He adduces, instead, two other references which appear 
to confirm his result. Let us examine' these references. 
The one is the RCA Application Note No. 48. The 

brief analysis given there leads explicitly to LC/L P 
= (1— k2), identical with my first equation. The val-
ues of k2 are given as a family of curves, as functions of r 
and of lid, similar to Fig. 87 in Terman's handbook. 
Since the curves are plotted against lid of the coil, I 
am inclined to suspect that they were derived for short 
coils of the usual type, and not necessarily applicable 
to the case at hand. Since neither author nor sources 
nor any clues as to the derivation are given in the Note 
and since my effcrts to find out about them failed, I 
cannot definitely decide on the relevance of this refer-

ence. 
The other reference is to the editorial of Howe for 

March, 1934. This is based wholly on a study by 
H. Kaden who had approximated the usual cylindrical 
coil can by a hollow metal sphere. This approximation 
is certainly not suitable for the long slim shield of the 
case at hand. Being familiar with the content of both 
papers, I had refrained from citing them as references. 
Moreover, the footnote (2) on the very page of Ter-
man's handbook that Mr. Winkler cites, explains at 
length that a sphere had been substituted for the 
cylindrical coil can. Yet Mr. Winkler writes, 'Both the 
above references specifically concern the inductance of 
solenoids surrounded by a cylindrical coaxial metal 
shield." 

M. R. Winkler:1 Kallmann's reply attempts to lead 
this discussion to an erroneous conclusion. Had Kall-
mann confined his remarks to what could be substanti-
ated in experiment, this discussion would have had 
fewer controversial equations. 
It is imperative that this matter be settled because 

my equation (2) is not the only issue at stake; more im-
portant and to the point is the fact that the theory of 
design of high-impedance lines as defined by Kallmann's 
paper is in error and must be materially modified as 
related in my first discussion. 
Further discussion of my equation (2) was not given 

in my second letter because it was felt the two sub-
stantiating references would suffice. My equation (1) is 
a formula useful where the reluctance of the magnetic 
circuit can be determined by the geometry of the prob-
lem. The manner of determining the reluctance has been 

defined. The remaining steps are elementary. Kallmann 
does not question any particular step of my derivation; 
instead, he infers that the result does not apply, either 
for reasons of intuitiveness or choice. He has made an 
error by incorrectly inferring that I ever "arrived at the 
conclusion that it (equation (2)) represents the induc-
tance of a solenoid loaded by a short-circuited secondary 
winding." 
Kallmann's derivation was not criticized because its 

inadequacy was considered obvious in the face of other 
references cited. It is based on an equation listed by 
Terman as "approximate" and limited to configurations 
which Terman has shown in an accompanying Fig. 44 
of the reference cited. Since Kallmann has gone beyond 
the limitations, his derivation is erroneous. 
Kallmann's comments regarding Howe are mislead-

ing. He cleverly skips the fact that my reference was 
to Terman's equation (149), which emphatically con-
cerns cylindrical shields. 
The data given in Fig. 87 of Terman's handbook con-

cern coils having lengths up to 40 diameters which are 
not short in any sense. These data are definitely correct, 
especially for long coils. Kallmann questions the data 
without proof. He admits his implied irrelevance is 
based on what he suspects. 
Let us determine with a simple experiment which 

laws apply and which laws are worthless. A 6-inch length 
(approximately 50 coil diameters) of type RG-65/U 
cable is observed at approximately 2 megacycles to 
have 13 per cent less inductance with the braid than 
without it. The measured dimensions of interest were 
d=0.118 inch and a=0.292 inch. The agreement is 
good, but two corrections should be made regarding 
how to measure d and a. First, the braid allows some 
penetration and its effective diameter should be used 
instead of its inside diameter. By substituting solid 
cylinders which reduce the inductance an equivalent 
amount, and allowing for "skin depth," its effective 
diameter is found to be 0.314 inch. Second, due to 
skin effect wherein the current flows close to the inside 
of the coil, the effective coil diameter is less than the 
mean diameter. Using an effective coil diameter of 
0.113 (plus or minus 0.004) inch the agreement is 
essentially perfect. 
Summarizing, the reduction of inductance of the 

sample tested, according to Kallmann's formula, should 
be 2.6 per cent; according to my formula, 16 per cent 
for uncorrected dimensions and 13 per cent for cor-
rected dimensions; and from experiment the reduction 
of inductance was found to be 13 per cent. Kallmann's 
correction factor in this instance is in error by a factor 
of 5 to 1. 
Obviously this discussion reverts back to the princi-

ples laid down in my first letter. It is regrettable that 
much time and space has been used because of Kall-
mann's contentions which can find no justification in 
experiment. 
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Heinz E. Kalimann:s It appears that Mr. Winkler is 
jumping to conclusions about me; one need not be 
clever to notice that he had cited that reference against 
its plain language. Anybody who cares may check that 
for himself. 
Mr. Winkler's straightforward measurement, how-

ever, appealed to me very much and there I am glad 
to join him. Since the core of the cable tends to curl I 
simulated ft by a single-layer coil, 8 inches long, close-
wound with No. 32 HF Formex wire on an insulating 
rod of 0.093-inch diameter. The inductance of this coil 
was then measured at 2 megacycles in the open, and 
when surrounded by one of six different heavy-walled 
seamless copper tubes, each 8 inches long. Fig. 1 shows 
the relative decrease of the coil inductance L/Lo due to 
these shields, as a function of dla. The single separate 
point shows the effect of the braid on the core of an 
8-inch piece of RG-65/U. 
Since all these observed correction factors are much 

closer to those expected by Mr. Winkler than to my esti-
mates, appears that the resulting decrease in ciable im-
pedance is not "very small" as previously thought but, 
for the RG-65/U, amounts to about 6 per cent. 
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Correspondence 

Radar Reflections from the Lower 
Atmosphere 

June 19, 1947' 

The correspondence on "Radar reflec-
tions from the lower atmosphere," by 
H. T. Friist is of particular interest, since the 
reported echoes may parallel phenomena 
)bserved at Evans Signal Laboratory, Bel-
mar, N. J., during the past two years. Radar 
equipment operating on a wavelength of ap-
approximately 1.25 cm. and directed vertical-
ly has given fairly consistent unexplain-
able echoes at altitudes between approxi-

different 1.25-cm. radar systems, which 
lessens the possibility of equipment pecu-
liarities. The obvious explanation that the 
echoes might be birds has been discarded 
by optical checks. Insects have been ruled 
out, since the echoes have been recorded in 
midwinter. 
. The early observations of this phenomena 
were carried on largely by Herbert Brett of 
Evans Signal Laboratory. 

WILLIAM B. GOULD 
Evans Signal Laboratory 

Signal Corps Engineering Laboratories 
Belmar, N. J. 

data from the network response curve; con-
trary to Frantz's statement, this can be 
accomplished without plotting the output 
r.f. signal point by point as a function of 
time. The additional work of obtaining a 
series expression, as well as questions as to 
the proper convergence of this expression, 
are thus avoided. It is believed that the 
method of calculation to be described is, 
therefore, simpler and more straightforward, 
and in any event may be of interest as an 
alternate method of solution. 
To rephrase the problem: a network hay. 

ing a gain-versus-frequency characteristic 

Fig. 1  Fig. 2  Fig. 3  Fig. 4  Fig. 5 
Fig. 1—A 3-second exposure showing numerous "angels" up to 2000 yards. The range marker 
at the top of the picture is set at 3000 yards. 

Fig. 2—Two "angels" within 1000 yards. Range marker set at 2000 yards. 
Fig. 3—"Angels" at 900 and 2000 yards. Marker set at 3000 yards. One-half second exposure. 
Fig. 4—"Angels" at 600 and 1200 yards. Marker at 3000 yards. One-tenth second exposure. 
Fig. 5—"Angels" at 1000 and 1600 yards. Marker at 3000 yards. One-fifth second exposure. 
Fig. 6—Numerous 'angels." Small range markers at 1000-yard intervals. 

mately 300 and 3000 yards (Figs. 1-6). 
For want of a better term, these echoes have 
been dubbed "Angels" by Signal Corps per-
sonnel. The possibility exists that these 
"Angels" may be echoes from the same 
phenomena as has been occasionally ob-
served on wavelengths in the vicinity of 
10 and 3 cm.; but no convincing correlation 
has as yet been established. 
As noted by Dr. Friis, the number of 

echoes varies greatly during the day and 
from day to day. They are most numerous 
in the first 1000 yards above the ground, 
and none have been observed much in ex-
cess of 3000 yards. The duration of the 
echoes is short, varying from a fraction of a 
second to perhaps a maximum of 10 seconds. 
The short duration may, in part, be ex-
plained by the possible motion of the re-
flecting medium through the relatively nar-
row radar beam produced by the equip-
ments. "Angels" have been observed on four 

• Received by the institute. June 25, 1947. 
1 H. T. Frits, 'Rader reflections from the lower 

atmosphere," Paoc. I.R.E., vol. 35, pp. 494-495; 
May. 1947. 

Network Transmission of a 
Frequency-Modulated Wave 

July 3, 1947* 

In a recent papert Frantz described a 
method for obtaining the output signal 
from a network when the input signal is fre-
quency modulated. (For an excellent gen-
eralized treatment of this problem, when the 
network characteristics are expressed by 
means of a power series, or by means of a 
trigonometric series, the reader is referred 
to a paper by Block.') In the application of 
Frantz's method it is necessary that the 
network response be expressed as a Fourier 
series or, as was also indicated, by other 
series approximations. However, it is pos-
sible to obtain the amplitude and phase of 
the output signal by using point-by-point 

• Received by the Institute, July 7, 1947. 
3 W  J. Frantz. The transmission of a frequency-

moduated wave through a network.  • PROC. I.R.E.. 
vol. 34, pp. 114P-125P; March, 1946. 
IA Block. 'Modulation theory,* Jour. I.E.E. 

(London). pt. III, vol. 91, pp. 31-42; March, 1944. 

Fig. 6 

given by R(w) and a phase-versus-frequency 
characteristic given by Ow) is driven by a 
single-tone f.m. voltage (assumed to be of 
unit amplitude for convenience, as network is 
assumed to be linear with amplitude) given 
by 

ein  sin (wog + en, sin vt) 

E .f.(no sin (coo -I- ne)1. (1) 

It is desired to determine the output voltage 
from the network. 
The input signal indicated in (1) con-

sists of a multiplicity of individual sinu-
soidal signals comprising the carrier and the 
upper- and lower-side frequencies. These 
individual sinusoidal signals can be pic-
tured as vectors of proper length given by 
J„(rtv) rotating counterclockwise about the 
center at an angular frequency given by 
(wo-Fnv). The upper- and lower-side fre-
quencies can be paired off by rewriting (1) 
as 
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ti0..../0(mf) sin cool 

+ Men') [sin (wo-l-v)t—sin (wo—v)1] 

-FJ2(mf)lsin (w0+2v)t-l-sin (w0-2v)1] 

-1-J3(mf)[sin (440-1-3v)t—sin (w0-3v)t] 

(2) 

To better visualize the action that is taking 
place, it is convenient to assume that the 
frame of reference rotates counterclockwise 
with an angular frequency wo so that the car-
rier vector Jo(mf) remains stationary. If this 
is done, then the vectors with the higher 
angular frequencies will rotate counterclock-
wise with angular frequencies of nv, and the 

Using (6) and (7) the point-by-point 
amplitude and phase of the output voltage 
as a function of ti can lx• obtained either by 
algebraic or graphical calculation. Sufficient 
terms are retained to give the desired ac-
curacy with more terms being necessary 
when mf is large. lithe series indicated in (6) 
can be summed up analytically, then a 
closed analytic expression for the output is 
possible. 
If the network-gain characteristic is sym-

metrical so that R_„ = R„, and the network 
phase characteristic is skew symmetrical so 
that 0_„ = —0„ (which is•the case treated in 
detail by Frantz) then (6) and (7) simplify to 

I Got I = ViRoJo(ntf)  2R2J2(mf) cos (2v1 + 02) + 2R4J4(mf) cos (4r1 + 04) + • • • I' 
(8) 

{2R1J1(mf) sin (vi  el) 2R3J3(mf) sin (.3r!  01) + • • • )2 

and 

[2R1.11(nri) sin (et + 01) + 2Rif s(tni) sin (3rt + 03) + • • • ]   
13 = arc tan 1, 

1Ro-fo(mf)  2R212(mf) cos (2v1 + 02) + 2R4J4(mf) cos (4t1 -I- 04) + • • • )1  (9)  

If vt=180°-1-7 it is seen that !God is the 
same as for vt = 7, and that ft is negative the 
value for vt=y, so that for (8) and (9) only 
the regicm of vt=0 to vt =180° need be in-
vestigated. In order to compare (8) and 
(9) with similar results by Frantz, one should 
keep in mind that the phase angle of e004  
used by Frantz is the phase of e.5 with 
respect to the phase of the f.m. wave. Thus 

= phase of e00, with respect to 

the phase of the input  of the article. Then le.0 (( —3)'4-(37)'-37: 8•• 
tan'(-4-37/-3) ')5°.  and  since  25 sin 600=160 
0=19-1600=-650. For vt..180°4 60°, Instantaneous 
frequency-0.9875  Mc. lewd •̀37 . P--95°. and, I 

vectors with the lower angular frequencies 
will rotate clockwise with the same angular 
frequencies nv. This is pictured in Fig. 1(a) 
for the case where mf =1.0 and v1=30°. It 
is readily seen from this figure (as well as 
from (2) by subtracting wo from each 
angular frequency) that the even-order side-
bands pair off to give a vector sum in phase 
with the carrier vector and the odd-order 
sidebands pair off to give a vector sum in 
phase-quadrature with the carrier vector. 
Thus it is seen either from Fig. 1(a) or from 
(2) that 

and 

TASTE 1 

COMPUTATION OF POINTS ON CURVITS 

Shown In Fig. 5 In Article by Frantz' for r1=6011 
Instantaneous Frequency =1.0125 Mc. 

•  C.  not —0.  C. cos OM —O.) 

2 
4 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 

+10 
—20 
+21 
—21 
+16 
— 7 
— 6 
+12 
— 4 
— 9 
+ 2 
+ 9 
+ 8 
+ 4 
-4- 1 

0° 
95 

—163 
— 51 
63 
177 

— 67 
49 
166 

— 76 
42 
161 

— 80 
39 
158 

+10 
+ 2 
—20 
—13 
+ 7 
+ 7 
— 2 
+ 8 
+ 4 
— 2 
+ 2 
— 9 
+ 
+ 3 
— 

— 3 

is  C.  net —P.  C. sin (mei —0 .0 

1 
3 
5 
7 
9 
11 
13 
15 
17 
19 
21 
23 
25 
27 
29 

—25 
+19 
— 9 
— I 
+10 
—14 
+ 7 
+ 6 
—10 
— 4 
+ 7 
+ 9 
+ 5 
+ 2 
+ 1 

4b° 
143 

—108 
6 

120 
—125 
— 9 
107 

—135 
— 17 
102 
140 

— 20 
99 

—143 

—18 
+11 
+ 9 

+ 6 
+ 7 
+ 1 
+ 7 
— 6 
— 2 
+ 2 
0 

+37 

el. , 4/1/0(mf) -1- 2.12(mi) cos 214 + 2.1 4(m f) cos 411 + • • • 12 
+ [2./1(mi) sin rot + 113(m1) sin 321+ ... 12 

13 = phase of eh, with respect to signal of 11 ase aot 

= m1 sin vi  arc tan [2./i(mf) sin vi  2.11(mf) sin 3v1 + • • • I 
=   

[Jo(mf)  212(m1) cos2v1 + 2.14(m,) cos 414 -I- • • • ] 

The network output voltage is obtained, 
as indicated by Frantz, by treating each of 
the sideband terms as an individual signal 
and altering its amplitude by R,,(0,) and its 
phase by 0„(w). Thus, the output voltage 
derived from (2) is 

Got = RoJo(mf) sin (coot  00) 

▪ Ji(n/f)[R, sin { (wo  v)t-F 011 

— R_1 sin {(w, — 0)1 + 0_,)J 

-1- J2(mf)[R2 sin { (4.4  2v)t + 021 

• R_2sin (coo— 2v)t-l- 0_211 

+....  (5) 

If (5) is pictured on the counterclockwise 
rotating reference frame, it is seen (as indi-
cated in Fig. 1(b) for same conditions as 
1(a) with hypothetical network character-
istics) that 

(3) 

(4) 

f.m. wave =  — mf sin rt.  (10) 

A sample calculation of e004  is shown in 
Table I for tt =60° for the same el0 used 
by Frantz, and using values of R(w) and 
0(w), interpolated front curves given by him. 
It is perhaps worth noting that the 

complete value of toot is known, since 
its amplitude is given by' e00,1 and its phase 
is wot +ft or wot mf sin v1+0, i.e.,  Cout 
le.,(1 sin (cont-1-,3). In the event one is 

interested only in the frequency -distortion 
caused .by transmission through a network 
(as, for instance, when limiters remove all 

/I Ro.10(mf) cos 00+ (mAr RI cos (vi  — R..., cos( vi — 

+ Je(nif)[Re cos (2v1 +  + R-2 cos (2v — 0_2)] -1- • • • )2 

{RoJo(ntf) sin 0, + Ji(m1)[R1 sin (vi -I- 01) + R-I sin (vi — 00] 

J2(m1)[R2 sin (2rot + 02) — R-2 sin (2rt — 0-2)] -1- • • • j 2 

and 

13 phase of toot with respect to signal of phase cool 

Rolo(mf) sin 00 -1- Ji(mf)[R1 sin (v1 + + R-2 sin( vi — 0-1)] + • • • I 
= arc tan 

RoJo(mf) cos 0,, + .7,(n)[R, cos  +  cos (vi — 0_1)] + • • • 

(6) 

(7) 

C. = P.)/ e,„x  K —1 when , 0 and K  I 
when is  inter' olated fun Fig. 
4(c) of the article:' 0,, is interpolated fron Fig. 4(d) 

(a) 

2 evt.e., 

e•.̀ 

lork : :  I21J0(I) 

(b) 

Fig. 1—Vector summation of (a) input 
signal, and (b) output signal for an 
arbitrary network (assuming modula-
tion index =1.0, vt =30°). 

amplitude variation), the angular frequency 
distortion term is given by the time deriva-
tive of 0 with respect to time. 

L. J. GIACOLETTO 
Radio Corporation of America 
RCA Laboratories Division 

Princeton, N. J. 
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Institute News and Radio Notes 

I.R.E. Telephone Number 

The telephone number of I.R.E. 
Headquarters at 1 East 79 Street, 
New York City, is REgent 7-9600. 

LOUISVILLE SECTION 
On behalf of the Board of Directors, the 

Executive Committee, at its meeting of 
August 5, 1947, approved the petition for 
the formation of the Louisville Section of the 
I.R.E. 

NEW RTPB OFFICERS 
The Radio Technical Planning Board 

Administrative Committee has elected the 
following officers for the year beginning 
October 1, 1947: Chairman, Haraden Pratt; 
Vice-Chairman, Alfred N. Goldsmith: Treas-
urer, Will Baltin; Secretary, George W. 
Bailey. 

Note from the Executive 
Secretary 

Fellow Members: 
A great engineering society such 

as the I.R.E. assists its membership 
in many ways which may not be im-
mediately clear. Consider, for ex-
ample, how greatly the Institute helps 
each of us through its PROCEEDINGS, 
its standards reports, and its Tech-
nical Committee operations. In these 
ways the Institute gathers the most 
advanced and valuable engineering 
information. It distributes this in-
formation to tens of thousands of 
capable and active engineers, tech-
nicians, and executives. This helps 
each engineer to carry out his own job 
by placing the latest dependable in-
formation before him; by enabling 
him to avoid "technical blind al-
leys"; and by assisting him in getting 
the job done quickly and correctly. 
This in turn results in the creation 

of better products, and the manufac-
ture, sale, and use of larger quantities 
of communications and electronic 
equipment. Thus our industry de-
velops—and new jobs are created. 
And existing jobs become more im-
portant, with, it is hoped, correspond-
ing returns. 
Not only does the I.R.E. advance 

the communications and electronic 
sciences and technologies—it con-
tributes directly to the opportunities 
and success of each of its members 
and of the organizations with which 
they work. 

GEORGE W. BAILEY 

Nineteenth Annual Roches-
ter Fall Meeting 

NOVEMBER 17, 18, 19, 1947 
SHERATON HOTEL, ROCHESTER, N. Y. 

The 1947 Rochester Fall Meeting of 
members of The Institute of Radio Engi-
neers and members of the Radio Manu-
facturers Association engineering depart-
ment will be held at the Sheraton Hotel, 
Rochester, New York, November 17, 18, and 
19, 1947. The meeting will be sponsored by 
the Rochester Fall Meeting Committee. 

PROGRAM 

Monday, November 17, 1937 
TECHNICAL SESSIONS-9:30 A.M. 

and 2:00 P.M. 

1. "V.H.F. Direction Finder for Airport 
Use," A. G. Richardson, Federal Tele-
communication Laboratories. 

2. "R.F. Inductance Meter with Direct-
Reading  Linear  Scale,"  Harold  A. 
Wheeler, Wheeler Laboratories Inc. 

3. "Design and Layout of Radio Receivers 
and The Maintenance Man," A. C. W. 
Saunders, Saunders Radio and Elec-
tronics School. 

4. "Use of Miniature Tubes in A.C.-D.C. 
Receivers for A.M. and F.M.," R. F. 
Dunn, Radio Corporation of America. 

5. "Two-Signal Performance of Some F.M. 
Receiver Systems," , B. D. Loughlin 
and D. E. Foster, Hazeltine Electronics 
Corporation. 

GENERAL SESSION-8:15 P.M. 

1. "Engineering Responsibilities in Today's 
Economy," E. F. Carter, Sylvania Elec-
tric Products, Inc. 

Tuesday, November 18, 1947 

TECHNICAL SESSIONS-9:30 A.M. 
and 2:00 P.M. 

1. "Avenues of Improvement in Present-
Day Television,"  Donald  G.  Fink, 
McGraw-Hill Publishing Company, Inc. 

2. "Standardization of Transient Response 
of Television Transmitters and  Re-
ceivers," R. D. Kell and G. L. Freden-
dall, RCA Laboratories. 

3. "Psychoacoustic Factors in Radio-Re-
ceiver Loudspeaker Selection," Hugh S. 
Knowles, Jensen Manufacturing Com-
pany. 

4. "Spectral Energy Distribution of Cath-
ode-Ray Phosphors," R. M. Bowie and 
A. E. Martin, Sylvania Electric Products, 
Inc. 

5. "Quality Control in Receiving-Tube 
Manufacture," J. A. Davies, General 
Electric Company. 

FALL MEETING DINNER-6:30 P.M. 

Toastmaster—R. A. Hackbusch, Stromberg-
Carlson Company. 

Speaker—F. S. Barton, Ministry of Supply, 
England. "The British Radio Industry 
Today." 

Wednesday, November 19, 1947 

TECHNICAL SESSIONS-9:00 A.M. 
and 2:00 P.M. 

1. "Metallized-Film Coaxial Attenuators," 
John W. E. Griemsmann, Polytechnic In-
stitute of Brooklyn. 

2. "I.F. Selectivity Considerations in F.M. 
receivers," R. B. Dome, General Electric 
Company. 

,3. "A New Television Projection System," 
William E. Bradley, Philco Corporation. 

4. "The Organization of the Work of the 
I.R.E. Technical Committees," L. G. 
Cumming, Institute of Radio Engineers. 

5. "V.H.F. Bridge for Impedance Measure-
ments Between 20 and 140 Megacycles," 
Robert A. Soderman, General Radio 
Company. 

PHOTOGRAPHIC SESSION-8:15 P.M. 

1. "The Problem of Amateur Color Photog-
graphy," Ralph M. Evans, Eastman 
Kodak Company. 

The officers of the Rochester Fall Meet-
ing Committee are as follows: Chairman, 
V. M. Graham, Sylvania Electric Products, 
Inc.; Vice-Chairman, H. A. Brown, Roch-
ester Gas and Electric Corp.; Treasurer, 
H. J. Klumb, Rochester Gas and Electric 
Corp.; Secretary, 0. L. Angevine, Rochester 
Engineering Society. 

SECOND JOINT 
I.R.E.—U.R.S.I. MEETING 
The American Section of the Interna-

tional Scientific Radio Union and the Wash-
ington Section of the Institute of Radio 
Engineers will hold a second joint meeting 
this year on Monday, Tuesday, and Wednes-
day, October 20, 21, and 22, 1947, in the au-
ditorium of the new Interior Department 
Building, C Street between 18 and 19 Streets 
N W., Washington, D. C. The program will, 
as usual, be devoted to the more fundamental 
and scientific aspects of radio and electron-
ics. The program of titles and abstracts will 
be available in booklet form for distribution 
before the meeting. Correspondence should 
be addressed to The Institute of Radio En-
gineers, 1 East 79 Street, New York 21, 
N. Y., or to Dr. Newbern Smith, Secretary, 
American Section, U.R.S.I., National Bu-
reau of Standards, Washington 25, D. C. 

Louis N. PERSIO 

Louis N. Persio (A'30-M'46), Chairman 
of the Williamsport Section of the Institute 
of Radio Engineers, died on August 6, 1947. 
A graduate of Valparaiso University and the 
University of Chicago, Mr. Persio joined 
Radio Station WRAK as an engineer when 
it first began broadcasting in 1932. He was 
made chief engineer in 1934, and held that 
position until his death. He was also main-
tenance supervisor for the radio equipment 
of the Williamsport Police Department. 
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Emporium Section Summer Seminar 
FRIDAY AND SATURDAY, AUGUST 1 AND 2, 1947 

Virgil M. Graham, I.R.E. Director, congratulates H. D. Johnson, 
Seminar Chairman, and N. J. Reitz, Section Chairman. 

Speakers at the Seminar 
Left to right: B. F. Wheeler, Radio Corporation of America: R. Beardsley Graham, 
Bendix Aviation Corporation; George R. Towne, Stromberg Carlson Company.  , 

The Emporium Section of the Institute 
of Radio Engineers held its Eighth Sum-
mer Seminar Friday and Saturday, August I 
and 2, 1947. 
Five technical papers, including demon-

strations of new types of radio receivers 
and a sound moving picture, were presented 
in the two days by leading engineers. 
Inspection trips were arranged for those 

wishing to tour the Emporium plant of 
Sylvania Electric Products, Inc., on Friday, 
August 1. 
The social part of the program consisted 

of a picnic with various outdoor sports and 
supper, on Saturday, August 2. 
Details of the program were as follows: 

TECHNICAL SESSIONS 

Friday, August 1-7:30 p.m. 

I. "Microwave Relaying," 
by B. F. Wheeler, 
Radio Corporation of America. 

2. "Signal-Seeking Receiver" (with demon-
stration), 
by V. W. Wiley, 
Colonial Radio Corporation. 

3. "Micromicrowave Radar" (with demon-
stration), 
by M. G. Nicholson, 
Colonial Radio Corporation. 

Sound Moving Picture, 
"Proximity Fuses" 

Saturday August 2-10:00 a.m. 

1. "Guided Missiles," 
by R. Beardsley Graham, 
Bendix Aviation Corporation. 

2. "Television Today," 
by Dr. George R. Town, 
Stromberg Carlson Company. 

INSPECTION TOURS 

Friday, August 1-1:00 p.m. to 4:00 p.m. 

Emporium plant of Sylvania Electric Prod-
ucts, Inc. 

OUTING 
Saturday, August 2-2:30 p.m. to 8:30 p.m. 

Left:  V. W. Wiley, Colonial Radio Corporation, demonstrates a new type of automobile rece iver.  
Center: L., A. Milton, Colonial Radio Corporation. and W. R. Jones, Chief Engineer. Radio Tube Division,  Sylvania  Electric  

Products, Inc., show a demonstration receiver used in training radio service men. 
Right: M. G. Nicholson, Colonial Radio Corporation, demonstrates radar effects at extremely short wavelengths. 

Ii 
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J. E. Gorham 
J. W. Greer 
H. L. Krauss 
J. A. Morton 
1. E. Mouromtseff 

Minutes of Technical 
Committee Meetings 

The following brief abstracts of 
I.R.E. technical committee minutes 
are intended to keep the membership 
informed as to the activities of such 
groups Members having views or pro-
posals of interest to the committees, 
or desiring possibly available infor-
mation from them. should write di-
rectly to the chairman of the particu-
lar committee, sending a copy of the 
letter to Mr. Laurence G. Cumming, 
Technical Secretary, The Institute 
of Radio Engineers, 1 East 79 Street. 
New York 21, N. Y. 

STANDARDS 

Date   
Place  I.R.E. Headquarters, 

New York, N. Y. 
Chairman  A B Chamberlain 

May 22, 1947 

Present 
A. B. Chamberlain, Chairman 

W. G. Cady 
P. S. Carter 
L. G. Cumming 
E. Dietze 
V. A. Harrington 
F. R. Lack 
E. A. Laport  H. A. Wheeler 

Mr. Lack gave a useful description of the 
intended missions of the American Stand-
ards Association and the proposed relation-
ship between the 1.R.E Standards Corn-
mine activities and the ASA. Mr. Swinyard 
agreed to have his proposed Standards on 
Methods of Testing F.M. Receivers ready 
for circulation to the Standards Com-
mittee within two weeks time. Professor 
Turner made a motion, which was approved 
by the entire committee, that the Piezo-
electric Crystals Committee be changed from 
a special committee to a regular standing 
Technical Committee of the Institute. 

ELECTRON TUBES 
Date  May 23, 1947 
Place  1.R.E. Headquarters, 

New York, N.Y. 
Chairman  R S Burnap 

G. D. O'Neill 
(for R. S. Burnap) 

R. E. Shelby 
(for Paul Larsen) 

W. 0. Sixinyard 
H. M. Turner 

Present 

R. S. Burnap, Chairman 
L. S. Nergaard 
G. D. O'Neill 
H. J. Reich 
A. C. Rockwood 
C. M. Wheeler 

Next year's Electron Tube Conference 
was discussed and Mr. O'Neill reported that 
a reply had been received from Cornell Uni-
versity suggesting possible dates for this 
Conference. The report of the Gas Tube 
Subcommittee was to be sent to members 
with a letter requesting comments to Messrs. 
Burnap and Marshall. A letter from W. W. 
Watrous, Chairman of Joint Electron Tube 
Executive Committee's Gas Tube Commit-
tee was referred to the Power-Output High-

Vacuum Tube and Gas Tube Subcommittees 
for action. 
Mr. O'Neill reported on a meeting of 

representatives of I.R.E. and RMA to dis-
cuss the relative scopes of the organiza-
tions. The Small-Signal High-Vacuum Tube 
Committee's proposed definitions of Decem-
ber 6, 1946, were presented to the com-
mittee. 

ELECTRON TUBES 

Date  July 18, 1947 
Place  I R  E. Headquarters, 

New York, N. Y. 
Chairman  R. S. Burnap 

L. B. Headrick 
S. B. Ingram 
H. L. Krauss 
D. E. Marshall 
I. E. Mouromtseff 

C. M. Wheeler 

The Chairman of the Electron-Tube 
Conference Subcommittee reported that the 
Electron-Tube Conference was a great suc-
cess both technically and financially. He ad-
vised that next year's conference would be 
held June 28 and 29, 1948, at Cornell Uni-
versity. A review of the Small Signal Vac-
uum Tube Subcomniittee definitions and 
methods of testing was made. 

Present 

R. S. Burnap, Chairman 
I. S. Nergaard 
G. D. O'Neill 
H. J. Reich 
A. C. Rockwood 
J. R. Steen 

RADIO TRANSMITTERS 

Date  July 14, 15, 1947 
Place  I.R.E. Headquarters, 

New York, N. Y. 
Chairman  E A. Laport 

Present 

E. A. Laport, Chairman 

L. T. Bird  C. H. Meyers 
Cledo Brunetti  R. L. Robbins 

Robert Serrell 

Messrs. Crosby and Laport had met to 
discuss the differences of opinion between 
this committee and the Modulation Sys-
tems Committee on definitions for clip-
per, limiter, and clipper-limiter. It was 
decided that the definitions would be pre-
pared for publication in alphabetical order. 
The committee deliberated on the defini-
tions previously prepared by the subcom-
mittees on Circuits and Advanced Develop-
ments,  Television,  A.M.  Transmitters, 
F.M. Transmitters, and a list prepared by 
the Chairman; the definitions were processed 
and adopted. 

PIEZOELECTRIC CRYSTALS 

Date  June 9, 1947 
Place  I.R.E. Headquarters, 

New York, N. Y. 
Chairman  W. G. Cady 

Present 

W, G. Cady, Chairman 

W. L. Bond 
Pans Jaffee 
W. P. Mason 

Paul Smith 
R. A. Sykes 
K. S. Van Dyke 

It was voted that Mr. Bond was to ask 
the committee of The Crystallographic 

Societies to participate in a joint meeting 
with the I.R.E. committee in mid-August 
for the discussion of standard nomenclature. 
The committee reviewed a paper on "Crystal 
Rotation Systems," and decided to submit 
the paper to the Executive Committee of 
the I.R.E. and urge its early publication as 
part of the standard report on Piezoelectric 
Crystals. 
Dr. Van Dyke reported that he finds con-

siderable simplification in the elastic piezo-
electric matrices follows if he uses the sym-
metrized system suggested by Dr. Baewald 
at the last meeting. It was unanimously 
carried that Dr. Baewald should be urged 
to publish a paper on this system and that 
he supply the Chairman of the Piezoelectric 
Committee with 100 copies of a draft of this 
paper as soon as possible in order that it 
may be studied-by interested people. 

M ODULATION SYSTEMS 

Date  August 1, 1947 
Place  I R E Headquarters, 

New York, N. Y. 
Chairman  Murray G. Crosby 

Present 

Murray G. Crosby, Chairman 
H. S. Black  V. D. Landon 
F. L. Burroughs  C. T. McCoy 
C. C. Chambers.  Dale Pollack 
L. G. Cumming  0. L. Prestholdt 
W. F. Goetter  (for J. W. Wright) 
D. D. Grieg  Bertram Trevor 

W. G. Tuller 

The committee status reports were passed 
out to the committee members and it was 
decided that the differences in definitions of 
this committee and those of the F.C.C. 
would be taken up by the Chairman of the 
Standards Committee when this set of defi-
nitions was approved by the Standards Com-
mittee and submitted to the F.C.C. A list of 
simplified definitions was proposed by Mr. 
Trevor, and definitions proposed by Messrs. 
Grieg and Black were reviewed. The Trans-
mitter Committee propesed definitions to be 
defined by the Modulation Systems Commit-
tee. Mr. Landon pointed out the urgent ne-
cessity for a definition of the term "Noise 
Factor." 

SUBCOMMITTEES 
PO WER-OUTPUT HIGH-VACUUM TUBES 

Date  June 10, 1947 
Place  Hotel Syracuse, Syracuse, N. Y. 
Chairman.  1. E. Mouromtseff 

Present 

I. E. Mouromtseff, Chairman 

C. E. Fay 
J. W. Greer 
G. R. Kilgore 
H. E. Mendenhall 

E. C. Okress 
H. J. Reich 
C. M. Wheeler 
A. K. Wing 

Consideration of the material for the re-
vised Section 4 was the main business of 
the meeting. This material had been pre-
pared by a group of the members of the 
committee in a meeting on May 20, 1947, 
and was now submitted to the full com-
mittee. Some changes were agreed to and the 
revised draft was left with Professor Reich 
for further editing. 
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Institute Committees-1947 
(Revised as of September 17, 1947) 

EXECUTIVE 
W. R. G. Baker, Chairman 

R. F. Guy, Treasurer and Vice-Chairman 

Haraden Pratt, Secretary 

A. N. Goldsmith, Editor 
S. L. Bailey  •  Keith Henney 

F. R. Lack 

BOARD OF EDITORS 
A. N. Goldsmith, Chairman 

F. W. Albertson 
J. S. Allen 
G. M. K. Baker 
W. L. Barrow 
R. R. Batcher 
A. E. Bowen 
R. M. Bowie 
Ralph Bown 
R. S. Burnap 
0. H. Caldwell 
C. W. Carnahan 
L. W. Chubb 
L. M. Clement 
J. D. Cobine 
M. G. Crosby 
R. B. Dome 
W. G. Dow 
E. W. Engstrom 
%V. L. Everitt 
W. G. H. Finch 
D. G. Fink 
H. C. Forbes 
I. A. Getting 
G. W. Gilman 
P. C. Goldmark 
A. W. Graf 
F. W. Grover 
L. B. Headrick 
E. W. Herold 
J. A. Hutcheson 
C. M. Jansky, Jr. 
J. K. Johnson 
L. F. Jones 
H. S. Knowles 
J. D. Kraus 
J. B. H. Kuper 
J. T. Lawson 

F. B. Llewellyn 
S. S. Mackeown 
Nathan Marchand 
E. D. McArthur 
Knox Mcllwain 
J. W. McRae 
L. A. Meacham 
G. F. Metcalf 
E. L. Nelson 
D. 0. North 
H. F. Olson 
R. M. Page 
H. 0. Peterson 
G. W. Pickard 
Haraden Pratt 
C. A. Priest 
J. R. Ragazzini 
Simon Ramo 
H. J. Reich 
J. D. Reid 
F. X. Rettenmeyer 
P. C. Sandretto 
S. W. Seeley 
V. W. Sherman 
L. C. Smeby 
C. E. Smith 
J. A. Stratton 
W. C. Tinus 
K. S. Van Dyke 
E. K. Van Tassel 
E. C. Wente 
H. A. Wheeler 
J. R. Whinnery 
W. C. White 
L. E. kN'h ttemore 
G. W. Willard 
William Wilson 

. G. Little  I. G. Wolff 
V. K. Zworykin 

AWARDS 
F. B. Llewellyn, Chairman 

E. W. Engstrom  R. A. Hackbusch 
D. G. Fink  D. D. Israel 
V. M. Graham  I. J. Kaar 

EDUCATION 
William H. Radford, Chairman 

W. E. Arcand  A. H. Howell 
R. E. Beam  H. H. Newell 
A. B. Bronwell  R. G. Porter 
Melville Eastham  H. J. Reich 
G. H. Fett  E. H. Schulz 
A. W. Graf  W. J. Seeley 
E. A. Guillemin  F. R. Stansel 
Alan Hazeltine  W. 0. Swinyard 
G. B. Hoadley  G. R. Town 
I— N. Holland  Ernst Weber 

A. H. Wing, jr. 

PAPERS PROCUREMENT 

Dorman D. Israel, Chairman 

Andrew Alford 
B. B. Bauer 
R. M. Bowie 
A. B. Bronwell 
J. W. Butterworth 
I. F. Byrnes 
T. J. Carroll 
Madison Cawein 
K. A. Chittick 
B. J. Chromy 
J. T. Ciniorelli 
Harry Diamond 
Eginhard Dietze 
G. V. Eltgroth 
M. K. Goldstein 
H. Grossman 
R. C. Guthrie 
D. E. Harnett t. R. Harrisen 
. V. L. Hogan 
. V. Hunt 
T. A. Hunter 
Hans Jaffe 
J. J. JakosIty 
Martin Katzin 
C. E. Kilgour 
A. V. Loughren 
I. G. Maloff 
H. B. Marvin 
W. P. Mason 

Pierre Mertz 
B. J. Miller 
I. E. Mouromtseff 
A. F. Murray 
J. R. Nelson 
L. L. Nettleton 
G. M. Nixon 
D. E. Noble 
T. M. Odarenko 
H. F. Olson 
W. E. Reichle 
J. D. Reid 
F. X. Rettenmeyer 
H. W. G. Salinger 
Robert E. Shelby 
W. P. Short 
Daniel Silverman 
P. L. Smith 
J. Q. Stansfield 
G. R. Town 
L. G. Trolese 
H. J. Tyzzer 
K. S. Van Dyke 
W. L. Webb 
J. R. Whinnery 
W. C. White 
G. S. Wickizer 
R. H. Williamson 
R. J. Wise 
C. J. Young 

PAPERS REVIEW 

Murray G. Crosby, Chairman 

H. A. Affel  C. V. Litton 
E. W. Allen  H. R. Lubcke 
C. F. Baldwin  Louis Malter 
B. de F. Bayly  W. P. Mason 
F. J. Bingley  R. E. Mathes 
H. S. Black  H. F. Mayer 
F. T. Bowditch  H. R. Mimno 
H. A. Chinn  R. E. Moe 
J. K. Clapp  R. M. Morris 
I. S. Coggeshall  F. L. Mosely 
S. B. Cohn  I. E. Mouromtseff 
J. M. Constable  G. G. Muller 
F. W. Cunningham  A. F. Murray 
H. D. Doolittle  J. R. Nelson 
0. S. Duffendack  IC A. Norton 
R. D. Duncan, Jr.  H. W. Parker 
I. E. Fair  L. J. Peters 
E. H. Felix  A. P. G. Peterson 
V. H. Fraenckel  W. H. Pickering 
R. L. Freeman  A. F. Pomeroy 
Stanford Goldman  S. 0. Rice 
W. M. Goodall  T. H. Rogers 
W. C. Hahn  H. E. Roys 
G. L. Haller  M. W. Scheldorf 
0. B. Hanson  Samuel Seely 
A. E. Harrison  Harner Selvidge 
J. R. Harrison  C. M. Slack 
T. J. Henry  J. E. Smith 
'C. N. Hoyler  P. L. Smith 
F. V. Hunt  E. E. Spitzer 
Harley lams  E. K. Stodola 
D. L. Jaffe  H. P. Thomas 
Hans Jaffe  Bertram Trevor 
W. R. Jones  Dayton Ulrey 
D. C. Kalbfell  A. P. Upton 
A. G. Kandoian  G. L. Usselman 
J. G. Kreer, Jr.  L. Vieth' 
Emil Labin  S. N. Van Voorhies 
V. D. Landon  R. M. Wilmotte 
H. C. Leuteritz  •J. W. Wright 

. H. R. Ze_amans 

CONSTITUTION AND LAWS 
B. E. Shackelford, Chairman 

G. W. Bailey  R. A. Heising 
A. B. Chamberlain  F. R. Llewellyn 
I. S. Coggeshall  F. E. Terman 
R. F. Guy  H. R. Zeamans 

ADMISSIONS 

G. T. Royden, Chairman 
F. A. Polkinghorn, Vice-Chairman 

R. D. Avery  A. R. Hodges 
H. H. Beverage  A. R. Morton 
R. M. Bowie  R. S. O'Brien 
J. T. Brothers  D. S. Rau 
J. L. Callahan  C. E. Scholz 
H. A. Chinn  S. W. Seeley 
J. D. Cobine  R. F. Shea 
E. D. Cook (W. A. E. R. Shenk 
Ford, alternate)  M. E. Strieby 

E. T. Dickey  J. C. Stroebel 
W. A. Dickinson  W. L. Webb 
0. M. Dunning  F. D. Webster 
Lloyd Espenschied  G. R. White 
T. T. Goldsmith, Jr. G. S. Wickizer 

R. C. G. Williams 

MEMBERSHIP 

Beverly Dudley, Chairman 
A. L. Albert  J. W. Horton 
R. E. Beam  P. B. Laeser 
E. D. Cook  I. E. Mouromtseff 
A. V. Eastman  W. H. Radford 
D. G. Fink  Donald Sinclair 
R. P. Glover  J. A. Stratton 
George Grammer  Ernst Weber 
R. F. Guy  W. C. White 

P. D. Zottu 
(Section Secretaries Ex Officio) 

PUBLIC RELATIONS 
Virgil M. Graham, Chairman 

G. W. Bailey 
E. L. Bragdon 
W. C. Copp 
C. R. DeSoto 
0. E. Dunlap 
W. C. Evans 
H. C. Forbes 
Charles Fry 
R. A. Hackbusch 

Will Whitmore 

Keith Henney 
George Lewis 
R. H. Manson 
E. A. Nicholas 
R. C. Poulter 
H. B. Richmond 
E. L. Robinson 
Crump Smith 
D. B. Smith 

SECTIONS 
W. 0. Swinyard, Chairman 

S. L. Bailey  G. B. Hoadley 
E. D. Cook  Earl Kent 
A. W. Graf  P. B. Laeser 
J. A. Green  L. E. Packard 
R. A. Heising  J. E. Shepherd 

(Section Chairmen Ex Officio) 

NOMINATIONS 
Haraden Pratt, Chairman 

S. L. Bailey  J. J. Farrell 
J. E. Brown  L. C. F. Hone 
E. W. Engstrom  F. B. Llewellyn 

TELLERS 
H. A. Chinn, Chairman 

W. A. Cobb  J. E. Shepherd 
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Technical 

ANNUAL REVIEW 

L. E. Whittemore, Chairman 
;. P. Bosomworth  D. G. Fink 
;eorge Brown  Keith Henney 
L S. Burnap  J. V. L. Hogan 
V. G. Cady  E. A. Laport 
'. S. Carter  P. J. Larsen 
B. Chamberlain  W. B. Lodge 

. S. Coggeshall  E. W. Schafer 
4. G. Crosby  S. A. Schelkunoff 
:ginhard Dietze  W. 0. Swinyard 
I. S. Ellefson  F. E. Terman 

H. A. Wheeler 

ANTENNAS 
P. S. Carter, Chairman 

E. C. Jordan 
W. E. Kock 
K. A. MacKinnon 
W. W. Mieher 
D. C. Ports 
M. W. Scheldorf 
S. A. Schelkunoff 
J. C. Schelleng 
George Sinclair 
P. H. Smith 
L. C. Van Atta 

indrew Alford 
'.M. Bloomer 
;. H. Brown 
iarry Diamond 
V. S. Duttera 
. E. Eaton 
idney Frankel 
;eorge Grammer 
I F. Guy 
F. Holtz 
B. Jacques 

J. W. Wright 

. G. Brainerd 
21edo Brunetti 
2. R. Burrows 
7. C. Everett 
N. L. Everitt 
2. M. Foster 
3. G. Goldman 

W. 

CIRCUITS 
E. A. Guillemin 
H. L. Krauss 
E. E. Overmier 
E. H. Perkins 
J. B. Russell, Jr. 
S. W. Seeley 
W. M. Smith 

N. Tuttle 

ELECTROACOUSTICS 

Eginhard 
P. N. Arnold 
B. B. Bauer 
S. J. Begun 
R. H. Bolt 
R. K. Cook 
M. J. Di Toro 
W. D. Goodale, J 

E. C. Gregg Thompson 

Dietze, Chairman 
F. L. Hopper 
F. V. Hunt 
H. S. Knowles 
G. M. Nixon 
Benjamin Olney 
H. F. Olson 

r.  R. A. Schlegel 
E. S. Seeley 

Committees—May 1, 1947-May 1, 1948 

ELECTRON TUBES 

R. S. Burnap, Chairman 
A. Y. Bentley  Louis Malter 
K. C. De Walt  D. E. Marshall 
W. G. Dow  J. A. Morton  . 
A. M. Glover  I. E. Mouromtseff 
J. E. Gorham  L. S. Nergaard 
George Grammer  G. D. O'Neill 
J. W. Greer  L. M. Price 
L. B. Headrick  H. J. Reich 
E. C. Homer  A. C. Rockwood 
D. R. Hull  A. L. Samuel 
S. B. Ingram  J. R. Steen 
H. L. Krauss  C. M. Wheeler 

FACSIMILE 
J. V. L. Hogan, Chairman 

J. C. Barnes  Pierre Mertz 
Henry Burkhard  H. C. Ressler 
J. J. Callahan  Arthur Rustad 
A. G. Cooley  W. E. Stewart 
R. E. Mathes  E. F. Watson 

R. J. Wise 

(Revised as of September 1, 1947) 

HANDBOOK 
H. A. Wheeler, Chairman 

C. T. Burke  Sidney Frankel 
R. S. Burnap  Knox Mcllwain 
J. D. Crawford  Frank Massa 
C. B. DeSoto  F. E. Terman 
R. L. Dietzold  B. F. Wheeler 
D. G. Fink  J. R. Whinnery 

R. M. Wilmotte 

INDUSTRIAL ELECTRONICS 
G. P. Bosomworth, Chairman 

W. B. R. Agnew 
J. E. Brown 
R. D. Campbell 
C. A. Ellert 
C. W. Frick 
Merle Gander 
H. C. Gillespie 
Otto Glasser 
Guy Harris 
A. C. Holt 
Eugene Mittelmann 

H. W. Parker 
H. 0. Peterson 
Walther Richter 
W. C. Rudd 
P. C. Sandretto 
V. W. Sherman 
D. E. Watts 
Julius Weinberger 
R. M. Wilmotte 
T. L. Wilson 
P. D. Zottu 

MODULATION SYSTEMS 
M. G. Crosby, Chairman 

H. S. Black  D. M. Hill 
J. E. Brown  V. D. Landon 
F. L. Burroughs  B. D. Loughlin 
C. C. Chambers  C. T. McCoy 
F. M. Doolittle  C. R. Miner 
C. W. Finnigan  G. W. Olive 
W. F. Goetter  E. M. Ostlund 
A. C. Goodnow  Dale Pollack 
George Grammer  S. W. Seeley 
D. D. Grieg  Bertram Trevor 
R. F. Guy  W. G. Tuller 

J. W. Wright 

NAVIGATION AIDS 
D. G. Fink, Chairman 

H. G. Busignies  W. E. Jackson 
P. A. D'Orio  H. R. Mimno 
F. C. Dyer (C. R. H. K. Morgan 
Banks, alternate)  Marcus O'Day 

R. C. Ferrar  J. A. Pierce 
N. L. Harvey  J. A. Rankin 
C. J. Hirsch  P. C. Sandretto 
A. B. Hunt  Ben Thompson 

R. R. Welsh 

PIEZOELECTRIC CRYSTALS 
W. G. Cady, Chairman 

C. F. Baldwin  W. P. Mason 
W. L. Bond  P. L. Smith 
J. K. Clapp  R. A. Sykes 
Clifford Fronde!  K. S. Van Dyke 
Hans Jaffe  J. M. Wolfskill 

RAILROAD AND VEHICULAR 
COMMUNICATION 

M. G. Brown, Chairman 
F. T. Budelman  D. E. Noble 
W. T. Cooke  W. W. Salisbury. 
W. A. Harris  David Talley 
C. N. Kimball, Jr.  F. W. Walker 

W. R. Young 

RESEARCH 
F. E. Terman, Chairman 

W. L. Barrow  D. G. Fink 
F. T. Bowditch 
R. M. Bowie 
E. W. Engstrom 
W. L. Everitt 

H. T. Frits 
L. C. Van Atta 
A. F. Van Dyck 
Julius Weinberger 

L. T. Bird 
M. R. Briggs 
Cledo Brunetti 
H. R. Butler 
George Grammer 
A. E. Kerwien 
J. B. Knox 

RADIO RECEIVERS 
W. 0. Swinyard, Chairman 

G. L. Beers  C. R. Miner 
J. E. Brown  Garrard Mountjoy 
W. F. Cotter  H. 0. Peterson 
W. L. Dunn  J. M. Pettit 
H. C. Forbes  Dale Pollack 
D. E. Foster  F. H. R. Pounsett 
C. J. Franks A. R. Hodges  J. D. Reid R. F. Shea 
K. W. Jarvis  H. L. Shortt 
J. K. Johnson  R. M. Wilmotte 

C. F. Wolcott 

RADIO TRANSMITTERS 
E. A. Laport, Chairman 

L. A. Looney 
C. H. Meyer 
J. C. R. Punchard 
R. L. Robbins 
J. C. Schelleng 
Robert Serrell 
I. R. Weir 

RADIO WAVE PROPAGATION AND 
UTILIZATION 

S. A. Schelkunoff, Chairman 
S. L. Bailey  K. A. Norton 
C. R. Burrows  H. 0. Peterson 
T. J. Carroll  J. A. Pierce 
A. E. Cullum  George Sinclair 
W. S. Duttera  R. L. Smith-Rose 
A. G. Fox  J. A. Stratton 
M. C. Gray  H. W. Wells 
D. E. Kerr  J. W. Wright 

STANDARDS 
A. B. Chamberlain, Chairman 
L. G. Cumming, Vice Chairman 

G. M. K. Baker  J. V. L. Hogan 
G. P. Bosomworth 
G. M. Brown 
R. S. Burnap 
W. G. Cady 
P. S. Carter 
M. G. Crosby 
Eginhard Dietze 
D. G. Fink 
V. M. Graham 
Keith Henney 

. C. F. Horle 
E. A. Laport 
P. J. Larsen 
A. V. Loughren 
E. W. Schafer 
S. A. Schelkunoff 
W. 0. Swinyard 
H. M. Turner 
H. A. Wheeler 
L. E. Whittemore 

SYMBOLS 
E. W. Schafer, Chairman 

A. E. Anderson  H. S. Knowles 
0. T. Laube R. R. Batcher 

M. R. Briggs 
R. S. Burnap 
C. R. Burrows 
H. F. Dart 
J. H. Dellinger 
E. T. Dickey 

C. A. Nietzert 
A. F. Pomeroy 
Duane Roller 
A. L. Samuel 
J. R. Steen 
H. M. Turner 

TELEVISION 
P. J. Larsen, Chairman 

W. F. Bailey  R. D. Kell 
J. E. Brown  H. T. Lyman 
K. A. Chittick  J. B. Minter 
D. G. Fink  Garrard Mountjoy 
C. J. Franks  J. A. Ouimet 
P. C. Goldmark  D. W. Pugsley 
R. N. Harmon  R. E. Shelby 
A. G. Jensen  D. B. Smith 
I. J. Kaar  M. E. Strieby 

N. H. Young, Jr. 
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Alabama Polytechnic Institute: Appointment Later 
*Alberta, University of: J. W. Porteous 
Arkansas, University of: G. H. Scott 

British Columbia, University of: H. J. MacLeod 
Brooklyn, Polytechnical Institute of: G. B. Hoadley 

California Institute of Technology: S. S. Mackeown 
*California, University of: L. J. Black 
Carleton College: Appointment Later 
Carnegie Institute of Technology: E. M. Williams 
Case School of Applied Science: P. L. Hoover 
Cincinnati, University of: A. B. Bereskin 
Coloraeo, University of: Appointment Later 
Columbia University: J. R. Ragazzini 
Connecticut, University of: F. P. Fischer 
Ccoper Union: J. B. Sherman 
Cornell University: True McLean 

Detroit, University of: Appointment Later 
Drexel Institute of Technology: Appointment Later 
Duke University: W. J. Seeley 

Florida, University of: F. H. Pumphrey 

Georgia School of Technology: M. A. Honnell 

Harvard University: E. L. Chaffee 

Idaho, University of: Appointment Later 
Illinois Institute of Technology: Appointment Later 
'Illinois, University of: E. C. Jorean 
Iowa, State University of: L. A. Ware 
Iowa State College: W. L. Cassell 

Johns Hopkins University: Ferdinand Hamburger, Jr. 

*Kansas State College: K. Martin 
Kansas, University of: C. L. Coates, Jr. 

Lawrence Institute of Technology: H. L. Byerlay 
Lehigh University: D. E. Mode 
Louisiana State University: W. E. Owen 

Maine, University of: W. J. Creamer, Jr. 
Manhattan College: E. N. Lurch 
Maryland, University of: G. L. Davis 
Massachusetts Institute of Technology: E. A. Guillemin 
and W. H. Radford 

McGill University: F. S. Howes 
Michigan State: J. A. Strelzoff 
*Michigan, University of: L. N. Holland 
Minnesota, University of: 0. A. 13ecklund 
Missouri, University of: D. L. Weidelich 

OFFICE PRACTICES 
R. F. Guy, Chairman 

S. L. Bailey  F. R. Lack 
W. C. White 

BUILDING FUND ADMINISTRATORS 
Melville Eastham  E. A. Nicholas 

Haraden Pratt 

CONVENTION POLICY 
J. E. Shepherd, Chairman 

Austin Bailey  E. J. Content 
G. W. Bailey  B. E. Shackelford 

EDITORIAL ADMINISTRATIVE 
A. N. Goldsmith, Editor—Chairman 

R. S. Burnap  F. B. Llewellyn 
M. G. Crosby  Donald McNicol 
E. W. Herold  Haraden Pratt 

L. E. Whittemore 

Special Committees 
(Revised as of September 1, 1947) 

FOUNDERS 
R. F. Guy, Chairman 

FISCAL 
Haraden Pratt, Chairman 

A. N. Goldsmith  F. R. Lack 
R. F. Guy  F. B. Llewellyn 

INTERNATIONAL LIAISON 
Ralph Bown, Chairman 

F. S. Barton  E. M. Deloraine 
F. B. Llewellyn 

OFFICE QUARTERS 
R. A. Heising, Chairman 

G. W. Bailey  F. B. Llewellyn 
A. N. Goldsmith  Haraden Pratt 

PLANNING 
R. A. Heising, Chairman 

S. L. Bailey  Keith Henney 
A. N. Goldsmith  D. B. Sinclair 

B. E. Shackelford 

PROFESSIONAL RECOGNITION 
W. C. White, Chairman 

E. F. Carter  J. V. L. Hogan 
C. C. Chambers  H. A. Wheeler 

H. R. Zeamans 

SPECIAL PUBLICATION FUND 
F. R. Lack, Chairman 

S. L. Bailey  J. R. Miller 
J. E. Brown  B. E. Shackelford 
R. V. Howard  D. B. Sinclair 

D. B. Smith 

RMA-I.R.E. CO-ORDINATING 
V. M. Graham, Chairman 

L. G. Cumming  D. D. Israel 
J. J. Farrell  Keith Henney 

L. C. F. Horle 

Institute Representatives in Colleges-1947 
(Revised as of September 17, /947) 

Nebraska, University of: F. W. Norris 
Newark College of Engineering: Solomon Fishman 
New Hampshire, University of: W. B. Nulsen 
New Mexico, University of: Appointment Later 
*New York, College of the City of: Harold Wolf 
'New York University: Philip Greenstein 
*North Carolina State College: W. S. Carley 
North Dakota, University of: Clifford Thomforde 
Northeastern University: G. E. Pihl 
*Northwestern University: R. E. Beam 
Notre Dame, University of: H. E. Ellithorn 
Ohio State University: E. M. Boone 
Oklahoma Agriculture and Mechanical College: H. T. Fristoe 
Oregon State College: A. L. Albert 

Pennsylvania State College: G. L. Crossley 
Pennsylvania, University of: C. C. Chambers 
Pittsburgh, University of: Appointment Later 
Princeton University: H. M. Chandler 
*Purdue University: R. P. Siskind 

Queen's University: H. H. Stewart 

Rensselaer Polytechnic Institute: H. D. Harris 
Rice Institute M. V. McEnany 
Rose Polytechnic Institute: H. A. Moench 
*Rutgers University: J. L. Potter 

Southern Methodist University: H. J. Smith 
*Stanford University: Karl Spangenberg 
Stevens Institute of Technology: Carl Neitzert 
Syracuse University: C. S. Roys 

Tennessee, University of: E. D. Shipley 
*Texas, University of: A. W. Straiton 
Toronto, University of: Appointment Later 
Tufts College: A. H. Howell 
Union College: F. W. Grover 
United States Military Academy: L. E. Johnson 
United States Naval Academy: G. R. Giet 
*Utah, University of: 0. C. Haycock 
Virginia, University of: L. R. Quarles 
Virginia Polytechnic Institute: R. R. Wright 
*Washington, University of: A. V. Eastman 
Washington University: S. H. Van Wambeck 
Wayne University: H. M. Hess 
Western Ontario, University of: G. W. Woonton 
West Virginia University: R. C. Colwell 
Wisconsin, University of: Glenn Koehler 
*Worcester Polytechnic Institute: H. H. Newell 
Yale University: H. M. Turner 

• Colleges with approved Student Branches. 
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Sections 

Chairman 

P. H. Herndon  ATLANTA 
3/0 Dept. in charge of  October 17 
Federal Communication 
411 Federal Annex 
Atlanta, Ga. 

F. W. Fischer 
714 Beechfield Ave. 
Baltimore 29, Md. 

W. H. Radford 
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Television, Volume III (1938-
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IV (1942-1946), edited by Al-
fred N. Goldsmith, Arthur F. 
Van Dyke, Robert S. Burnap, 
Edward T. Dickey, and George 
M. K. Baker 
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Before the war, "Television, Volumes I 
and IL" consisting of a collection of papers 
by Radio Corporation of America authors 
on various phases of television, were pub-
lished by the RCA Institute's Technical 
Press. During the war, the publication of 
the series of books, including "Television, 
Volumes land II." was discontinued. Since 
the war, the RCA Review has compiled and 
edited material to bridge the gap and bring 
the television books up to date. 
Volume III contains papers by RCA 

authors published during the years 1938-
1941, and, in addition, summaries of other 
important television papers. The papers in 
this volume are grouped in four sections 
under the headings: Pickup, Transmission, 
Reception, and General. 
An Appendix gives summaries of the 

papers published in the books, "Television, 
Volumes I and II.' Unfortunately, these 
summaries include neither reference to the 
publication in which they originally ap-
peared nor the date of publication. 
Volume IV presents the papers and sum-

maries for the period 1942-1946. The papers 
are divided under the same headings as in 
Volume III, with the addition of groups on 

color television and military television, the 
latter group covering the war-time de-
velopments on which wartime restrictions 
have been removed. In addition, the Ap-
pendix holds a rather complete bibliography 
of television papers by RCA authors for the 
period 1929-1946. 
The judicious choice of papers in full 

form and summaries has minimized repeti-
tion and increased the usefulness of these 
books. The wide scope of the subject matter, 
the wide difference in treatment, and the 
well-balanced presentation of papers on the 
various phases of television, make these 
volumes of great value to engineers, scien-
tists, and all others interested in television. 
With the exception of a few papers which 

are of a general type and some introductions, 
no new information or new treatment of old 
information is presented, since most of the 
information is available in other publica-
tions. 
Although the books, by their very na-

ture, cannot present an integrated, com-
plete, technical treatise, the advantage of 
having a large number of papers on tele-
vision, covering a wide range of subjects in 
readily available form, should not be under-
estimated. It would appear that the editors 
can confidently 'hope" the material here 
assembled may lead to speedy developments 
and advance the position of television 
among the companion arts and sciences. 

LEWIS M. CLEMENT 
Crosley Radio Corporation 

Cincinnati 25, Ohio 

Writing the Technical Report 
(New 'Second Edition), by J. 
Raleigh Nelson 

Published (1947) by McGraw-Hill Book 
Company, Inc., 330 W. 42 St., New York 
IL N. Y. 382 pages-1-6-page index +xiv 
pages. 22 figures. 51+9 inches. Price, $3.00. 

This book is the second edition of a book 
initially published in 1940. While the basic 
scheme of this new edition is unchanged 
from that of the earlier edition, the author 
has revised the details of presentation in 
numerous instances, has supplied additional 
cross references to help the reader, and has 
added a useful index. 

Prepared for the dual objectives of as 
sisting both students and practitioners in 
writing better technical reports, the book is 
well organized for the intended use. It is 
divided into four parts. 
Part I, representing about one-third of 

the material, discusses in seventeen chapters 
the design of the report. Such matters as the 
purpose of a report, its organization, use of 
headings, constructing the paragraph, and 
testing of progress, all liberally illustrated 
by practical examples, are covered in logical 
and adequate detail. 
Part II gives some suggestions as to the 

form of the report. It covers stenographic 
details, style, format, and use of figures and 
tables, and includes about 100 pages of 
illustrative annotated reports in both long 
and short forms. 

Part III, entitled "The Criticism of the , 
Report," treats in five so-called clinics the 
problems of preparing the introduction, 
organizing the material, providing coher-
ence, achieving good sentence structure, and 
of avoiding common editorial errors. 
Part IV, comprising some 45 pages, gives 

suggestions specifically for the use of the 
book in the classroom and is, therefore, of 
minor interest to the practitioner. 
The reviewer finds much in the book to 

commend and little to criticize. On such 
basic matters as the function of a report, its 
viewpoint, and its organization, the author 
has emphasized sound principles which have 
stood the test of practical use. On the other 
hand, he has avoided the pitfalls of a dog-
matic approach, leaving latitude for the 
exercise of judgment in individual cases. By 
providing liberal examples of various forms 
of reports, he, of course, greatly increased 
the difficulties of preparing the text, but the 
examples as a group stand up successfully 
under critical analysis, and are, therefore, a 
valuable contribution. 

This book is well worth reading by the 
engineer. For the man inexperienced in re-
port writing, it provides professional as-
sistance in competently organized form; for 
the man of greater experience, it is an excel-
lent refresher course. 

R. S. BURNAP 
Radio Corporation of America 

Harrison, N. J. 
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Henry I. Metz 
Chairman, Indianapolis Section, 1944-1947 

Henry I. Metz was born August 17, 1904, in Pitts-
burgh, Pennsylvania. He received the B.S. degree in 
electrical engineering from the University of Pittsburgh 

in 1927. 
Mr. Metz joined Westinghouse Electric Manufactur-

ing Corporation in 1925 through a co-operative training 
program, and in 1927 was transferred to the company's 
radio division in Chicopee Falls, Mass. There, he super-
vised the development, intercompany co-ordination, 
and manufacturing engineering of speech-input equip-
ment. He was also placed in charge of the division's 
publicity and technical information. 
In March, 1935, Mr. Metz went to the Bureau of 

Air Commerce (now Civil Aeronautics Administration) 
in Washington, D. C., where he handled the develop-
ment of radio markers and instrument landing systems. 
He was transferred to Indianapolis in 1939 for the instal-
lation and testing of the first C.A.A. consolidated instru-
ment landing system. The C.A.A. Experimental Station 
at Indianapolis was opened, and from 1942 to 1946 Mr. 
Metz was in charge of these laboratories as chief of 

the station. In 1946 he became chief of the radar sec-
tion of the C.A.A.'s consolidated Technical Develop-
ment Services. During October of that year he was co-
ordinator for the ten-day demonstration of air naviga-

tion developments for the Provisional International 
Civil Aviation Organization assembly at Indianapolis. 
In March, 1947, Mr. Metz was appointed superin-
tendent of communications for the C.A.A. second region, 
covering the southeastern states and with headquarters 
in Atlanta. He directs the region's program for conver-
sion of C.A.A. airways facilities to v.h.f. and the adap-
tion of omniranges, instrument-landing, and radar to 
civil aviation. Overseas airways radio teletype stations 
at Miami, Bermuda, and San Juan are maintained by 

his staff. 
Mr. Metz joined The Institute of Radio Engineers 

in 1938 as an Associate and became a Senior Member in 
1946. During his chairmanship, the Indianapolis Sec-
tion became a charter member of the Indianapolis 
Technical Societies Council which was formed in 1945. 
Mr. Metz became president of the Council in 1946. 
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Officials of a government which is truly democratic in its guiding principles 
must be fully determined to represent not one special group or interest but 
rather the best interests of all the people. Their task accordingly requires 
broadness of outlook, honesty of purpose, a judicial temperament, absence of 
striving for power for its own sake, and a wide fund of knowledge of current 
events and underlying trends. Some of these basic requirements are effectively 
discussed in the following illuminating guest editorial by a prominent radio-
engineering consultant, who was as well Chief Engineer of the Federal Com-
munications Commission, and is Vice-Chairman of the Washington Section of 
the Institute.—The Editor. 

Government and Industry 
GEORGE P. ADAIR 

Too often and too long we have used and heard used the expression, "Government versus Industry." In court 
controversies that is correct phraseology, but except for specific and limited points where there is a difference of opinion 
the government is not against industry nor is industry against government. Industry and government are both essen-
tial parts of our nation and neither can function properly without the other. It must be "Industry and Government," 
each performing its own responsibilities. 

As it was possible to win the war only by full co-operation between government and industry, it will be possible 
to win the peace and continued prosperity only by full and continued co-operation. Only by a full understanding of 
each other's problems, limitations, and facilities can the best results flow. Since in the communications and electronics 
fields most of these mututal problems arise from technical considerations, particularly spectrum space and its proper 
utilization, the burden and privilege of responsibility fall largely upon the engineers of both government and industry. 
They are the liaison between government and industry: they hold the key to proper regulation, both technical and non-
technical. With adequate and proper technical facilities, competition and the public's good taste would appear to 
render the need of other regulation negligible. 

Engineers of both must mix freely, both formally and informally, to establish and maintain this liaison whichis the 
only way the desired result, industry growth in all phases in the public interest, can be obtained. The government 
engineer cannot sit in his ivory tower and devise regulations or propound engineering decisions that make any sense. 
The technical developments and the problems of the industry are changing too rapidly. He must have day-to-day first-
hand knowledge. Valuable information can, of course, be obtained through the trade journals, but far more than this is 
required. It is only natural that much of such information is either too general or too specific to be applied without 
interpolations or extrapolations which often result in very erroneous conclusions. It is the duty of the industry eigi-
neer to be the liaison, making sure of the flow of up-to-the-minute, accurate information on one hand; and on the other 
hand assisting in making sure that the regulations and decisions that result are the best obtainable. 
The radio industry in all its branches is highly competitive, which is a healthy situation indeed, but which makes the 

problems of regulation most difficult at best. A ruling for one company is a ruling against another; spectrum space 
assigned to one is lost by another. This makes it doubly important that full and proper liaison be maintained. For-
tunately, but as would be expected, with few exceptions industry engineers have given accurate information to the 
best of their ability, and government engineers have done their best to apply this information with judgment and 
integrity. Biased and half-truth information and testimony is worse than none, and is usually easily spotted and is given 
its due weight and consideration. On the other side of the fence, the government engineer with a "bureaucratic" at-
titude, making regulations simply to make. regulations, is as much a traitor to his trust as if he were actually dis-
honest. Regulations should serve a definite purpose in the public interest or should be abolished. 
Competition, ability, imagination, ingenuity, integrity, and co-operation are the fundamentals of a great industry 

under proper regulation. A good measure of all these has been demonstrated in Communications. I urge only that 
each realize his privilege and responsibility as a liaison member. In this way alone can the use of technological de-
velopments be regulated and guided to harvest the fullest benefits and prevent their use for destructive purposes. 
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The Electronic Research Sponsored by the Office 
of Naval Research* 
E. 

Summary—A survey is given of the re-

search being sponsored by the electronics 
branch of the Physical Sciences Division of 
the Office of Naval Research. The philosophy 
from which the electronics program evolves 

is presented. 

INTRODUCTION 

HE OFFICE of Naval Research has 
been supporting basic research in 
educational institutions and some 

commercial companies. The Research Group 
is the agency within the Office of Naval 
Research (ONR) which has been performing 
this function. 
This paper is a report on the electronic 

aspects of the program. It is my purpose 
here to give you the background of the 
thinking that evolved the electronic pro-
gram, so that we may have a common co-
ordinate system or point of reference for an 
evaluation of the program. 
The motivation for the support of basic 

research is national  welfare,  with the 
realization that national scientific health or 
well-being, will reflect itself directly in 
naval technical growth. The emphasis of 
this program is naturally placed at uni-
versities, the traditional source of basic 
knowledge and the source of technical man-
power. Part of the mis.ion of the program is 
to alleviate the critical shortage of technical 
manpower. 
The actual program, in the ultimate an-

alysis. is evolved in the laboratories. The 
research worker is the man most competent 
to determine or formulate the program. 
ONR does mold it, of necessity, because the 
available funds are limited. However, the 
program is constructed on the basis of the 
composite thinking in the country's labora-
tories. The scientist is invited to submit his 
proposed research problems to ONR. It is 
not the policy to present a list of projects and 
state that these are the ones that will be 
supported. 

DEFINITION OF ELECTRONICS 

To evolve a basic research program in any 
field, it is necessary to define the field. Very 
broadly, it can be stated that electronics 
covers the production and control of radio 
waves, or electromagnetic radiation (speci-
fying some limits as to frequency or wave-
length) and the study and control of the 
motion of charged particles. Although the 
motion of charged particles is the very heart 
of electronics, it is necessary to restrict the 
latter field and exclude chemistry and 

• Decimal Classification: R565 XR010. Original 
manuscript received by the Institute. June 21,1947. 
This work was carried on by the Planning Division, 
Office of Naval Research, Washington, D. C. Pre-
sented. 1947 IR E. National Convention, March 6, 
1947. New York, N. Y. 
t Research Group, Office of Naval Research, 

Washington 25, D. C. 

R. PIOREt, SENIOR MEMBER, I.R.E. 

quantum mechanics. The boundary cannot 
be defined in detail. 
Although the emphasis in electronic re-

search of necessity must be placed on radio 
and vacuum tubes, it is well to point out that 
other fields of science directly determined 
the direction that electronic research could 
take in the past. If electronics is to grow 
and prosper there must be basic research 
in properties of matter. 
The role of other fields can be best indi-

cated by a few examples. The thermionic 
cathode, which is the core of the vacuum 
tube and limits the realization of theo-
retical efficiency of the magnetron, requires 
the attention of the physicist. the chemist, 
and even the metallurgist. The luminescent 
material that coats the cathode-ray tube 
and makes it a useful instrument is de-
veloped by the combined effort of the 
physicist and the chemist. The electronic 
specialists must rely on the physicist, chem-
ist, and metallurgist for research that will 
extend the electronic art in the use of ca-
pacitors, high-frequency cables, and new 
types of core materials for inductors. Even 
the mathematician is making a direct con-
tribution through the current activities in 
analogue and digital computers. When the 
growth of electronics is examined his-
torically, immediately evident is the large 
role played by other basic scientific fields 
in this growth. Langmuir and Dushman 
are chemists. Hull, Tuve, Breit, and Du-
Bridge are physicists. 
Thus, in planning any program, it is 

necessary to maintain a balance between 
direct support in electronics and these 
bordering fields of scientific research which 
will have direct impact on electronics. The 
study of the properties of matter as it 
affects the future growth of electronics re-
quires encouragement. 

THE DVASION OF ELECTRONICS 

For planning purposes the field of elec-
tronics has been divided into five major 
categories. These divisions are propagation, 
the interaction of radio radiation and 
matter, components and the physics of com-
ponents, systems research, and instrumenta-
tion. 
Let me review some selected problems in 

these various fields. The selection is arbi-
trary, with little emphasis on conventional 
lines of research such as circuit theory and 
analysis. I should like to stress that these 
problems had their origin in the laboratories 
reviewed. I shall occasionally indicate the 
institutions that are conducting the research. 
I shall not be able to cover all the tasks nor 
all the institutions receiving ONR support 
in electronics. 
Where appropriate, I shall emphasize the 

deficiencies in the over-all program. The 
cause of these deficiencies is hard to an-
alyze. Some problems are too difficult. Some 
lack the necessary appeal to research work-

ers, and others require a new fundamental 
approach. 
Through the war years emphasis natu-

rally was placed on the development of 
equipment to meet specific military require-
ments. As a result, two apparently opposite 
tendencies occurred simultaneously: (a) the 
dormant character of basic research in that 
period and (b) the creation of new tools for 
research. Thus, in reviewing the current 
research activities, one finds a renewed 
effort in problems that were dormant and 
the utilization of the newly created tools to 
push back the borders of science. 
In preparing a review of this type, one 

is struck with the tremendous impact of 
electronics on other fields of science. 

PROPAGATION 

The emphasis in propagation since the 
end of the war demonstrates the following 
tendencies: (a) the use of newly-created 
toois; (b) a renewed attack on old problems; 
and (c) the contribution of electronics to 
other fields, specifically astronomy and 
meteorology. 
The field that has received recently a 

great deal of emphasis, especially in the 
British Empire, is the study of radiation 
from stellar space and celestial bodies. One 
can get the magnitude of the activity by 
thumbing through last year's issue of Nature. 
In this country work has just been started in 
this field, with emphasis on radiation from 
the sun rather than noise from stellar space. 
Southworth" has measured radiation from 
the sun in the microwave region, and 
found that the radiation in terms of a black 
hady corresponds to temperatures of 20,000° 
K. Reber' using 480 Mc. found that the 
temperature at that frequency, in terms 
of a black body, corresponds to 10°K. The 
optical measurements assign a temperature 
of 6000°K Both Saha' and Martyn" deal 
with the origin and the source of the radio 
radiation in the sun's atmosphere, and 
the sun proper, as a function of frequency. 
In general, the experimental behavior fits 
the theoretical consideration. However, ex-
perimentation must be pushed with nar-
rower and narrower beams, so that, at least 
in the microwave region. the antenna can 
resolve the larger sun spots. This will give 
valuable data to astronomers and at the 
same time may permit better prediction of 
propagation on conventional wavelengths. 
To encourage research in this field, the 

G. C. Southworth. 'Microwave radiation from 
the sun.' Jour. Frank. Inst., vol. 239. pp. 285-298; 
April. 1945 
*G. C. Southworth. "Microuave racilatior from 

the sun.' Jour. Frank. Inst., vol. 241. p. 231: March, 
1946. •G Reber. "Solar radiation at 480 Mc /s.." Nature 
(London). vol. 158. p. 945; December 28. 1946 

M. N. Sal a. 'Conditions of escape of radio-fre-
quency energy from suns and the stars," Nature (Lon-
don). vol. 158. p. 549: October 9,1946. 
• D. F. Martyn. 'Temperature radiation from the 

Quiet sun in radio spectra,' Nature (London), vol. 
158, pp. 632-6.33; November 2, 1946. 
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Office of Naval Research is supporting re-
search at Cornell University. 
As we drop millions of miles toward the 

earth, we come to the well-known F and 
E layers. The studies of the interaction of 
these layers with radio radiation is being 
continued in many places. The principal 
governmental agency in this field is the 
Central Radio Propagation Laboratory of 
the National Bureau of Standards. Work in 
this field is being sponsored by this office at 
the Cruft Laboratories at Harvard Univer-
sity and at Cosmic Terrestrial Laboratory 
at the Massachusetts Institute of Tech-
nology. Resuming a program that was dis-
continued during the war, meteors have 
proven to be a powerful tool in supplying 
data on ionized layers. Recent papers on 
this subject can be found in the Physical 
Review—one by J. A. Pierce' of Cruft 
Laboratory and another by a group from 
Stanford University.' Here again electronics 
can supply useful instrumentation to astron-
omers interested in meteors. 
As we further descend through our at-

mosphere we come to clouds, motions of air 
masses, and all the associated thermo-
dynamic and statistical mechanical prob-
lems. High-frequency radar has been able to 
detect clouds, typhoons, and various types 
of discontinuities in the atmosphere. These 
studies currently are qualitative in nature. 
The available meteorological data are either 
not sufficient in detail or not proper in char-
acter to give this general field a quantitative 
approach not get it out of the descriptive 
stage. The development on the quantitative 
approach level will be useful not only in 
propagation studies but also in meteorology. 
Another problem in propagation that 

relies on meteorological data for the inter-
pretation of results is the existence of trans-
mission paths beyond the radio horizon 
when there is a temperature inversion in the 
atmosphere. The measurement of the angle-
of-arrival is a method that studiei the 
deviation of the path from normal condi-
tions. The most recent publication in this 
field, in this country, comes from the Bell 
Telephone Laboratories.c" 
This effect is of prime importance to all 

users of narrow-beam microwave radiation. 
The Office of Naval Research has continued 
to sponsor this work at the University of 
Texas. One will find here, again, that the 
meteorological data may not be sufficiently 
fine-grain to permit detailed interpretation 
of results. 
These few examples indicate the obvious 

conclusion that progress in propagation re-
search will rely more and more on cross-
fertilization of this field with astronomy 
and meteorology. 
The attenuation of radiation by the 

atmospheric gases is included under the sub-

J. A. Peirce. 'Ionization by meteoric bombard-
ment,' Phys. Res.. vol. 71. pp. 88-93; January IS, 
1947. 

7 L. A. Manning, R. A. Helliwelt, 0. G. Villard, 
and W. E Evans, Jr., 'On the detection of meteors by 
radio,' Phys. Res., vol. 70, p. 767; November 1 and 
IS, 1946. 
• W. M. Sharplesa. 'Measurements of the angle of 

arrival of microwaves,' PROC. I.R.E., vol. 34, pp. 845-
848; November, 1946. 

A. B. Crawford and W. M. Sharpless, 'Further 
observations of the angle of arrival of microwaves,' 
Paoc. I.R.E., vol. 34 pp. 843-848; November. 1946. 

division of interaction of radiation and 
matter. Propagation actually is the study of 
interaction of radiation and matter. The 
division is made on the basis of techniques 
and where the experiments are performed. In 
one case you are stuck in the laboratory; in 
the other case you must be an outdoor man. 

INTERACTION OF RADIATION AND MATTER 

The tremendous increase of activity in 
this field is due to the development of micro-
wave techniques. The war trained many 
people in the manipulation of microwave 
techniques and circuits. Let us examine the 
type of information that can be obtained 
with radio radiation in the study of the 
properties of matter. There are three ap-
proaches: energy, frequency, and wave-
length; and they are fundamentally the 
same. 
Using the energy relative E=hv, one 

finds that microwaves correspond to approxi-
mately 0.001 electron volt, which is of same 
order of magnitude as room temperature. 
Energies of this order of magnitude appear in 
atoms in the coupling of the nuclear and 
electron spins. A method of tremendous 
resolution Compared to optical spectroscopy 
is available for the study of hyperfine struc-
ture in atomic spectra and the determination 
of nuclear spin. 
In the molecules, energies of vibration, 

rotation, and space inversion correspond to 
energies that can be reached by microwave 
radiation. A new tool is available to study 
moments of inertia, the contribution of vari-
ous electric and magnetic moments of the 
molecules in the radiation processes, and 
because of the resolution inherent in the 
technique, isotope effects can be readily 
detected. A general review of this field be-
fore the war is contained in the Review of 
Modern Physics'° Since the war the journals 
have had many papers in this field. Some of 
this type of research is being supported by 
ONR at Harvard, Massachusetts Institute 
of Technology, Yale, Stanford, and Prince-
ton. It is too early to speculate and state in 
definite terms the impact that this research 
will have on electronics. One obvious re-
sult that can be made available in the im-
mediate future is a frequency standard. 
An instrument that would be of tre-

mendous value in this work is a wideband 
spectroscope, so that large regions of the 
spectrum would appear simultaneously on 
some indicator—something analogous to the 
optical grating or prism spectroscope. 
Another approach to radio radiation can 

be made in terms of frequency or accurate 
time pieces. Here again this techniqUe was 
used to study nuclear spin and hyperfine 
structure separation. Rabin and his student 
exploited this method. The oscillator is re-
quired to be at the same frequency as the 
Larmor frequency of procession of angular 
moment. 
As a third approach, let us consider 

microwaves through the concept of length 

"J. B. M. Kellogg and S. Millman. 'Molecular 
beam magnetic resonance method —the radio-fre-
quency spectra of atoms and molecules.' Rev. Mod. 
Phys., vol. !B. pp. 323-352; July. 1946. 

I. Raid, 'Space quartization in a gyrating 
magnetic field.' vol. 51, pp. 652-654; April 15, 1937. 

and, more specifically, length in terms of 
skin effect. Measurement of superconducting 
lead at 3 centimeters has been reported by 
a group from M.I.T." The skin effect de-
termines the penetration of the field. In 
this experiment, the Q of the cavity that 
contained the refrigerant was 2000 at room 
temperature and increase to 10' at 4°K. 
The skin effect can also be a powerful tool 
in studying domain size in ferromagnetism." 
All of us appreciate the value of large Q in 
the microwave region. The ferromagnetic 
studies may permit the utilization of ferro-
magnetic materials at higher and higher fre-
quences. 
Properly the behavior of dielectrics as a 

function of frequency should be included 
here. However, since their use is so inti-
mately tied in with components, they are 
grouped in that general category. 

COMPONENTS AND THE PHYSICS 
OF COMPONENTS 

Basic research in components covers all 
fields in science, and of necessity our ac-
tivities have to be restricted. However, gen-
eral goals can be set. These goals are high 
power, frequency extension, narrower- and 
wider-frequency components, higher reli-
ability, greater flexibility, and components 
to perform new functions. A few selected 
topics will be discussed and the direction of 
the program indicated. 
The basic components are resistors, in-

ductors and capacitors. Nonlinear com-
ponents have been very important in the 
extension of the electronic art. There has 
been a great deal of work on nonlinear re-
sistance elements. The transformer, a non-
linear inductor, is known but has not been 
exploited to the fullest extent in this country. 
In this field, basic work is in progress at the 
Carnegie Institute of Technology, and more 
limited work at the Polytechnic Institute of 
Brooklyn, both under ONR sponsorship. 
Nonlinear capacitors have received very 

little attention. Now it is possible to start 
work in this field. Shepard Roberts," work-
ing at the Laboratory of Insulation Re-
search, has submitted to M.I.T. a doctor's 
dissertation on barium titanate and barium-
strontium titanate. Under certain conditions 
it displays nonlinear characteristics. Apart 
from the basic information that is obtained 
in understanding matter, the circuit designer 
acquires an additional degree of freedom. 
The vacuum tube has equal importance 

in electronics to coils, capacitors, and re-
sistors. ONR activities in this field have been 
restricted to projects that are basic in 
nature, are too long-range for the Bureaus or 
industry, or that are vital to a new field of 
science. 

The history of the vacuum tube can be 
viewed through Maxwell's field equations. 
Langmuir and Childs, through the manipu-
lation Div D... p, gave us the 3/2-power law. 
The study of transit-time phenomena placed 

F. Bitter, J. B. Garrison, J. Halpern, E. Max-
well, J. C. Slater. and C. F. Squire. Phys. Rev.. vol. 70, 
p. 97: July I and 15. 1946 

C Kittel. 'Theory of the structure of ferromag-
netic domain in films and small particles.• Phys. Res, 
vol. 70. P . 965-971; December 1 and IS. 1946. 

S. Roberts, (Doctoral dissertation), Massa-
chusetts Institute of Technology. 1946. 
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emphasis on the last term of Curl H=i-HY. 
Fhe betatron operates on the base of B° 
n Curl E= B°. It is a transformer with the 
electrons acting as the secondary. To date, 
the electronic industry has not developed 
any tube which has this last equation as its 
basis of operation. It would be interesting 
to exploit this thought. 
The tube that may have the same effect 

on the future of the electronic art as the 
magnetron and klystron have had in the 
past is the travelling-wave tube, which was 
reported for the first time in this country by 
Pierce and Fields.' " Although there are 
many patents on this device, it seems that 
the first careful experiments were per-
formed by Kompfner." Now and then there 
are indications that every industrial com-
pany is constructing a traveling-wave tube. 
In a tube of the klystron zind the interaction 
between the electron beam and the electro-
magnetic fields occurs in a small region in a 
short time. In the traveling-wave tube, by 
having the beam and the field traveling at 
the same velocity, the region of interaction 
is extended. Basic studies on this tube are 
taking place at Stanford, M.I.T., and Har-
vard, and under ONR sponsorship. 
The capabilities and limitations of the 

klystron and the magnetron are being 
studied at Yale, Stanford, and Harvard. 
Another form of traveling-wave tube 

can be found in some linear accelerator." 
A number are under construction to be 
used in nuclear research. The beam and field 
travel at the same velocity through a long 
tube. The beam extracts energy from the 
field and is thus accelerated. The activity in 
the linear accelerator is providing very-high-
power sources at ultra-high frequency. His-
torically, there is a close connection between 
linear accelerators and high-power tubes. 
Before the war, the resnatron was initially 
conceived, as a power source for a linear 
accelerator by Sloane and Marshall at the 
University of California. The present ac-
tivity through the country on linear ac-
celerators will produce high-power sources 
of one form or another from 200 to 3000 Mc. 
Industry has limited use for this, and the 
educational institutions are in a position 
to bring radical ideas to bear on the problem. 
In closing the gap between infrared and 

the microwave region, there is a need for 
power generators below 1 centimeter. The 
limit has been reached with present types of 
tubes. Inspiration is required to get practical 
generators as most of the present work is 
along conventional lines. 
The core of vacuum tubes is the cathode. 

R. Pierce and L. Field, 'Traveling-wave 
tubes," PROC. 1.R.E., vol. 35, pp. 108-111; February, 
1947. 
14 I. R. Pierce. 'Theory of the beam-type travel-

ing-wave tube," PROC. I.R.E.. vol. 35, pp. III 123; 
February, 1947. 

" R. Kompfner, 'The traveling-wave tube as 
amplifier at microwaves," PROC. I.R.E., vol. 35. pp. 
124-128; February, 1947. 
"J C. Slater, 'The design of linear accelerators." 

New York Meeting, American Physical Society. Sep-
tember, 1946. 

It may be a thermionic cathode or a cold 
second-electron-emission cathode. In many 
tubes the cathode limits the power output. 
The study of the solid state in its surface 
aspects is receiving very limited attention by 
the academic institutions. This field is im-
portant not only in the cathode development 
but also in the design of such devices as 
storage tubes which are becoming so im-
portant in electronic computers both of the 
analogue and digital type. A great deal of 
experimental work and theoretical specula-
tion are required in this field before im-
provement in electronic gadgetry can be 
.achieved. 

Before concluding this section of the 
paper, let me mention two more topics 
which would give valuable information and 
extend the electronic art but which have 
been receiving limited attention: (a) dis-
charge in gases, especially in the microwave 
region; and (b) general microwave plumbing 
problems, such as wideband plumbing and 
plumbing that will take greater and greater 
power as the frequency is increased. If 
wideband plumbing can be evolved, a 
partial solution to the spectroscope may be a 
by-product. 
The discussion has not touched on cir-

cuit analysis, nor signal and electron dy-
namics. There is a great deal of work in these 
fields, but I think most of you are familiar 
with the work, and one must make arbitrary 
omissions. 

SYSTEMS 

With the knowledge of propagation, the 
interaction of radiation and matter, and the 
components readily available, one is pre-
pared to design the electronic system. 
The whole purpose, or goal, of basic re-

search in a field such as electronics, which 
is essentially an engineering field, is to have 
available all the parameters to permit the 
selection of the best frequency; to perform 
certain operations with the knowledge of 
the limitations imposed by nature on our 
physical universe, the limitations imposed 
by the state of the art; and finally, the limita-
tions imposed by man, the rate of human re-
actions, the physiological processes and the 
like. 
Let us speculate. The air navigation and 

traffic control problem is of major im-
portance. The results of basic research 
should enable us to lock a group of engi-
neers in a large room, give them the opera-
tion requirements, all the data from basic re-
search, and have the engineers come out 
with the design of a complete system that 
solves the problem. The system would be 
aware of every aircraft in the air, would 
through data made available by computers, 
give automatic instructions to the aircraft 
to maintain schedule and avoid collision. 
The men on the ground and the pilot would 
only monitor instruments. 
This type of speculation clearly indicates 

the tremendous fields that require the atten-
tion of basic research activity. In any sys-
tem, even of limited complexity, we are 
always forced to determine the design 
parameters a poskriori. 
Within the Navy, the bureau's construct 

systems, CNO evaluates them, the Fleet 
uses them, and ONR merely analyzes, 
studies, and sponsors basic research to ex-
tend them. Some of the work that is being 
encouraged through ONR support is: (a) re-
search in direction finders at the University 
of Illinois, (b) wideband oscillators at Stan-
ford, and (c) stabilizing microwave systems 
at M.I.T. and Harvard. The results will be 
useful not only for communications but also 
in the laboratories using microwave tech-
nique. Other institutions are concerned with 
signal, large and small: frequency modula-
tion, pulse, and amplitude modulation as 
they travel through various types of net-
works. 
A problem of some interest is the actual 

bandwidth required to transmit a specific 
quantity of information per second. 

INSTRUMENTS 

The field of instrumentation is part of 
the design of systems. Personnel working in 
electronics design a variety of instruments 
not only for their own use but also for use in 
other scientific fields. A typical example is 
the electron microscope. Once the design is 
completed and the theoretical resolution at-
tained, the electronist has no use for his 
instrument. 
In supporting work in this field, it is 

necessary to confine one's enthusiasm. All 
the instruments in nuclear physics, from the 
big machines to the small counters, are 
electronic instruments.  Certain  nuclear 
machinery has been supported, such as 
linear accelerator. The motivation for this 
support was principally electronic. The in-
teresting problems in the linear accelerator 
are a group of high-power sources operating 
in parallel, the study of power in a wave-
guide, the geometric retention of an electron 
beam through a long path, and possible in-
teraction of high-speed electron beam and 
the field. Other instruments that have been 
supported are the high-speed oscilloscopes, 
spectrophotometers, and computers. 
In conclusion, I would like to state that 

there is no implied criticism in the omission 
of any project or institution. Omissions 
were made in the accepted fields in elec-
tronics, but it was my desire to give some 
indication of the breadth of the electronic 
field. 
The Research Laboratory of Electronics 

at M.I.T. is partially supported through a 
Signal Corps Contract by the Signal Corps, 
ONR, and the Air Materiel Command. The 
Cruft Laboratory at Harvard, and the Labo-
ratory for Insulation Research at M.I.T. are 
partially supported through an ONR con-
tract by the Signal Corps and ONR. 
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Radio Propagation at Frequencies Above 30 Megacycles* 
KENNETH BULLINGTONt, ASSOCIATE, I.R.E. 

Summary—Radio propagation is affected by many factors, in-
cluding the frequency, distance, antenna heights, curvature of the 
earth, atmospheric conditions, and the presence of hills and build-
ings. The influence of each of these factors at frequencies above 
about 30 megacycles is discussed, with most of the quantitative data 

being presented in a series of nomograms. By means of three or 
four of these charts, an estimate of the received power and the 
received field intensity for a given point-to-point radio transmission 
path ordinarily can be obtained in a minute or less. 

The theory of propagation over a smooth spherical earth is pre-
sented in a simplified form that is made possible by restricting the 
frequency range to above about 30 megacycles, where variations in 
the electrical constants of the earth have only a secondary effect. 

The empirical methods used in estimating the effects of hills and 
buildings and of atmospheric refraction are compared with experi-
mental data on shadow losses and on fading ranges. 

I. INTRODUCTION 1V1ETHODS of calculating ground-wave propaga-
tion over a smooth si herical earth have been 
given by Burrows and Gray and by Norton for 

all values of distance, frequency, antenna height, and 
ground constants.L•2 These two methods are different in 
form but they give essentially the same results. Both 
methods are relatively simple to use at the lower fre-
quencies where grounded antennas are in common use, 
but their complexity increases as the frequency in-
creases. At frequencies above 30 or 40 megacycles, ele-
vated antennas are in common use, and the radio path 
loss between two horizontal antennas tends to be equal 
to the loss between two N ertical antennas. In addition, 
both types of transmission tend to be independent of 
the electrical constants of the ground, so that consider-
able simplification is possible. This paper presents a 
series of nomograms which have been found useful in 
solving radio propagation problems in the very-high-
frequency range and above. These charts are arranged so 
that radio transmission can be expressed in terms of 
either the received field intensity or the received power 
delivered to a matched receiver. The field-intensity con-
cept may be more familiar, but the power-transfer con-
cept becomes more convenient as the frequency is in-
creased. 
In addition to the smooth-earth theory, an .approxi-

mate method is included for estimating the effects of 
hills and other obstructions in the radio path. The 
phenomena of atmospheric refraction (bending away 
from straight-line propagation), atmospheric ducts 

• Decimal classification: R112 X R113. Original manuscript re-
ceived by the Institute, October 23, 1946: revised manuscript re-
ceived. December 23, 1946. 
t Bell Telephone Laboratories, Inc., New York, N. Y. 
I C. R. Burrows and M. C. Gray, "The effect of earth's curvature 

on ground-wave propagation," PROC. I.R.E., vol. 29, pp. 16-24; 
January, 1941. 
'K. A. Norton, "The calculation of ground-wave field intensities 

over a finitely conducting spherical earth," PROC. I.R.E., vol. 29, 
pp. 623-639; December, 1941. 

(tropospheric propagation), and atmospheric absorp-
tion are discussed briefly, but the principal purpose is 
to provide simplified charts for predicting radio propa-
gation under average weather conditions. It is expected 
that, normally, the nomograms will provide the desired 
answer directly without any additional computation, 
except the addition of the decibel values obtained from 
three or four individual charts. The basic formulas are 
presented as an aid to understanding the principles in-
volved and as a more accurate method, should one be 
required. This paper does not consider sky-wave propa-
gation, although ionospheric reflections may occur at 
frequencies above 30 megacycles ,and may cause occa-
sional long-distance interference between systems oper-
ating on the same frequency.' 
A convenient starting point for the theory of radio 

propagation is the condition of two antennas in free 
space, which is discussed in terms of both received field 
intensity and received power. Since most radio paths 
cannot be considered to be free-space paths, the next 
step is to determine the effect of a perfectly flat earth, 
and this is followed by the effect of the curvature of 
the earth. After the basic smooth-earth theory is com-

pleted, there is a discussion of the variations in received 
power caused by atmospheric conditions and by irregu-
larities on the earth surface, but the methods used in 

predicting these factors are necessarily less exact than 
the data fcr a smooth spherical earth in a uniform atmos-
phere. 

II. FREE-SPACE FIELD 

A free-space transmission path is a straight-line path 
in a vacuum or in an ideal atmosphere, and sufficiently 
removed from all objects that might absorb or reflect 
radio energy. The free-space field intensity E0 at a dis-
tance d meters from the transmitting antenna is given 
by 

30giPt 
E0 =  volts per meter (1) 

where P1 is the radiated power in watts and gi is the 
power-gain ratio of the transmitting antenna. The sub-
script i refers to the transmitter and the subscript 2 will 
refer to the receiver. For an ideal (isotropic) antenna 
that radiates power uniformly in all directions, g=1. 
For any balanced antenna in free space (or located more 
than a quarter-wavelength above the ground), g is the 
power-gain ratio of the antenna relative to the isotropic 
antenna. A small doublet or dipole whose over-all physi-
cal length is short compared with a half-wavelength has 
a directivity gain of g=1.5 (1.76 decibels) and a half-

E. W. Allen, "Very-high-frequency and ultra-high-frequency 
signal ranges as limited by noise and co-channel interference," PROC. 
I.R.E., vol. .35, pp. 128-136; February, 1947. 
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:ave dipole has a gain of g =1.64 (2.15 decibels) in the 
irection of maximum radiation. In other directions of 
ransmission the field is reduced in accordance with the 
ree-space antenna pattern obtained from theory or 
neasurement. Consequently, the free-space field inten-
ity in a direction perpendicular to a half-wave dipole is 

7 V --d- •  (2) 
/30 X 1.64P1 
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Fig. 1—Free-space field intensity and received power between 
half-wave dipoles, 1 watt radiated. 

= 50 decibels above 1 microvolt per meter (about 315 
microvolts per meter). It will be noted that the field 
intensity is related to the energy density of the radio 
wave at the receiving antenna, but is independent of the 

tyre of the receiving antenna. 
The directivity gain of an array of n dipoles (sum of 

driven and parasitic elements) of optimum design is 
approximately equal to n times the gain of one dipole, 
although some allowance should be made for antenna 
power losses. The theoretical power-gain ratio of a horn, 
paraboloid, or lens antenna whose aperture has an area 
of B square meters is g = 47B/X2; however, the effective 
area is frequently taken as one-half to two-thirds of the 
actual area of the aperture to account for antenna in-
efficiencies. 

This field intensity in microvolts per meter for 1 watt 
of radiated power is shown on scale 2 of Fig. 1 as a 
function of the distance in miles shown on scale 1. For 
radiated power of P watts, the correction factor to ap-
ply to the field intensity or power is 10 log P decibels. 
For example, the free-space field intensity at 100 miles 
from a half-wave dipole radiating 1 watt is 33 decibels 
above 1 microvolt per meter (about 45 microvolts per 
meter). When the radiated power is 50 watts (17 decibels 
above 1 watt), the received field intensity is 33+17 

III. RELATION BETWEEN THE RECEIVED POWER 
AND THE RADIATED POWER 

Before discussing the modifications in the free-space 
field that result from the presence of the earth, it is 
convenient to show the relation between the received 
field intensity (which is not necessarily equal to the 
free-space field intensity) and the power that is avail-
able to the receiver. The maximum useful power P2 that 
can be delivered to a matched receiver is given by 

P2 = ( —E1  ) 2 g2 — watts 
27  120 

(3) 

where 
E=received field intensity in volts per meter 
)=wavelength in meters =300/F 
F= frequency in megacycles 
g2= power-gain ratio of the receiving antenna. 

This relation between received power and the received 
field intensity is shown by scales 2, 3, and 4 in Fig. 1 
for a half-wave dipole. For example, the maximum use-
ful power at 100 megacycles that can be picked up by a 
half-wave dipole in a field of 50 decibels above 1 micro-
volt per meter is 95 decibels below 1 watt. 
A general relation for the ratio of the received power 

to the radiated power obtained from (1) and (3) is 

P2  X  /E \2 

PI = k47rdi gigs  k Eo j • 

When both antennas are half-wave dipoles, the power-
transfer ratio is 

.122 1 . 64Xy tE \ 2 _  ( 0 . 13X \ 2 ( 
(4a) 

P1- k 4rd  kE,0)  d  kEoi 

(4) 

and is shown on Fig. 1 for free-space transmission 
(E/E0= 1). 
When the antennas are horns, paraboloids, or multi-

element arrays, a more convenient expression for the 
ratio of the received power to the radiated power is 

given by 
P2  El P2 LE S 

-171 (Xd)2 \Eel 
( 4 b) 
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where B1 and Bg are the effective areas of the transmit-
ting and receiving antennas, respectively. This relation 
is obtained from (4) by substituting g=i1vB/X2, and is 
shown on Fig. 2 for free-space transmission when 
B1=B2. For example, the free-space loss at 4000 mega-
cycles between two antennas of 10 square feet effective 
area is about 72 decibels for a distance of 30 miles. 
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Fig. 2—Received power in free space between two antennas of 
equal effective areas, 1 watt radiated. 

IV. TRANSMISSION OVER PLANE EARTH 

The presence of the ground modifies the generation 
and the propagation of the radio waves so that the re-
ceived field intensity is ordinarily less than would be 
expected in free space. The ground acts as a partial re-
flector and as a partial absorber, and both of these prop-
erties affect the distribution of energy in the region above 
the earth. The principal effect of plane earth on the 
propagation of radio waves is indicated by the following 
equation :4'5 

E = Eo[l  Re° ± (1 — R)Aeg' ± • • • ].  (5) 

Surface Vas 

R is the reflection coefficient of the ground and is ap-

4 Charles R. Burrows, "Radio propagation over plane earth-field 
strength curves," Bell Sys. Tech. four., vol. 16, pp. 45-75; January, 
1947. 
'Kenneth A. Norton, "The propagation of radio waves over the 

surface of the earth and in the upper atmosphere, part II," PROC. 
I.R.E., vol. 25, pp. 1203-1236; September, 1937. 

proximately equal to —1 when the angle 0 between the 
reflected ray and the ground is small. The commonly 
used concept of a perfectly conducting earth, for which 
the reflection coefficient for vertical polarization is +1 
for any angle of incidence, may cause some misunder-
standing at this point. In practice, the principal inter-
est is in low angles, and as the angle 0 approaches zero 
the reflection coefficient approaches —1 for any finite 
value for the conductivity of the earth, even if it were 
made of solid copper. The magnitude and phase of the 
reflection coefficient can be computed from the follow-
ing equation:' 

sin 0 — z 
R=   (6) 

sin 0 + z 

where    
z= Veo—cos70/e2 for vertical polarization 
z= Ve0—cos70 for horizontal polarization 
fo = —j60crX 
e =dielectric constant of the ground relative to unity 
in free space 

a =conductivity of the ground in mhos per meter 
X =wavelength in meters 

j= V-17 
em =cos A-1-j sin A. 

The quantity A is the surface-wave attenuation factor 
which depends upon the frequency, ground constants, 
and type of polarization. It is never greater than unity 
and decreases with increasing distance and frequency, 
as indicated by the following approximate equation:7 

A c•••_, 
2rd 

l+ j —x (sin 0 + z)2 . 

— 1 
(7) 

4 It will be noted that for vertical polarization this expression 
agrees with the data given by Burrows and subsequently included in 
Terman's "Radio Engineer's Handbook," p. 699, first edition, but for 
horizontal polarization it is the negative of that given in these refer-
ences. This change was necessary in order to make equations (5) and 
(6) independent of polarization. The pseudo-Brewster angle fre-
quently mentioned in the literature occurs when the reflection coeffi-
cient is a minimum and is approximately equal to the value of °for 
which sin 8= lel; this occurs with vertical polarization only, since 
t >1 for horizontal polarization. The reflection coefficient is sometimes 
modified by a divergence factor to give a first approximation of the ef-
fect of the curvature of the earth, but this additional complication 
does not qeem essential here. The effect of the curvature of the earth is 
discussed in the next section, and for conditions of frequency and 
antenna height where some interpolation is required, the possible 
variations due to atmospheric conditions are usually greater than 
the error introduced by the omission of the divergence factor. The 
measured data on the plane-earth reflection coefficient agrees reason-
ably well with the theoretical values at frequencies below about 1000 
megacycles. At higher frequencies the magnitude of the reflection 
coefficient is sometimes less than 1, presumably due to multiple 
reflections from the irregularities on the earth's surface. Measured 
values as low as —0.2 at 10,000 megacycles over rolling country have 
been reported by W. M. Sharpless. The low value a reflection co-
efficient is not expected to be important for ground-to-ground trans-
mission, but it tends to smooth the lobes that occur in high-angle 
radiation and, hence, may be important in air-to-ground transmis-
sion. 

7 This approximate expression is sufficiently accurate as long as 
A <0.1, and it gives the magnitude of A within about 2 decibels for 
all values of A. However, as A approaches unity, the error in phase 
approaches 180 degrees. More accurate values are given by Norton, 
where in his nomenclature A =f(P,B)eit 
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The angle A used in (5) is the phase difference in radians 
resulting from the difference in the length of the direct 
and reflected rays. It is equal to 47h1h2/Xd radians, when 
the distance d between antennas is greater than 
about five times the sum of the two antenna heights h1 

and hi. 
The effect of the ground shown in (5) indicates that 

ground-wave propagation may be considered to be the 
sum of three principal terms; namely, the direct wave, 
reflected wave, and surface wave. The first two types 
correspond to our common experience.with visible light, 
but the surface wave is less familiar. Since the earth is 
not a perfect reflector, some energy is transmitted into 
the ground and is absorbed. As this energy enters the 
ground, it sets up ground currents, which is another way 
of saying that the distribution of the electromagnetic 
field in the region near the surface of the earth is dis-
torted relative to what it would have been over an ideal 
perfectly reflecting surface. The surface wave is defined 
as the vertical electric field for vertical polarization, or the 
horizontal electric field for horizontal polarization, that 
is associated with these ground curren ts.! The practical 
importance of the surface wave is limited to a region 
above the ground of about 1 wavelength over land or 
5 to 10 wavelengths over sea water, since for greater 
heights the sum of the direct and reflected waves is 
larger in magnitude. Thus the surface wave is the prin-
cipal component of the total ground wave at frequencies 
less than a few megacycles, but it is of secondary im-
portance in the very-high-frequency range (30 to 300 
megacycles) and it usually can be neglected at fre-
quencies above 300 megacycles. 
A physical picture of the various components of the 

ground wave can be obtained from (5), but an equival-
ent expression which is more convenient for this dis-

cussion is 

A 
— = 2 sin --  j[(1  R)  (1 — R)A]e1(412) . 
Eo  2 

When the angle A =4/rh1h2/Xd is greater than about 
0.5 radian, the terms inside the brackets (which include 
the surface wave) are usually negligible, and a suffi-
ciently accurate approximation is given by 

2whih2 
— = 2 sin   
Eo  Xd 

In this case the principal effect of the ground is to 
produce interference fringes or lobes so that the field 
intensity, at a given distance and for a given frequency, 
oscillates around the free-space field as either antenna 
height is• increased. 
When the angle A is less than about 0.5 radian, the 

(8) 

(8a) 

• Another component of the electric field associated with the 
ground currents is in the direction of propagation. It accounts for 
the success of the wave antenna at lower frequencies, but it is always 
smaller in magnitude than the surface wave as defined above. The 
components of the electric vector in three mutually perpendicular 
co-ordinates are given by Norton. 

receiving antenna is below the maximum of the first 
lobe and the surface wave may be important. A suffi-
ciently accurate approximation for this condition is° 

E =  41-hi'lh' I 

E0 1  I Xd  I 

In this equation h' =h+jho where h is the actual an-
tenna height and ho =X/27rz has been designated as the 
minimum effective antenna height. The magnitude of 
the minimum effective height I ho l is shown in Fig. 3 for 
sea water and for "good" and "poor" soil. "Good" soil 
corresponds roughly to clay, loam, marsh, or swamp, 
while "poor" soil means rocky or sandy ground. 
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(8b) 

The surface wave is controlling for antenna heights 
less than the minimum effective height, and in this re-
gion the received field or power is not affected appreci-
ably by changes in the antenna height. For antenna 
heights that are greater than the minimum effective 
height, the received field or power is increased approxi-
mately 6 decibels every time the antenna height is 
doubled until free-space transmission is reached. It is 
ordinarily sufficiently accurate to assume that h' is equal 
to the actual antenna height or the minimum effective 

antenna height, whichever is the larger. 
The ratio of the received power to the radiated power 

9 This approximate expression is obtained from (8) by assuming: 

+   
sin 0  (1) 

,2wh,h1 W hitt 
sin   (2) 

Ad  Ad 

A  —  — • 
ardsi 

(3) 
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for transmission over plane earth is obtained by sub-
stituting (8b) into (4), resulting in 

P2  ( X ) 2 (4Thi'h2)  hi'h21)2 
—  —  Xd gig2   d2  gig!.  (0) 
P  4rd   

This relation is independent of frequency, and is shown 
on Fig. 4 for half-wave dipoles (g=1.64). A line through 
the two scales of antenna height determines a pcint on 
the unlabeled scale between them, and a second line 
through this point and the distance scale determines the 
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Fig. 4—Received power over plane earth between 
half-wave dipoles. 1 watt radiated. 

received power for 1 watt radiated. When the received 
field intensity is desired, the power indicated on Fig. 
4 can be transferred to scale 4 of Fig. 1, and a line 
through the frequency on scale 3 indicates the received 
field intensity on scale 2. The results shown on Fig. 4 
are valid as long as the value of received power indi-
cated is lower than shown on Fig. 1 for free-space trans-
mission. When this condition is not met, it means that 
the angle L is too large for (8b) to be accurate and that 
the received field intensity or power oscillates around 
the free-space value as indicated by (8a). 
As an example, consider a 250-watt, 30-megacycle 

transmitter with both transmitting and receiving dipoles 
mounted 50 feet above the ground and separated by a 
distance of 30 miles over plane earth. The transmission 
loss is shown on Fig. 4 to be 135.5 decibels. Since 250 

watts is 24 decibels above 1 watt, the received power is 
135.5 —24 =111.5 decibels below 1 watt. (The free-
space power transfer shown on Fig. 1 indicates a re-
ceived power of 91 —24 =67 decibels below I watt, so 
Fig. 4 is controlling.) The received field intensity can be 
obtained from Fig. 1, which shows that a received power 
of 111.5 decibels below 1 watt corresponds to a received 
field intensity of about 23 decibels above I microvolt 
per meter at a frequency of 30 megacycles. Should one 
antenna be only 10 feet above "good" soil, rather than 
50 feet, the minimum effective height of 30 feet shown 
on Fig. 3 should be used on one of the height scales on 
Fig. 4 in determining the transmission loss. It will be 
noted that this example assumes a perfectly flat earth. 
The curvature of the earth introduces an additional loss 
of about 4 decibels, as discussed in the next section. 
In addition to the effect of plane earth on the propa-

gation of radio waves, the presence of the ground may 
affect the impedance of an antenna and thereby may 
have an effect on the generation and reception of radio 
waves. This effect usually can be neglected at fre-
quencies above 30 megacycles, except where whip an-
tennas are used. The impedance in the presence of the 
ground oscillates around the free-space value, but the var-
iations are unimportant as long as the center of the an-
tenna is more than a quarter-wavelength above the 
ground. A convenient method of showing the effect of 
the change in impedance of a balanced antenna near 
the ground is to replace the directivity gain g in the pre-
ceding formulas by the arbitrary factor of g' =gir where 
r is the ratio of the input resistance in the presence of 
the ground to the input resistance of the same antenna 
in free space. This assumes an impedance match be-
tween the antenna and the transmitting equipment with 
proper tuning to balance out any reactance. 
For horizontal dipoles less than a quarter-wavelength 

above the ground, the ratio r is less than unity. It ap-
proaches zero as the antenna approaches a perfectly 

conducting earth, but in practice it does not reach zero 
at zero height because of the finite conductivity of the 
earth. The wave ,antenna and the top-loaded antenna 
frequently used at lower frequencies are sometimes 
called horizontal antennas, but since they are used to 
radiate or receive vertically polarizcd waves they are 
not horizontal antennas in the sense used here. 
For vertiral half-wave dipoles the factor r is approx-

imately equal to unity, since the height of the center of 
the antenna can never be less than a quarter-wave-
length above the ground. For very short vertical dipoles, 
however, the ratio r is greater than unity and it ap-
proaches a value of r=2 for antennas very near to the 
ground. This means that, whereas a short vertical dipole 
whose total length 2/ is small compared with the wave-
length has an input radiation resistance of 80(r/A)2 
ohms in free space, it has a resistance of 160 (rlfX)2 
ohms near the ground. 
Correct results for a vertical whip antenna working 

against a perfect counterpoise are obtained by using 
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=2. This means that a vertical whip antenna of length 
is 3 decibels less efficient than a dipole of length 2/ 
located more than a quarter-wavelength above the 
;round) for either transmitting or receiving. The pco-er 
!fficiencv at the receiver is not important when external 

-wise is controlling. 

V. DIFFRACTION AROUND THE CURVATURE 
OF THE EARTH 

Radio waves are bent around the earth by the phe-
-,nomenon of diffraction, with the ease of bending decreas-
ing as the frequency increases. Diffraction is a funda-
mental property of wave motion, and in optics it is the 
correction to apply to geometrical optics (ray theory) 
to obtain the more accurate wave optics. In other words, 
all shadows are somewhat "fuzzy" on the edges and the 
transition from "light" to "dark" areas is gradual, 
rather than infinitely sharp. Our common experience is 
that light travels in straight lines and that shadows are 
sharp, but this is only because the diffraction effects for 
these very short wavelengths are too small to be noticed 
without the aid of special laboratory equipment. The 
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sight, but it introduces an additional loss. The mag-
nitude of this loss increases as either the distance or the 
frequency is increased and it depends to some extent 
on the antenna height. The loss resulting from the 
curvature of the earth is indicated by Fig. 5 as long as 
neither antenna is higher than the limiting value shown 
at the top of the chart. This loss is in addition to the 
transmission loss over plane earth obtained from Fig. 4. 

order of magnitude of the diffraction at radio frequen-
cies may be obtained by recalling that a 1000-megacycle 
radio wave has about the same wavelength as a 1000-
cycle sound wave in air, so that these two types of waves 
may be expected to bend around obstacles with ap-
proximately equal facility. 
The effect of diffraction around the earth's curvature 

is to make possible transmission beyond the line-of-
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For example, at 150 megacycles, with antenna heights 
of less than 175 feet, the curvature of the earth in a 
50-mile land path introduces a loss of 22 decibels (for 
k 1) in addition to the loss over plane earth. (The 
losses for k =1 are pure diffraction phenomena which 
would occur even in a vacuum. In the next section it 
will be shown that atmospheric refraction may cause a 
similar effect, although the cause is different. The para-
meter k is introduced to account for refraction in the 
earth's atmosphere, so that Fig. 5 shows the combined 
effects of diffraction and refraction.) 
When either antenna is as much as twice as high as 

the limiting value shown on Fig. 5, this method of cor-
recting for the curvature of the earth indicates a loss 
that is too great by about 2 decibels, with the error in-
creasing as the antenna height increases. An alternate 
method of determining the effect of the earth's curva-
ture is given by Fig. 6. This method is derived in the 
Appendix and is approximately correct for any antenna 



1128  PROCEEDINGS OF THE I.R.E.— Waves and Electrons Section Octobe 

height, but it is theoretically limited in distance to 
points at or beyond the line-of-sight, assuming that the 
curved earth is the only obstruction. Fig. 6 gives the loss 
relative to free-space transmission (and hence is used 
with Figs. 1 or 2) as a function of three distances: d1 is 
the distance to the horizon from the lower antenna, d2 is 
the distance to the horizon from the higher antenna, 
and d3 is the distance beyond the line-of-sight. In other 
words, the, total distance between antennas d =4-1-d2 
+4 The distance to the horizon is shown in Fig. 7 for 
various values of k and antenna height. As an example, 
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consider a radio system operating at 300 megacycles 
over smooth earth with antenna heights of 500 and 100 
feet. Fig. 7 indicates that d1=12 miles and d2= 28 miles 
for a value of k=1. Table I shows the loss relative to 
free-space transmission, as obtained from Fig. 6, for 
various distances at and beyond the line-of-sight. 
In Table I, the estimated received power at line-of-

sight is 21 decibels less than would be expected in free 
space, and it decreases about 0.8 decibels for each mile 
beyond line-of-sight. At distances well within line-of-
sight, the earth can be considered flat. There is no accu-
rate method of joining the curve for points well within 
line-of-sight to the curve for points beyond line-of-sight, 
but one or both of the following empirical methods may 
be helpful. The data for flat earth, given in Fig. 4, can be 
used at distances near grazing, provided that each an-
tenna height is interpreted as the height above an im-

aginary plane drawn tangent to the earth at the poin 
of reflection. An alternate method is to use Fig. 6 a 
points near grazing by considering the loss Ls to 
negative whenever ds is negative. In either case, th 
estimated received power should not be greater tha 
would be obtained over flat earth. 
For more accurate results at and beyond the line-of 

sight, the field intensity or received power computed b 
means of Fig. 6 should be increased by 

ru  d1  10 log  (1 +  1±3.) 1 

L.V2 \  d2  d2/ J 

decibels as long as one antenna height is higher than 
the vaiue shown on the top of Fig. 5. In the region of 
antenna heights where Fig. 5 is applicable, it is easier to 
use ard more accurate than the data on Fig. 6. 

TABLE I 

SAMPLE COMPUTATIONS BEYOND LINE-OF-SIGHT 

300 Megacycles—Antenna Heights, 500 and 100 Feet 

Miles  Decibel Losses 

d  d  d2  d3  L1 1.3  14 

Decibel 
Loss in 
Addition 
to the 

Free-Space 
Loss 

40 
45 
50 
55 
60 
65 

12 
12 
12 
12 
12 
12 

28 
28 
2R 
28 
28 
28 

5 
10 
15 
20 
25 

0  18.5 
18.5 
18.5 
18.5 
18.5 
18.5 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

4 
8.5 
13.5 
19 
24 

0  21 
25 
29.5 
34.5 
40 
45 

VI. ATMOSPHERIC REFRACTION AND ABSORPTION 

Thus far it has been assumed that the radio waves are 
traveling through a vacuum, or through an ideal atmos-
phere which has a dielectric constant of unity at all 
points and has zero absorption. Actually, the dielectric 
constant of the air is slightly greater than 1 and is 
variable. It depends on the pressure and temperature 
of the air and on the amount of water vapor present, 
so that it varies with weather conditions and with the 
height above the ground. The change in dielectric con-
stant in several thousand feet is never more than a few 
parts in ten thousand, but this variation is sufficient to 
have an appreciable effect on radio propagation. 
Whenever the dielectric constant varies with the 

height above the ground, the path of a radio wave devi-
ates from a straight line. This change in direction is 
called refraction. A general solution of the problem 
which would allow any possible distribution of dielec-
tric constant with the height above the ground at any 
point along the radio path is virtually impossible be-
cause of a large number of variables involved, so some 
simplifying assumptions are needed in order to obtain 
an engineering solution. The first assumption usually 
made is that of horizontal stratification, which means 
that for any given height the dielectric constant has the 
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iame value at all distances along the radio path. Typical 
iolutions based on this assumption have been worked 
nit, but the problem is still too complex for most ap-
31ications. A simple engineering solution can be ob-
:ained by making the additional assumption that the 
lielectric constant is a linear function of the height. 
Dn this basis, the effect of atmospheric refraction can 
Je included in the expression of diffraction around the 
;mooth earth (without discarding the useful concept of 
;traight-line propagation) by multiplying the actual 
?arth's radius by 

k= 
1 

a As 
1  — 

2 L1z 

where a is the radius of the earth and AE is the change in 
dielectric constant in going from height lz to h+Ah. 
Physically, the phenomenon of refraction is entirely 
separate from the concept of diffraction discussed in the 
preceding section, although for computational purposes 
the two effects are combined by introducing the param-
eter k in Figs. 5 and 6. 
The dielectric constant normally decreases with in-

creasing height (k>1) and the radio waves are bent 
toward the earth. However, under certain atmospheric 
conditions the dielectric constant may increase (0<k 
<1) over a reasonable height, thereby causing the 
radio waves in this region to bend away from the earth. 
Since the earth's radius is about 2.1 X107 feet, a decrease 
in dielectric constant of only 2.4X10 8 per foot of 
height results in a value of k=4/3, which is commonly 
assumed to be a good average value. When the dielectric 
constant decreases about four times as rapidly (or by 
about 10-7 per foot of height), the value of k= 00. This 
means that, as far as radio propagation is concerned, 
the earth can be considered flat, since any ray that starts 
parallel to the earth will remain parallel. 
When the dielectric constant decreases more rapidly 

than 10-7 per foot of height, radio waves that are radi-
ated parallel to or at an angle above the earth's surface 
may be bent downward sufficiently to be reflected from 
the earth. After reflection the ray is again bent toward 
the earth, and the path of a typical ray is similar to the 
path of a bouncing tennis ball. The radio energy ap-
pears to be trapped in a duct or wave guide between the 
earth and the maximum height of the radio path. This 
phenomenon is variously known as trapping, duct trans-
mission, anomalous propagation, or guided propaga-
tion. It will be noted that in this case the path of a 
typical guided wave is similar in form to the path of sky 
waves, which are lower-frequency waves trapped be-
tween the earth and the ionosphere. However, there is 
little or no similarity between the virtual heights, the 
frequencies, or the causes of refraction in the two cases. 
In addition to the simple form of a duct where the 

earth is the lower boundary, trapping may also occur in 
• an elevated duct. For example, assume an ideal case 

where the curve of the dielectric constant versus the 
height above the ground can be represented by three 
straight lines. The lower segment corresponds to the 
height interval of 0 to 100 feet above the ground and 
in this region the dielectric constant decreases very 
slowly, or it may even increase. The middle segment 
corresponds to a height interval of 100 to 150 feet and 
in this region the dielectric constant decreases more 
rapidly than 10-7 per foot. The third section corres-
ponds to heights greater than 150 feet and the dielectric 
constant decreases at a rate less than 10-7 per foot. In 
this ideal case it can be shown that most of the radio 
energy (at frequencies above about 300 megacycles) is 
trapped within a height interval .of about 50 to 150 
feet above the ground, and that the actual path for any 
given ray is approximately a sine wave whose axis is 
100 feet above the ground. 
The phenomenon of trapping is of considerable inter-

est, but quantitative data on radio propagation in a 
duct are beyond the scope of this paper. The concept of 
an effective earth's radius used in Figs. 5 and 6 fails in 
this case because the parameter k is negative, and nega-
tive values are contrary to the original assumptions in 
diffraction theory. However, experience indicates that 
the received field intensity or received power is seldom 
greater than would be expected for plane earth (k=00), 
so this limitation is not expected to be serious. 
Meteorological measurements indicate that the actual 

curve of dielectric constant versus the height above the 
ground is frequently a curved line which may have one 
or more sharp bends, rather than a straight line as re-
quired in using the concept of an effective earth's 
radius." Theoretical considerations indicate that this 
curve can be approximated with reasonable accuracy by 
a series of straight lines as long as each individual line 
corresponds to a change in height of not more than 20 
to 50 wavelengths. At 30 megacycles, for example, the 
actual curve of dielectric constant versus height can be 
approximated by a number of straight lines, each of 
which has a slope corresponding to the average change 
in dielectric constant over a height interval of 600 to 
1500 feet. Since most of the radio energy transmitted 
between two ground stations travels in the first of these 
height intervals, the concept of effective earth radius is 
a useful one and is sufficiently accurate at 30 mega-
cycles. As the frequency increases, however, more than 

10 The investigators in this field usually use M units rather than 
the dielectric constant. The M unit is defined as 

M = ( c_ 1 + —h) 100 
a 

where e is the dielectric constant at height h, and a is the radius of 
the earth. The M unit provides a number of convenient size (usually 
200 to 500) and is modified by the term h/a for use on a flat earth 
diagram. The relation between the parameter k and M units is given 
by 

100 .048 

where M' is the change in M units per foot of height. 
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one segment must be considered, since the straight-line 
approximation is valid over smaller and smaller height 
intervals. At 3000 megacycles, for example, this interval 
is only 6 to 15 feet, and the concept of effective earth 
radius becomes inadequate for analytical use. Consider-
able progress has been made toward formulating a 
method of correcting for atmospheric refraction that 
avoids these limitations, but the complexity of the prob-
lem and the amount of basic data required indicate 
that ordinarily a statistical study of fading ranges may 
be preferred to an analytical solution. 
The experimental data on fading in the 30- to 150-

megacycle range can be correlated reasonably well with 
the concept of effective earth's radius, if it be assumed 
that the value of k is rarely less than 0.8 and is seldom 
greater than 2 or 3. At higher frequencies the received 
signal at distances beyond the line-of-sight is seldom 
less than would be expected for k=0.8 and may be 
equal to or above the free-space value.0 This means 
that the fading range at 3000 megacycles over a path 
10 miles beyond the optical line-of-sight may be a much 
as 60 or 70 decibels. The per cent of time that the signal 
is either extremely high or extremely low depends on 
meteorological conditions, which, in turn, are functions 
of the geography and season of the year as well as the 
daily weather variations. Within the line-of-sight, the 
received power at frequencies above 2000 or 3000 mega-
cycles may vary from several decibels above to 15 deci-
bels or more below the free-space value, even over a 
good optical path. A good optical path is defined as one 
with full first-Fresnel-zone clearance, as discussed in the 
next section. The fading appears to be more severe over 
sea water than over land, but whether this difference re-
sults primarily from a difference in atmospheric condi-
tions or from a difference in the reflecting properties of 
sea water and land has not been clearly established. 
The atmosphere not only affects the direction of a 

radio wave but also it may introduce some absorption 
in the transmission path. The presence of rain, snow, or 
fog introduces an additional attenuation which depends 
on the amount of moisture and on the frequency. During 
a rain of cloudburst proportions the attenuation at 
10,000 megacycles (3 centimeters) may reach 5 decibels 
per mile, and at 30,000 megacycles (1 centimeter) it may 
be in excess of 25 decibels per mile."." In addition to 
the effect of moisture, some selective absorption may 
result from the oxygen, nitrogen, and other components 
of the atmosphere. The first absorption peak due to 
water vapor occurs at a wavelength of about 1.25 

u The theory of trapping would indicate that the received signal 
may be considerably higher than indicated by free-space transmis-
sion. Instantaneous peaks of 18 to 20 decibels above free space have 
been reported, but the average signal is greater than 3 or 4 decibels 
above the free-space value for only a small percentage of the total 
time. 

" S. D. Robertson and A. P. King, "The effect of rain upon the 
propagation of waves in the 1- and 3-centimeter regicns," PROC. 
I.R.F., vol. 34, pp. 178-180; April, 1946. 

G. E. Mueller, "Propagation of 6-millimeter waves," PROC. 
I.R.E., vol. 34, pp. 181-183; April, 1946. 

centimeters and the first peak for oxygen occurs at 
about 0.5 centimeters. These absorption bands are well 
known at frequencies of infrared and visible light, and 
are to be expected as the radio spectrum is extended to 
higher frequencies. 

VII. TRANSMISSION OVER SHARP RIDGES 

The preceding discussion assumes that the earth is a 
perfectly smooth sphere. The modification in these re-
sults caused by the presence of hills, trees, and buildings 
is difficult or impossible to compute, but the order of 
magnitude of these effects may be obtained from a con-
sideration of the other extreme case, which is propaga-
tion over a perfectly absorbing knife edge. 
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The diffraction of plane waves over a knife edge or 
screen causes a shadow loss whose magnitude is shown 
on Fig. 8.'4 The height of the obstruction H is measured 
from the line joining the two antennas to the top of the 
ridge. It' will be noted that the shadow loss approaches 
6 decibels as H approaches 0 (grazing incidence), and 
that it increases with increasing positive values of H. 
When the direct ray clears the obstruction, H is nega-
tive, and the shadow loss approaches 0 decibels in an 
oscillatory manner as the clearance is increased. In other 
words, a substantial clearance is required over line-of-
sight paths in order to obtain "free-space" transmission. 
There is an optimum clearance, called the first-Fres-

nel-zone clearance, for which the transmission is theo-
retically 1.2 decibels better than in free space. Phys-

14  The theory of diffraction over a knife edge is discussed in sev-
eral textbooks including J. C. Slater and N. H. Frank, "Introduction 
to Theoretical Physics," McGraw-Hill Book Co., New York, N. Y. 
1933, pp. 315-323. 
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ically, this clearance is of such magnitude that the phase 
shift along a line from the antenna to the top of the ob-
struction and from there to the second antenna is about 
I wavelength greater than the phase shift of the direct 
path between antennas. When this phase difference is 1 1 wavelength, the path clears the first two Fresnel zones, 
and there is theoretically a loss of about 1 decibel rela-
tive to free space. Similarly, when the phase difference 
, is 3/2 wavelengths the path clears the first three Fresnel 
: zones, and this is a gain of about 0.8 decibel relative to 
I free space. The locations of the first three Fresnel zones 
i are indicated on the right-hand scale on Fig. 8, and by 
r means of this chart the required clearances can be ob-
tained. At 3000 megacycles, for example, the direct ray 
should clear all obstructions in the center of a 40-mile 
path by about 120 feet to obtain full first-zone clear-
• ance. The corresponding clearance for a ridge 100 feet 
in front of either antenna is 4 feet. Should the ridge pro-
ject above the direct path by 4 feet, the shadow loss is 
f about 15 decibels. It will be noted that the effective 
• clearance obtained on a particular path will vary with 
the weather conditions, since the effect of atmospheric 
• refraction is neglected in Fig. 8. 

(a) 

•7T 

(b) 

(C) 

s12 

Fig. 9—Ideal profiles used in developing theory 
of diffraction over hills. 

The problem of two or more knife-edge obstructions 
between the transmitting and receiving antennas, such 
as is shown in Fig. 9(a), has not been solved rigorously. 
However, graphical integration indicates that the 
shadow loss for this case is equivalent within 2 or 3 deci-
bels to the shadow loss for the knife edge represented by 
the height of the triangle composed of a line joining the 
two antennas and a line from each antenna through the 
top of the peak that blocks the line-of-sight from that 

antenna. 
Thus far it has been assumed that the transmission be-

tween the two antennas would be approximately the 

same as in free space, if the obstacles could be removed. 
This assumption is usually valid only at centimeter 
wavelengths, and at lower frequencies it is necessary to 
include the effects of waves reflected from the ground. 
This results in four paths, namely, MOQ, MOQ', M'OQ, 
and M'OQ', shown on Fig. 9(b) for a single obstruction. 
Each of these paths is similar in form to the single path 
illustrated by Fig. 9(a). The sum of the field intensities 
over these four paths, considering both magnitude and 
phase, is given by the following equation: 

1E I S-2- e-1(a+b) -.. =  -  e-i(4+0 4:9-4  

EO  S  S1  Si 

where 

(12) 

E =received field intensity 
Eo =free-space field intensity 
• = magnitude of the shadow loss over path 

MOQ 
So =magnitude of the shadow loss over path 

MOQ' 
S3= magnitude of the shadow loss over path 

M'OQ 
.54= magnitude of the shadow loss over path 

M'OQ' 
A = 4rh1h2fit(d1 +do) radians 
b is approximately equal to 4/rh2H/Xd2 radians 
c is approximately equal to 47rhoH/Xdi radians. 

This equation assumes that the reflection coefficient 
is -1 and that the actual antenna heights are greater 
than the minimum effective antenna height ho. This 
means that the surface wave is neglected, and the equa-
tion fails when either antenna height approaches zero. 
The angles b and c are phase angles associated with the 
diffraction phenomena, and the approximate values 
given above assume that H is greater than h1 or ho. This 
assumption permits the shadow losses to be averaged so 
that SI = 452= S3= S 4= S. After several algebraic manip-
ulations, (12) can be reduced to 

I E I 

I En! 

I  A  b - c 
= 2(2S) ! sin — cos 

2  2 

+ j (sin2 
b  c 

4 
sin2  egar2) b - c 

4 
(13) 

where S is the average shadow loss for the four paths. 
This means that the shadow triangle should be drawn 
from a point midway between the location of the actual 
antenna and the image antenna, as shown in Fig. 9(c). 
For small values of H this equation is approximately 

equal to 

E  A 
I  - E-01 = 2 (2S) sin —. 2  (14) 

Since the field intensity over plane earth (assuming that 
the antenna heights are greater than the minimum ef-
fective height ho) is 2E0sin A/2, the first-order effect of 
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the hill is to add a loss of 20 log 2S decibels, which is 
shown by the nomogram on Fig. 10. 
The complete expression given in (12) indicates that, 

under favorable conditions, the field intensity behind 
sharp ridges may be greater than over plane earth. This 
result has been found experimentally in a few cases, but 
the correlation between theory and experiment is not 
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complete. In general, the field intensity predicted by 
either (12) or (13) tends to be too high; that is, shadow 
losses rather than gains occur on most of the paths on 
which measured data are available. The less-approxi-
mate expression given in (14) agrees more closely with 
experimental data, is more conservative, and is easier 
to use. Consequently, it is usually assumed that the ef-
fect of obstructions to line-of-sight transmission (at 
least in the 30- to 150-megacycle range), is to introduce 
the loss shown on Fig. 10 in addition to the normal loss 
over smooth earth for the antenna heights and distances 
involved. Measured results on a large number'of paths 
in the 30- to 150-megacycle range indicate that about 
50 per cent of the paths are within 5 or 6 decibels of the 
values predicted on this basis. The correlation on 10 per 
cent of the paths is no better than 10 to 12 decibels, and 
an occasional path may differ by 20 decibels. 

VIII. MISCELLANEOUS FACTORS AFFECTING 
PROPAGATION 

The height of an antenna located over plane earth is 
the height of the center of the antenna above ground 
level. Locating an antenna on a hill which slopes down-

ward toward the distant terminal usually increases the 
received power. The magnitude of this improvement can 
be estimated by assuming that the effective antenna 
height (for use on Fig. 4) is the difference in elevation 
between the antenna and the bottom of the hill, provid-
ing that first-Fresnel-zone clearance is obtained over the 
immediate foreground. At 30 megacycles this means a 
clearance of about 20 feet at a distance of 20 feet, 40 feet 
at a distance of 100 feet, 90 feet at a distance of 500 feet, 
etc. The required clearance decreases as the square root 
of the wavelength, and may be obtained from Fig. 8. 
When these clearances are not met, it is convenient to 
assume that the effective antenna height is the difference 
in elevation between the antenna and the point where 
the actual profile intercepts the curve of required clear-
ance (first Fresnel zone). 
Built-up areas have little effect on radio transmission 

at frequencies below a few megacvcles, since the size of 
any obstruction is usually small compared with the 
wavelength, and the shadows caused by steel buildings 
and bridges are not noticeable except immediately be-
hind these obstructions. However, at 30 megacycles and 
above, the absorption of a radio wave in going through 
an obstruction and the shadow loss in going over it are 
not negligble, and both types of losses tend to increase 
as the frequency increases. The attenuation through a 
brick wall, for example, may vary from 2 to 5 decibels 
at 30 megacycles and from 10 to 40 decibels at 3000 meg-
acycles, depending on whether the wall is dry or wet. 
Consequently most buildings are rather opaque at fre-
quencies of the order of thousands of megacycles. 
Shadow losses at street level in the downtown area of 
large cities may be of the order of 30 decibels or more 
at frequencies in the 30- to 150-megacycle. range, and 
the received power may vary 15 to 20 decibels within a 
few feet because of wave interference caused by multi-, 
pie-path transmission. As the frequency increases the 
number of possible multiple paths also increase, so that 
there is some tendency to fill in the deep shadow re-
gions. This means that the average shadow loss at street 
level may not increase as rapidly with frequency as the 
shadow loss behind an isolated ridge, and this is one 
reason for limiting the distance scale on Fig. 10 to values 
greater than 0.1 mile. 

When an antenna is surrounded by moderately thick 
trees and below tree-top level, the average loss at 30 
megacycles resulting from the trees is usually 2 or 3 
decibels for vertical polari7ation and is negligible with 
horizontal polarization." However, large and rapid 
variations in the received field intensity may exist 
within a small area, resulting from the standing-wave 
pattern set up by reflections from trees located at a dis-
tance of as much as 100 feet or more from the antenna. 
Consequently, several near-by locations should be inves-

13 National Defense Research Council Report, Division 13, *Ef-
fect of hills and trees as obstructions to radio propagation," C. M. 
Jansky and S. L. Bailey; November, 1943. 

A 
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tigated for best results. At 100 megacycles the average 
loss from surrounding trees may be 5 to 10 decibels for 
vertical polarization and 2 or 3 decibels for horizontal 
polarization. The tree losses continue to increase as the 
frequency increases, and above 300 to 500 megacycles 
they tend to be independent of the type of polarization. 
Above 1000 megacycles trees that are thick enough to 
block vision present an almost solid obstruction, and the 
diffraction loss over or around these obstructions can be 
obtained from Fig. 8. 

IX. MINIMUM ALLOWABLE INPUT POWER 

The effective use of the preceding data for estimating 
the received power requires a knowledge of the power 
levels needed for satisfactory operation, since the prin-
cipal interest is in the signal-to-noise ratio. The signal 

been adjusted so that most of peaks of speech power can 
be transmitted without causing overmodulation in the 
transmitter. It follows that the required input power for 
a single-channel voice circuit is of the order of 140 deci-
bels below 1 watt, which is roughly equivalent to 1 mi-
crovolt across a 70-ohm input resistance. This limiting 
input power is approximately correct (within 3 or 4 deci-
bels) for both amplitude and frequency modulation, 
since the radio-frequency signal-to-noise ratio must be 
above that required for marginal operation before the 
use of frequency modulation can provide appreciable 
improvement in the audio signal-to-noise ratio. 
The input power must be greater than 140 decibels 

below 1 watt when circuits of above marginal quality or 
greater bandwidth are desired, and when external noise 
rather than set noise is controlling. Man-made noise is 

TABLE 11 

FIGURES TO USE 

Type of Terrain 
Both Antennas Lower 
in Height than 
Shown on Fig. 5 

One or Both Antenna Heights Higher 
than Shown on Fig. 5 

Within Line-  Beyond Line-
of-Sight  of-Sight 

Plane earth 
Smooth earth 
Irregular terrain 

Fig. 4 or 1 
Figs. 4 and 5 
Figs. 4, 5, and 10 

Figs. 4 or 1 or 2 
Figs. 4 or 1 or 2  Figs. 1 or 2 and 6 
Figs. 4 and 10  Figs. 1 or 2 

Or  6 and 10 
1 or 2 and 8 

level required at the input to the receiver depends on 
several factors, including the noise introduced by the 
receiver (called first-circuit or set noise), the type and 
magnitude of any external noise, the type of modu-
lation, and the desired signal-to-noise ratio. A complete 
discussion of these factors is beyond the scope of this 
paper, but the fundamental limitations are listed below 
in order to show the order of magnitude. The theoretical 
minimum noise level is that set by the thermal agitation 
of the electrons, and its root-mean-square power in deci-
bels below 1 watt is 204 decibels minus 10 log (band-
width) where (bandwidth) is approximately equal to 
twice the audio (or video) bandwidth." The set noise of 
a typical receiver may be 5 to 15 decibels higher than the 
theoretical minimum noise. The lower values in this 
range of "excess" noise are more likely to be met in the 
very-high-frequency range, while the higher values are 
more probable in the super-high-frequency range. This 
means that the set noise in a 3000-cycle audio band may 
be 151 to 161 decibels below 1 watt. Measured data in-
dicate that the carrier power needs to be 12 to 20 deci-
bels higher than the noise power,to provide an average 
signal-to-noise ratio that is sufficient for moderate intel-
ligibility. This assumes that the modulation level has 

16  Harald T. Friis, "Noise figures of radio receivers," PROC. I.R.E., 
vol. 32, pp. 419-422; July, 1944. 

frequently controlling at 30 megacycles, but is less Eeri 
ous at 150 megacycles. Above 500 megacycles, set noise 
is almost always controlling. For circuits requiring a 
high degree of reliability, a margin should also be in-
cluded for the fading range to be expected during ad-
verse weather conditions. 

X. SUMMARY AND EXAMPLES 

In any given radio propagation problem some of the 
factors described above are important, while others can 
be neglected. Table II indicates the figures that apply 
to any given situation. 
Whenever Fig. 4 is used, reference should be made to 

Figs. 1 and 3 as a check on its proper use. When Fig. 10 
is used in determining the effects of hills, the profile is 
usually drawn on rectangular co-ordinates (neglecting 
the earth's curvature), and the shadow triangle is drawn 
to the base of the antenna (half way between the an-
tenna and its image). Curved co-ordinates are some-
times used, but they are not necessary since the loss 
caused by the curvature of the earth is either negligible 
or has already been considered in Figs. 5 or 6. Fig. 8 is 
used for determining the first-zone clearance and for es-
timating the shadow losses, when the transmission 
without the obstruction is expected to be the same as in 
free space. In the latter case, the shadow triangle is 
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drawn from the actual antennas, and curved co-ordi-
nates are useful since the curvature of the earth should 
be included in the profile. 

Various examples of the use of these figures have been 
given during the discussion of each individual chart, but 
further examples may help to illustrate the relations be-
tween the various figures. Assume a transmitting dipole 
located 250 feet above the ground and a receiving dipole 
on a 30-foot mast. The estimated transmission losses at 
30, 300, and 3000 megacycles over smooth earth are 
shown on Fig. 11 for k=4/3 for various distances be-
tween these two dipoles. The solid lines indicate values 
obtained from the figures and the dashed lines show the 
region where some interpolation is required. 
The received power depends on the radiated power 

and the antenna-gain characteristics, as well as on the 
transmission loss between dipoles. A typical 30-mega-
cycle transmitter may radiate 250 watts, so that at a 
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Fig. 11—Transmission over smooth earth at 30,300, and 300 
megacycles; half-wave dipoles at 250 and 30 feet. 

000 

distance of 30 miles the received power is 10 log 250 
—129=105 decibels below 1 watt. (The value of 129 
decibels is obtained from Fig. 11.) Similarly, a 300-
megacycle transmitter may radiate 50 watts from a 5-
decibel antenna, and when a 5-decibel receiving antenna 
is used the estimated received power at 30 miles is 10 
log 50+5+5-137=110 decibels below 1 watt. At 3000 
megacycles the radiated power may be 0.1 watt and an-
tenna gains of 28 decibels each are not uncommon, so 
the received power at 30 miles is 10 log 0.1+28+28 
—152=106 decibels below 1 watt. (The value's of ra-
diated power used in this example are not the maximum 
continuous-wave powers that can be obtained, but the 
downward trend with increasing frequency is a charac-
teristic of the available tubes.) 
Over irregular terrain it is assumed that the shadow 

loss based on knife-edge diffraction theory is to be added 
to the transmission loss obtained from smooth-earth 
theory. The computation of shadow losses for the pro-
file shown on Fig. 12(a) is given in Table III. 
The estimated transmission loss for 30 and 300 mega-

cycles, including the shadow loss from Table III, is 

shown by the solid lines on Fig. 12(b), while the dashed 
lines are the corresponding values over smooth earth 
taken from Fig. 11. Superimposed on these average val-
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ues will be unpredictable variations of ±6 to 10 decibels 
resulting from the effects of trees and buildings and from 
profile irregularities that were smoothed out in drawing 
the profile shown in Fig. 12(a). 

TABLE III 

SHADO W-LOSS COMPUTATIONS 

Miles from 
Transmitter (feet) (miles) 

Shadow Loss in 
Decibels Obtained 
from Fig. 10 

30  300 
megacycles megacycles 

12.5 
20 
25 
35 
40 
50 
60 

200 
70 
310 
750 
760 
610 
490 

4.5 
6.5 
4.5 
14.5 
20 
18 
16.5 

3.5 
2 
5.5 
7 
6 
5 
4 . 5 

9 

4 

13 
16 
14 
12 
11 

APPENDIX 

DERIVATION OF DIFFRACTION Loss BETWEEN 
ELEVATED ANTENNAS 

The derivation of the method shown in Fig. 6 for de-
termining the effect of the curvature of the earth is 
based on the data in the appendix to the paper by Bur-
rows and Gray,' and their nomenclature is used in the 
following discussion. 
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The best available equation for radio propagation 
over spherical earth below the line of sight is 

— = (87r;-„)"2 
Eo 

L(h2) exP   fs(hi)   

[L(.5)FL 1 can be substituted in the above equation, re-
sulting in 

(15)  E  g-2 
—41 =   AT 

1 IN2 [2 FL/2] 2 [L(6)] 26 
8 1.2   

where the parameters T. are functions of the ground con-
stants and the height functions fe(h) are independent of 
the distance between antennas. The other symbols are 
defined below: 

22rd 

X 
=  =  + + 3-3 
prkaro 

X ) 

Cirkariz 
= z2   

X ) 

d = distance between antennas 

a = radius of the earth 

X = wavelength 

effective earth's radius 
k = ratio of   

true earth's radius 

z=   for vertical polarization 
€0 

= -V e) — for horizontal polarization. 

The height function f.(14) can be represented by 

3   exp (ir36)Ni 
Mk') —    (16) 

N/22rg-i N/ Q—r—,[Ji/a(z.)  J—i/a(z.)] 

where 

= 

22rdi 

X 

erkay" 

X ) 

= -V2kahi = distance to horizon from antenna height III 

= is a function of 7-8. 

The factor NI is approximately equal to 1 for values of 
6> 6, but its value for Ei <6 is still to be determined. 
Substituting the value of fa(hi) given in (16) and a 

similar one for f,(//2) into (15) results in 

=  , 

E°  V 87rTi?-21v11", 
2 1—ds_o 4 [(5  2rs 

ir.   [  exp  Q". —  - r2))  2 

1/3-V— 2r, [Jva(z,)  J_1/3 (z,) [a + 2r.] 

The quantity inside the second pair of brackets after 
the summation sign is in the same form as in (4a) in the 
paper by Burrows and Gray,' so that their solution 

(17) 

(18) 

when •5>>r,. 
This step involves the assumption that 

E1.2= [  Ad2 
ip=0  0-0 

where A. is any function of s. Th's assumption is not 
justifiable in the general case, but in this instance it af-
fects the loss L3 (shown on Fig. 6) only in the region near 
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Fig. 13—Attenuation factors used in theory of 
diffraction over smooth earth. 

10 

the line-of-sight. When the loss L3 is greater than about 
30 decibels, the first term (s = 0) is accurate within one 
or two decibels; when the loss L3 is less than 30 decibels 
(which occurs near the line-of-sight), the above assump-
tion may introduce an error of about +3 decibels. Since 
these possible errors are no greater than the effect of a 
small change in the assumed value of the parameter k, 
the over-all accuracy is not greatly impaired, and this 
procedure simplifies the problem considerably. 
The parameter 20 log FL (taken from Fig. 10 of the 

Burrows and Gray paper) is shown on Fig. 13 as a func-
tion of Ea, since L= E3 for large values of 5. Also, for large 
values of 5, L(5)=1/ 0. Consequently, (18) reduces to 

dl d3 
1+ — +---

E  (12 d2 

E0  87rri 
NiN2M3 

[N2] [31 3][-1  (1 + (12- + (22 ) 1 12 
V2- d2  d2/ 

(19) 
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where Ms= [2FL/212 and 20 log M s is plotted in Fig. 
13. The term in the first set of brackets is a func-
tion of di (since N1 depends on d1 but is independent 
of d2 and ds); the factor in the second set of brackets 
is a function of d2; and the factor in the third set 
of brackets is a function of ds. The fourth term is 
small, providing that d1 is defined as the distance 
to the horizon from the lower antenna, and it ordinarily 
can be neglected. 
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Fig. 14—Values of N. 
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The factor N is equal to unity when r is greater than 
about 6, but more information about the factor N is re-
quired in order that (19) can be used at lower antenna 
heights. When one antenna is high so that 1'2 > 6, and the 
other antenna low (r2<l), (19) at line-of-sight reduces 
to 

E 

E0 

A solution to this same problem is given by Burrows and 
Gray (19) which can be shown to be equivalent to 

E  ri2 

E0= 2 

By setting these two expressions equal it is found that 

= -V-27r r25/2 (20) 

for low values of 

The asymptotic value of 20 log s/22r EP is shown 
by the dashed line on the left side of Fig. 14, while 
the other asymptotic value of 20 log N=0 for high 
antenna heights is also shown by a dashed line. The 
true value of N must be a smooth curve or a family of 
curves joining these two asymptotic values. 
A second method for determining the magnitude 

of N is to assume a grazing path with two antennas of 
equal height. This means that  1=2; =N s; /.4 = 2 j. 

For this case (19) reduces to 

N12 

E0  V4irri 

Another solution to this problem is well known for the 
case of El <1. It is 

E  4714122 
= —  
2r. 

F. 
E0 Xd 

where F. is the diffraction loss caused by the curvature 
of the earth when both antennas are near the ground. 
The value of 20 log F. is shown on Fig. 13 as a function 
of r. and is also given by the nomogram in Fig. 5. By 
setting these two expressions equal, it is found that 

N12 ri4 
=  F. 

V4rri 

N 12 =  n2/2F, 
4. 

or  20 log NI = — 0.5  35 log 

where F. is a function of 2r2. 
The value of 20 log N1 is shown on Fig. 14, as a func-

tion of ri (or N 2 as a function of r2). The values of N for 
the range of 0.3 < <1 have been computed from (21). 
(The quantity ri is greater than 0.3 whenever the an-
tenna height is greater than 50 feet at 30 megacycles, or 
greater than 10 feet at 300 megacycles.) The values of 
N in the range of 1 <g- <6 have been interpolated, but 
there seems little chance of serious error in this proce-
dure. 

In the nomogram on Fig. 6, the decibel loss 

= 20 log  N1 

+ 10 log F.  (21) 



1947 PROCEEDINGS OF THE I.R.E. — Waves and Electrons Section  1137 

Wide-Range Ultra-High-Frequency Signal Generators* 
A. V. HAEFFt, SENIOR MEMBER, I.R.E., T. E. HANLEYt, ASSOCIATE MEMBER, I.R.E., 

AND C. B. SMITHL ASSOCIATE MEMBER, I.R.E. 

Summary —A series of wide-range signal generators, covering a 
frequency range from 90 to 9700 megacycles, was developed during 

the war at the Naval Research Laboratory. The radio-frequency-os-
cillator circuits are of low capacitance, resulting in good pulse as well 

as continuous-wave operation. The mutual-inductance-type at-
tenuators give a range in output level of over 100 decibels below 0.1 
volt across 50-ohm output impedance with an absolute accuracy of 
the order of 1 decibel. Versatile pulsing, synchronizing, and modu-
lating circuits make the instruments particularly useful in pulse 
system studies. The usefulness of these signal generators led to their 

large-scale production and use in the laboratory and in the field. 
Experience gained in their design and use forms the basis for future 

progress in this field. 

INTRODUCTION 

0
 NE OF the most versatile instruments in elec-
tronic research is the calibrated signal generator. 
Its use makes it relatively easy to solve many 

problems experimentally whose solutions otherwise may 
be extremely difficult. 
Great intensification of research in the field of ultra-

high-frequency electronics took place shortly before the 
war, and a need for ultra-high-frequency signal genera-
tors became particularly apparent at that time. Since 
no satisfactory instruments were available, a program Jf 
research on signal generators was initiated at the Naval 
Research Laboratory early in 1941. This work was pros-
ecuted by a small group under the direction of the 
senior author of this paper and was carried as an extra 
activity outside the official laboratory program until 
satisfactory results in the form of successful laboratory 
instruments were obtained. At that time the Bureau of 
Ships initiated the procurement of signal generators, 

based on the laboratory design, for use by other govern-
ment laboratories, the United States Fleet, and the 
commercial organizations, particularly in connection 
with the development and production of countermeas-
ure equipment. In order to expedite the introduction 
and use of signal generators by all organizations in 
need of these instruments, complete design and per-

formance information on Naval Research Laboratory 
models was supplied to several organizations, such as 
the Radio Corporation of America, Federal Telephone 
and Radio Corporation, and others, even before the 
plans for the production of these units outside of the 
laboratory were completely formulated. 
The successful prosecution of the program resulted in 

the development of a series of signal generators covering 
the frequency range from 90 to 10,000 megacycles. 
Because much of the war work at this and other labora-

• Decimal classification: R355.913.2. Original manuscript received 
by the Institute, June 25, 1946; revised manuscript received, Sep-
tember 9, 1946. 

f Naval Research Laboratory, Washington, D. C. 

tories involved development of pulse radar equipment, 
these signal generators were designed to provide either 
continuous-wave or pulsed output with radio-frequency 
pulses of known amplitude and of adjustable duration. 
It is the purpose of this paper to give a general pic-

ture of this development by brief descriptions of the 
design, performance, and limitations of the different 
models of this series and to point out features which 
should be considered for future designs. 

FREQUENCY RANGES OF MODELS 

The work on the signal generators began with the de-
sign of oscillators which would cover the desired fre-

TABLE I 

Frequency 
Range 

(megacycles) 

Radio-
Frequency-
Oscillator 
Tube Type 

Laboratory 
and 

Production 
Model 

Designation 

Remarks 

90 to 600 

SOO to 1350 

1200 to 4000 

3700 to 9700 
2000 to 3800 

9200 to 9700 

446(2C40)  E (LAF)  Continous wave; pulse; external am-
plitude modulation 

444(2C40)  A (LAE)  Continuous wave; pulse; external 
amplitude modulation 

707B(2K28)  D (LAG) Continuous wave; pulse; internal 
frequency modulation; wavemeter 

1289CT(BTL)  F (—)  Continuous wave; pulse; wavemeter 
446(2C40)  B (—)  Continuous wave; pulse; external 

amplitude modulation; wavemeter 
723A/B  G (—)  Continuous wave; pulse; internal 

frequency modulation; wavemeter 

quency range. The ranges of the resulting units were not 
arrived at arbitrarily but rather evolved as a function 
of tube and circuit limitations. Table I shows the fre-

quency ranges and the types of high-frequency tubes 
used in the signal generators. 

Fig. 1—The Navy-type signal generators. Left to right: LAF (90 to 
600 megacycles), LAE (500 to 1350 megacycles), and LAG (1200 
to 4000 megacycles). 

OSCILLATOR CIRCUIT DESIGN 

Figs. 1 and 2 show the external appearance of some 
of the units. In addition to a tunable radio-frequency 
oscillator provided with an output monitor and attenua-
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tor, the signal-generator circuits comprise the following: 
the power supply, level-control, pulse-forming, and syn-
chronizing circuits, frequency-modulation and phasing 
circuits, and a frequency meter. The requirement of 
pulse modulation made it desirable to use radio-fre-
quency circuits having a minimum of capacitance. 

Fig. 2—The laboratory models of signal generators. Left to right: 
NRL Type B (2000 to 3800 megacycles), NRL Type F (3700 to 
9700 megacycles), and the NRL Type G (9200 to 9700 mega-
cycles). 

Therefore, a general type of transmission-line circuit 
tuned by sliding shorting pistons was chosen. The elec-
trical limitations of the tubes and their mechanical de-
sign governed the choice of circuit arrangement most 
suitable for a particular frequency range. 

• , 
- 

Fig. 3—The oscillator compartment of the type E (model LAF) 
showing the rotor, the frequency drive, the attenuator drive, and 
the position cf the stationary shorting bar. 

For the lowest-frequency generator where the light-
house tube is used, a parallel-line oscillator was designed 
with lines formed into portions of a circle, since straight 
concentric lines would have been too cumbersome. As 
shown in Fig. 3, the plate and cathode lines are mounted 
on opposite sides which can be rotated by the frequency 
dial. 

To cover the range from 500 to 4000 megacycles, con-
centric-line oscillators are used, and these are of several 
kinds. The lower-frequency unit, illustrated schemati-
cally in Fig. 4, covers a range of from 500 to 1300 
megacycles and uses the lighthouse tube mounted in a 

ATTENUATE. --' 

Fig. 4—A schematic drawing of the oscillator and attenuator assem-
bly for the LAE model. 

circuit in which the cathode cavity is "folded" back 
over the plate cavity, thus permitting both of the short-
ing pistons to move in the same direction and to be 
easily ganged. Both pistons operate in the one-quarter-
wave mode and the ca'pacitative feedback between plate 
and cathode cavities is accomplished by means of a 

LO UT U 

PLATE CHOKE 

PLATE CA W, 

AT II MuATOR 

L BHT/TOT/SE TUBE 
FEEDBACK 

CATNODE CAviTT 

---- T./C W*4 NR  TO NONITOTT 

Fig. 5—A schematic drawing of the oscillator and attenuator assem-
bly for the NRL type-B signal generator, 

screw. This circuit is used in the Naval Research Lab-
oratory type-A and the Navy type-LAE signal genera-
tors. 

Another concentric-line lighthouse-tube oscillator 
used in the Naval Research Laboratory type-B signal 

TWOS 
PISTON -, 

7-8,/ PASS 

... 

ATTENUATOR — 

Fig. 6—The oscillator and attenuator assembly of the 
LAG signal generator. 

TWA/ASTON 

CAVTTY 

n miasma' 

generator covers the range of 2000 to 3800 megacycles. 
This circuit is illustrated in Fig. 5. The plate-grid line 
operating in the 7/4X mode and the cathode line in the 
5/4X mode are arranged on opposite sides of the grid 
plane separating the two circuits. A feedback loop, is 
provided which is tied directly to the tube end of the 

1 
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cathode line and forms a small loop on the plate side 
of the grid-separation plane. The use of this feedback 
arrangement makes possible the operation over a very 
wide frequency range without readjustment of the feed-

back. 
A third type of concentric-line oscillator is illustrated 

in Fig. 6. The Naval Research Laboratory type-D and 
the Navy type-LAG signal generators use this type of 
circuit involving a single coaxial cavity tunable with a 
shorting piston. This circuit makes it possible for the 
707B reflex klystron to cover from 1200 to 4000 mega-
cycles. This oscillator also has a specially designed ring 
cavity which extends the main cavity outward, making 
it possible to couple conveniently the attenuator, the 
output monitor unit, and the wavemeter to the main 
oscillator circuit. 

W I— 

II 
-  ..... ... 

P rite11111 . 1 

ASTONS  T E -.5,...s 
TNEINISTOR 

uB 

IMEMETER 
COURLAW 

ATTENuATOR 
OUTPUT ADJUSTMENT 

mooNTOR ADJUSTMENT 

AT TENUATOR  MOvEMENT 

(a)  (b) 
Fig. 7—(a) The oscillator cavity and the attenuator arrangement in 
the NRL type-F signal generator, showing the cavity-tuning 
mechanism and the attenuator monitor adjustment. (b) End 
view of the type-F oscillator cavity showing the position of the 
1289 tube. 

For the frequencies beyond the 10-centimeter range, 
a wave-guide-type cavity is used. The Naval Research 
Laboratory type-F signal generator uses such a cavity 
containing a 1289CT(BTL) tube, which is a magneti-
cally focused three-gap klystron designed for use with 
an external cavity. Fig. 7(a) and (b) give a cross-sec-
tional view of this tube and the cavity. The cavity de-
sign is unusual in that it changes width as well as length 
as the single frequency dial is turned. By means of this 
"two-way stretch" feature, it is possible to eliminate 
frequency "holes" due to conflicting modes, so that the 
oscillator covers a frequency range from 3800 to 9700 
megacycles without hiatus. 
The type-G signal generator uses the wave-guide type 

of cavity and is designed to cover the narrow frequency 
band around 9500 megacycles. This generator uses a 
723A/B tube, which is coupled to an external wave-
guide cavity tuned to resonance, thus making available 
high magnetic fields for coupling to the usual type of 
attenuator. This generator covers only the range of the 
723A/B tube (approximately 500 megacycles centered 
about 9700 megacycles). Figs. 8 and 9 illustrate the 

wave-guide cavity and the control mechanisms for this 
generator. 
The oscillator circuit consists of a section of wave 

guide terminated by a thermistor-type monitor at one 
end and by a tuning piston at the other. The 723A/B 
oscillator is coupled to this cavity through a probe, and 

70 % TUBE --

ATTENUATOR 
TR W GUICe -- VAXMLIIRI UNIT —••    

.F9  OSCLLAT1:61 T UBE 
TUNING SCREW Doi 

CARTY TuNiNG  STON  • 
OSCILLATOR WAVE 
GUIDE COUPLING 

T NERMISTOR 
MONITOR 

Fig. 8—The type-G oscillator assembly showing the relative positions 
of the 723A/B tube, the monitor, the attenuator coupling orifice, 
and of the cavity-tuning piston.  " 

the coupling can be adjusted externally by moving the 
tube with respect to the wave guide. The attenuator is 
of the usual wave-guide type, the movable output loop 
coupling directly to the field within the oscillating cav-
ity. Fig. 9 shows the general arrangement of the com-
ponents within the radio-frequency shielding compart-
ment and the controls brought out to the front panel: 
the wave-guide tuning control, the coupling adjustment, 
the attenuator, and the tuning mechanism for the 
723A/B tube.' 

Fig. 9—The top view of the type-G oscillator chassis (with cover re-
moved from the shielded compartment), showing the tuning 
mechanisms for the 723A/B tube and for the cavity, the coupling 
and attenuator controls, and the monitor meter and repeller po-
tentiometer mounted on the front panel. 

ATTENUATORS 

The attenuators used on all of these signal generators 
are the mutual-inductance, cylindrical-wave-guide type .2 
The diameter d selected is such that the cylinder is well 

1 In addition to the generator using the 723A/B tube, two units 
were built following the general design of the type-G generator but 
using oscillator tubes covering other frequency bands. 

2 E. G. Linder, "Attenuation of electromagnetic fields in pipes 
smaller than the critical size," PROC. I.R.E., vol. 30, p. 556; Decem-
ber, 1942. 
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below cutoff at the frequency range used in order to 
minimize the frequency correction in the attenuator 
calibration. In each case the attenuator consists of a 
cylindrical chamber in which a pickup loop connected 
to a coaxial line can be moved. This loop is made to 
couple directly to the magnetic field of the resonant 
cavity of the oscillator in order to obtain the highest 

SYNC OU 

EXT. MOO 

tor loop is coupled through the unit which shorts the 
lines, thus always coupling at a point of maximum cur-
rent. In the concentric-line lighthouse-tube oscillators, 
the attenuator loop couples inductively to a "probe" 
which in turn is coupled to the oscillator cavity. In the 
500- to 1300-megacycle unit this probe is conductively 
coupled to the main oscillator circuit and thus forms an 
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Fig. 10—A circuit schematic for the type-LAE signal generator showing the radio-

output within the linear portion of the attenuator. The 
movement of the attenuator is accomplished by means 
of a threaded section which moves the loop in the 
cylindrical wave guide. The position of the loop in the 
wave guide determines the amount of attenuation pres-
ent. Theoretically, for the H mode, the attenuation in 
decibels is given by the formula: 

f  2 

a 32 —1,1/1 — (L--) 
d  f. 

where f is the operating frequency, f,= (1.84/d)3 X101° 
is the cutoff frequency, d is the diameter of the attenuat-
ing wave guide, and is is the displacement of the loop. 
The position of the loop is recorded on a counter. The 
threads on the attenuator and the gears on the counter 
were selected so as to make the counter numbers indi-
cate decibels below a given level. These attenuators can 
be set to one-tenth of a decibel. 
In the case of the parallel-line oscillator, the attenua-

integral part of it. In order to make the plate and cath-
ode circuits track, a compensating circuit in the form of 
a "scroll" is connected between the plate and grid con-
ductors, as shown in Fig. 4. Because this circuit is similar 
electrically to the probe circuit, its effect on the plate-
line tuning is the same as the effect of the probe on the 
cathode line. This makes it possible to have the two 
circuits tratk over the entire frequency range. In the 
2000- to 4000-megacycle unit the probe is coupled capaci-
tively in the plate line, and since the plate and cathode 
circuits are tuned independently, no compensating cir-
cuit is used in the cathode line. 
For the oscillators using the 707B reflex klystron, the 

attenuator couples to the ring-shaped cavity which is 
an integral part of the main circuit, as was shown in 
Fig. 6. This serves to provide a region of high current 
density in the region of attenuator coupling. The cavity 
ring also makes it possible to separate the attenuator 
dial from other dials on the front panel. 



( 1947  Haeff, Hanley, and Smith: Wide Range U.H.F. Signal Generators  1141 

INTERNAL IMPEDANCE OF THE SIGNAL GENERATOR 

In order that the signal generator shall present a con-
stant impedance over the frequency range, the attenua-
tor loop is made to have a minimum of inductance, and 
a 50-ohm resistor at the loop is used to terminate the 
50-ohm coaxial output cable. These resistors are i-watt 
carbon resistors made by the Erie Resistor Corporation 
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in the radio-frequency field of the oscillator and con-
nected in a resistance bridge with the output meter 
across the bridge so as to indicate the unbalance when 
the resistance of the thermistor changes. The unbalance 
current is very nearly proportional to the radio-fre-
quency power. A typical monitor circuit is shown in 

Fig. 10. 

OSCILLATOR 

lc24 

. L5 
L7 

L 

C25  C27 1 

vi 0 
JAN.440A ,000 

4 32.0 12.3 ,  

2=C 23 

1.2  HI 

L_ 

C30 

La 
..„ 1 0 1  

BOtO utTER 

— 1 C28 

C29 

—r .18 
PO 

R 30 44-.  O UTPUT 

P35  536 
23000 " 

P. r. ru_its - 21 

533 
aoo " 

T O ALL HEATERS 
EXCEPT V9 

frequency oscillator, the filter, the pulser, the monitor, and the power-supply circuits. 

and have inductive reactance low compared to 50 ohms 

up to frequencies of 1200 megacycles. The signal gen-
erators above 1200 megacycles, in addition to a termi-
nating resistor, use a special lossy output cable having 
between 6 and 8 decibels of loss at the higher frequency. 
At the lower frequencies the loss is considerably less, 
but then the resistor provides good termination. In all 
cases the voltage-standing-wave ratio proves to be bet-

ter than 1.2 to 1, as measured by feeding a signal into 
the signal generator from an external source. 

OUTPUT MONITOR 

In order that the signal generator give a known out-

put, it is necessary to provide a monitor and means for 
adjusting the output level. In all of these generators the 
monitor is located near the point of coupling of the at-

tenuator-output loop, so that the variation in the moni-
tor-meter reading accurately corresponds to output-level 
variation. The monitor consists of a thermistor placed 

5 31 
tro . 

BOLO UETER 

a327.,  532 
170 " 

POWER LEVEL MONITOR 

OUTPUT-LEVEL CONTROL 

To set the output level to its normal value as indi-
cated by the monitor, it is necessary to have some con-
trol over the radio-frequency energy delivered by the 
oscillator. In generators using the lighthouse-tube tri-
odes, the plate voltage is made manually adjustable in 
order to obtain the desired output. A 6AG7 in a cathode-
follower arrangement is used as shown in Fig. 10. This 

arrangement combines ease in adjusting output level 
and permits good voltage regulation.' In order to control 
the output of the 707B klystron, the voltage which is 
applied to the grid is varied. This voltage is controlled 
by the same type of cathode-follower arrangement as is 
used in the lighthouse-tube circuits. 
In the type-F signal generator, which uses the 1289 

tube, the output is varied by a double-attenuator ar-

The use of the cathode-follower arrangement for this application 
was first suggested by F. II Harris of the Naval Research Labora-
tory. 
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rangement. The monitor element and the output at-
tenuator can be moved together in a section of cy-
lindrical guide which is below cutoff so as to change 
the coupling between the oscillator and the moni-
tor and thus set the level. Then the output attenua-
tor is moved with respect to the monitor element. This 
system has the advantage that the output can be varied 
without the necessity of changing the voltages on the 
oscillator. This arrangement is illustrated in Fig. 7(a). 
In the type-G signal generator, which uses the 723A/B 

tube, the output is varied by varying the coupling of the 
oscillator tube to the auxiliary resonant circuit, as 
shown in Fig. 8. The last two methods make it possible 
to vary the output reference level without varying any 
of the voltages on the oscillator tube, which has a con-
siderable advantage since optimum operating voltages 
can be used at all times. 

FREQUENCY CALIBRATION 

The low-frequency generators (up to 1350 mega-
cycles) have stable oscillator circuits and have the fre-
quency indicated directly by the position of the cali-
brated tuning dial. In the signal generators above 1350 
megacycles, special wavemeters are provided which 
form an integral part of the generator. These wave-
meters make possible a more accurate setting of the 
generator frequency, and also make it possible to change 
tubes without recalibration of the frequency dial. The 
wavemeters also provide a continuous monitoring of the 
frequency. In the case of the LAG, type-D, and type-B 
signal generators, the wavemeter is an accurately tun-
able quarter-wave coaxial-line section loosely coupled 
to the oscillator cavity. In the type-G signal generator, 
the 723A/B tube is coupled into an auxiliary circuit 
tuned to resonance by means of a piston, and this auxil-
iary circuit serves as a wavemeter. Resonance for all 
of the wavemeters is indicated by a meter on the front 
panel which reads current rectified by a 1N21 crystal. 
For the LAG, type-D, and type-B signal generators, the 
wavemeter calibration is accurate to about 2 mega-
cycles, and frequencies as close as one-tenth megacycle 
can be distinguished. 

SHIELDING 

The shielding of the signal generator is a requirement 
which becomes increasingly more stringent when meas-
urements on sensitive receivers are contemplated. The 
method used on all of the Naval Research Laboratory 
signal generators is to include the oscillator in a tight 
metal compartment which, together with the pulser and 
power supply, fits into the outer metal cabinet. In all 
cases, the oscillator proper is also shielded, since at these 
frequencies the oscillator itself is self-contained so that 
the radio-frequency fields are confined within the metal 
enclosures. Also, in the case of the generators using cavi-
ties, the leads entering the oscillator have choke-capaci-
tance-type filters in them. The shielding box into which 
the oscillator is placed is closed on all sides except the 

front, with all seams welded and soldered. The radii 
frequency section is usually suspended on a subpanel 
which slips into the front of the shield can and is held 
in place by screws. 

PULSER DESIGN 

Since these signal generators were primarily designed 
to check the performance of radar receivers, it was nec-
essary to develop a versatile pulsing unit in order to 
simulate radar signals. The Naval Research Laboratory 
generators all provide pulsers which permit independent 
control of repetition rate, pulse delay, pulse length and 
synchronization of or by external devices. A typical 
pulser circuit is illustrated in Fig. 10. In these units an 
884 gas tube is used in a relaxation circuit to provide 
original pulses at a repetition rate which is adjustable 
between 30 and 3000 pulses per second with a single 
control. 

A 6SN7 tube in a multivibrator circuit provides the 
delay which makes it possible to delay the radio-fre-
quency pulse with reference to the triggering pulse and 
thus to position the pulse on the viewing scope at any 
point between 2 microseconds and 3000 microseconds 
after the trace has been keyed. This delay tube in turn 
keys the pulse-length-determining circuit, which in most 
cases is a multivibrator. 

After a suitable video pulse has been obtained, there 
still is the problem of applying the pulse to the radio-
frequency oscillator in such a manner that its pulse 
output can be calibrated. Since the average radio-fre-
quency energy obtained from the pulsed oscillator is 
usually too small to calibrate accurately by direct meas-
urement of power, a system of pulsing was chosen 
whereby the signal generator can be calibrated on con-
tinous waves, and when the switch is thrown to pulse, 
the pulse power rises to this continuous-wave level. Such 
an arrangement is shown in Fig. 10. In the generators 
using the lighthouse tube, when the switch is in the pulse 
position the oscillator is biased off except when the pulse 
is applied. The bias is obtained by drawing heavy cur-
rent from the tube V4, the cathode of which is connected 
to the cathode of the oscillator tube. When a negative 
pulse is applied to the grid of the bias tube V4 the cath-
ode of the oscillator tube assumes the potential which 
would be attained under the unmodulated continuous-
wave condition. 

This method of pulsing has the advantage of requiring 
only a negative pulse of relatively low amplitude, the 
shape of the pulse on top being unimportant as long as 
the amplitude is sufficient to cut off the bias tube (V4). 
Thus, regardless of the length of the pulse, the oscillator 
output reaches the value equal to the continuous-wave 
value, which can be calibrated directly by power meas-
urement. 

Since the impedance of the cathode-bias resistor is of 
the order of 200 ohms, it is relatively easy to generate 
video pulses with short rise and decay time, even when 
the lead from bias tube to the cathode of the oscillator 
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tube has to pass through a high-capacitance radio-fre-
quency filter. Thus the limit to the "squareness" of the 
pulse is usually imposed by the starting time of the 
oscillator itself, rather than by the applied video pulse. 
In order to pulse the generators using the 707 and the 

1289 klystron tubes, the bias tube is placed in series 
with their cathodes, and this bias tube, which is normally 
biased off, is pulsed on. In the case of the 723A/B, the 
repeller of the klystron is pulsed from a nonoscillating 
bias to a voltage corresponding to an oscillating mode. 
A diode is used as a clipper to maintain the proper am-
plitude for the pulse. 

ODULATION 

In addition to pulse modulation, the LAG and the 
type-D and type-G signal generators have built into 

Fig. 11—The "unmodulated" radio-frequency pulse 
(rectified). 

them provisions for frequency modulation by applying 
a 60-cycle voltage to the repeller of the klystron. This 
gives about 8 megacycles of frequency modulation. A 
phasing circuit is also included which makes it possible 
to phase the frequency-modulation pattern as viewed 
on the oscilloscope. 

Fig. 12  1 he rwlif, Ii quency pulse modulated with a high-
frequency sine wave. 

All of the signal generators using the lighthouse tube 
have provisions for external modulation on the plate. 
This makes it possible to superimpose other types of 
modulation in addition to the pulse modulation. Fig. 11 
shows an example of just the pulse modulation. Fig. 12 
gives the pulse with a high-frequency sine wave super-
imposed. This frequency is high with respect to the 
repetition rate. Fig. 13 gives a series of pulses with 

low-frequency sine wave superimposed, thus giving 
amplitude-modulated square pulses. External modula-
tion at frequencies up to 0.1 to 0.5 megacycle is quite 
effective in most of the units described. 

Fig. 13—The radio-frequency pulse modulated in amplitude at a fre-
quency low compared to the pulse-repetition rate. 

CONCLUSION 

The signal generators described in this paper have 
proved quite useful for laboratory and field measure-
ments. In addition, experience gained in their design and 
use served to point the way to better equipments. One 
improvement would be a single and direct-reading fre-
quency control. Another desirable feature would be a 
smaller and lighter unit through the use of miniature 
components. The pulsing circuits could be improved to 
make synchronization more stable by eliminating the 
gas tube and providing shorter and sharper pulses by 
the use of multivibrator circuits. Improvements such as 
these will be incorporated in the signal generators of the 
near future. A more fundamental improvement would 
be the development of a method for direct calibration of 

pulsed output. 
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Center-Frequency-Stabilized Frequency-
Modulation System* 

E. M. OSTLUNDt, SENIOR MEMBER, ER.E., A. R. VALLARINOt, ASSOCIATE, I.R.E., 
AND MARTIN SILVERt, ASSOCIATE, I.R.E. 

Summary —A system comparing the phase between two fre-
quencies in a balanced phase detector utilizes the output to maintain 

synchronization between two oscillators. The phase detector operates 
between ±90 degrees. 

By dividing the frequency of a frequency-modulated oscillator, 

the frequency swing is reduced to less than ±24 degrees. The mean 
divided modulated oscillation is compared in the phase detector to 

the same frequency obtained by dividing the frequency of a crystal 
oscillator. The correction voltage resulting from a change in phase 

between the two oscillators changes the capacitance injected into 
the tank of the modulated oscillator, and thus maintains synchroni-
zation. 

A modulator utilizing the linear relationship between the input 
capacitance and the transconductance of a vacuum-tube amplifier is 
used to control the total capacitance of the frequency-determining 
circuit of a master oscillator. Part of the output of the master oscilla-
tor is multiplied in frequency and power to produce the transmitter 
output, and part goes to a frequency divider having a ratio of 1 to 

256. This practically eliminates the frequency swing resulting from 
modulation and permits the output frequency to be synchronized 

with that of a similarly frequency-divided crystal oscillator. Any shift 
in phase between these two synchronized frequencies produces a 

correcting voltage which is applied to the modulator of the master 
oscillator. This correcting voltage acts to maintain the synchroniza-
tion of the two divided frequencies. 

1. MODULATOR 

VARIATION of the effective capacitance of the 

modulator-tube grid circuit is reflected across the 

master-oscillator tank circuit, as shown in Fig. 1. 

This capacitive change is proportional to the total bias 

voltage on the 6AB7 modulator-tube grid which is the 

su m of the progra m audio-frequency input and the cen-

ter-frequency-stabilizing phase-detector  output volt-

ages. Thus the modulator not only converts the audio-

frequency voltage into the desired frequency variations, 

but also acts in conjunction with the center-frequency-

stabilizing system to maintain the mean carrier fre-

quency in exact coincidence with that of a temperature-
controlled crystal. 

The linear relationship between the input capacitance 

and the transconductance of a vacuu m-tube amplifier is 

used to swing the frequency of a Hartley oscillator. Op-

erating the modulator in the region of linear transcon-

ductance and applying a modulating signal to its control 

grid results in an input capacitance applied to the oscil-

lator which is directly proportional to the amplitude of 
the modulating signal. 

To a first approximation, and for a qualitative discus-
sion of the mechanism of action of the modulator, it can 

• Decimal classification: R630. Original manuscript received by 
the Institute, August 2, 1946; revised manuscript received, Novem-
ber 15, 1946. 
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be shown that the input capacitance of the vacuu m tube 

is given by 

where 

I2J5 

Cin = C0 (1  g„,RL), 

Gin= input capacitance 

C'09 =grid-plate capacitance 
gm= transconductance 
RL =load impedance at resonance. 

OSCILLATOR 

AUDIO 
FREQUENCY 
INPUT 

6A87 

MODULATOR 
-Z.-. 

(1) 

Fig. 1—The grid-cathode capacitance of the modulator tube is a 
function of the input audio-frequency voltage. The variations in 
this capacitance cause the frequency of the grounded-plate Hart-
ley oscillator to change, thus producing frequency modulation. 

As  the  frequency  of  oscillation  is  approxi mately 

coo =1/(LC)"2, the differential of frequency for an incre-

ment of capacitance is 

= (11w )LIC 
(IC 

—1 
 AC 
2L'oCin 

— coo 
AC 

2C 

where 

(2) 

co =27r times frequency of oscillation 

differential of frequency 

AC= increment of capacitance 

L= inductance 
C= capacitance 

coo =1/(LC) m. 

This shows that the frequency swing is directly pro-

portional to the change in injected capacitance, and in-

versely proportional to the fixed tank capacitance C. 

To obtain a fixed frequency swing for a given change in 

input capacitance, over the range of oscillator capaci-

tance required to cover the transmitting frequency band 

an adjustable capacitance C. couples the modulator to 
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the oscillator. To reduce the radio-frequency signal on 
the modulator grid, the capacitance is injected across 
only a portion of the tank inductance. 

2. CENTER-FREQUENCY STABILIZATION 

The center-frequency-stabilization system is based on 
the automatic synchronizatiOn of two oscillators, a crys-
tal oscillator and a frequency-modulated master oscilla-
tor. The outputs of the crystal oscillator and of the fre-
quency-modulated master oscillator are passed through 
separate frequency dividers and combined in a balanced 
phase detector. The rectified integrated difference out-
put actuates the modulator so as to pull-in and lock the 
master oscillator mean frequency to that of the crystal 
oscillator. This arrangement is shown in Fig. 2. 

MASTER 

OSCILLATOR 

AUDIO -FREQUENCY  INPUT 

t 

FREQUENCY 

DIVIDER 

MODULATOR 

10 -CYCLE 
LOW -PASS 
'  FILTER 

BALANCED 
PHASE 

DETECTOR 

CRYSTAL 1 

OSCILLATOR ' 

FREQUENCY 
DIVIDER 

Fig. 2—Schematic diagram of the center-frequency-
stabilized modulation system. 

If synchronization of the two frequencies is assumed, 
the output of the balanced phase detector depends on 
their relative phase. Any attempt of the mean frequency 
of the master oscillator to drift from the crystal fre-
quency results in an instantaneous change of the phase 
difference of the two oscillations and a corresponding 
variation in the rectified output of the phase detector, 
which will act on the modulator to increase or decrease 
the total master-oscillator tank capacitance and main-
tain synchronization. 
If synchronization of the two frequencies is not as-

sumed, the output of the detector is the beat difference 
between the frequency-divided crystal oscillation and 
the frequency-divided modulated master oscillation. 
This beat frequency, acting on the modulator, swings 
the carrier frequency of the master oscillator at a rate 
equal to the beat frequency and with a deviation propor-
tional to the amplitude of the beat. If the deviation is 
sufficiently large and the beat rate sufficiently low, the 
instantaneous frequency of the modulated oscillator will 
be in near-synchronization with the crystal oscillation 

for a sufficient number of oscillation cycles for synchro-
nization to occur and be maintained. Thereafter, the 
condition described in the preceding paragraph is effec-
tive. 
It would not be possible to synchronize a frequency-

modulated oscillator with a crystal oscillator at the car-
rier frequency because under modulation the carrier-
frequency-component amplitude passes through in-
numerable conditions of zero amplitude. But if free-
quency division is performed, the effect is to reduce the 
frequency swing (modulation index) to an extent where 
the reduction of carrier-frequency-component amplitude 
is very small. If, for example, a maximum swing of 3 
kilocycles occurs at an oscillator .center frequency of 4 
megacycles, a frequency division of 256 will reduce the 
maximum swing to 3000/256 =12 cycles. Considering 
an audio frequency of 30 cycles, the maximum modula-
tion index is 12/30 =0.4 radians %---- 24 degrees. This index 
reduces the carrier to 0.96 of its unmodulated value, giv-
ing an essentially constant carrier for synchronization. 
The crystal-oscillator frequency is also divided to cor-
respond to the divided frequency of the master oscillator. 
Frequency division is accomplished through untuned 

multivibrator circuits which depend mainly on resistive 
and capacitive components for both critical and non-
critical functions. This results in stable operation over 
long periods of time as well as extreme ease in initial 
alignment and a minimum of operational maintenance. 
The use of a balanced phase detector imposes the 

condition that the instantaneous phase variation at the 
detector must not exceed ±90 degrees as this is the max-
imum range over which the detector operates as a phase-
control device. Frequency division reduces the phase 
variation due to modulation to less than 24 degrees and 
operation is always within the control of the phase de-
tector when the system is under synchronization. As a 
matter of fact, continuous modulation exceeding 200 per 
cent may be used without losing control. 
The output circuit of the phase detector is essentially 

an integrator and low-pass 10-cycle filter; it responds 
only to slow mean frequency drifts and removes the 
residual modulation. A meter is provided to give con-
tinuous check of the phase relations between the crystal 
and master-oscillator frequencies. 

3. BALANCED PHASE DETECTOR 

Under conditions of synchronization the output volt-
age of the balanced phase detector, shown in Fig. 3, is 
given by 

17,,,, = I Vc. I — I Vet, I 

= 1.414Voc[(1 -I- cos Ow — (1 — cos 6)'12I  (3) 

where 5 is the phase angle between the frequency-di-
vided master-oscillator input and the frequency-divided 
crystal input. This is shown in Fig. 4. The output volt-
age is plotted against Sin Fig. 5. 
The physical picture of the action of the balanced 

I 
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CRYSTAL 

DIVIDED - 
FREQUENCY 
INPUT 

n MASTER - OSCILLATOR 
DIVIDED-FREQUENCY 

INPUT 

OUTPUT 
VOLTAGE 
TO 

MODULATOR 

Fig. 3—Balanced phase detector. If the synchronized crystal and 
master-oscillator frequencies, after divisicn, are CO degrees out of 
phase, the output voltage to the modulator will be zero. 

phase detector may be considered as the action' of two 
peak-reading diode detector circuits whose outputs are 
combined in opposition. Vea is the peak voltage acting 
on the upper diode and Vet, is the peak voltage acting on 
the lower diode. The time constants of the output net-
work R1C2 and R2C2 are high enough to prevent any 
appreciable decay in the peak voltage during the time 
when the diode is not conducting. If a 90-degree phase 
relation between the two identical frequencies is as-
sumed, I Veal is equal to I Vaal and their difference gives 
zero output voltage. This is the normal operating con-
dition. 

AUDIO 
FREQUENCY 
0   
,NPUT 

MODULATOR UNIT 
AUDIO  PRE-  r_ 
FREouENcy EMPHASIS  'REACTANCE  MASTER 

vch VOC 

0  vao 

Fig. 4—Vector diagram of balanced phase detector. 

OUTPUT VOLTAG
E 

PHASE ANGLE 8 

Vca 

Fig. 5—Response characteristic of the balanced phase detector. 

Any attempt at slow drift of the master-oscillator fre-
quency will shift the phase in a direction to give a cor-
recting output voltage to the modulator. This voltage 
will change the injected capacitance to the master oscil-
lator so that the total capacitance and the frequency 
will remain constant. Therefore, operation may occur 

TRANSFORMER NETWORK MODULATOR OSCILLATOR BUFFER 

RADIO -FREQUENCY OUTPUT 6A07  12J5  6A87 
  1 

12SN7GT 

BUFFER 

6AB7 I2SN7GT 

BUFFER 

!Ma 

3 66-4 5Mc 163-2 25Mc  0 915-1 I26MC 

CRYSTAL 
OSCILLATOR   

i2SN7GT  eSN7GT 

BUFFER 

12SJ7 

14 4-14013KC  572 10.4 KG 

2   

-w-I2SN7GT 

..-0.•-112SN7GT 

14 3-176 KC 

BUFFER 

12SJ7 -0.12S1417GT 

BUFFER 4   

64%87  .0.12SN7GT 

4576-563.2 KC  2218-281.6 KC 

BUFFER  

12SJ7 

1. 
4 

.4..12SN7GT 

572 -70 4 KC  143176 KC 

BUFFER 

I2SN7GT 

LOW - PASS FILTER 

LOW -PASS 
D1SCRPIMHAINSAETOR 

I  LOW-PASS 
FILTER  

I2H6 

Fig. 6—Schematic diagram of the i modulator and center-frequency sta bilizat ion  system.  The  frequency  notations  for  the  various  
stages are the limits for operation n the 88- to 108-megacycle band assigned to frequency-mo dulat ion  broa dcast ing  in the 
United States. The radio-frequency output from the modulator is multiplied 24 times to produce power in that band. 
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I
at any point within the region of control of the S curve 
and the system will be in synchronization. Similarly, 
should there be a modification in any parameter of the 
, oscillator circuit which would normally cause a change 
tin frequency, the phase will shift to compensate for the 
parameter variation and the frequency will remain con-

!, stant. 
; It has been previously noted that the phase swing re-
* suiting from normal modulation is well within the limits 
 ̂of control of the balanced phase detector. As the lowest 
modulating frequency is 30 cycles, the 10-cycle low-pass 

i filter following the detector removes residual modula-
tion. 

4. OVER-ALL PERFORMANCE 

Fig. 6 is a schematic arrangement for the modulator 
and center-frequency-stabilization system. Figs. 7 and 
8 are front and rear views of the modulator unit. A com-
plete 1-kilowatt transmitter is shown in Fig. 9. The ra-
dio-frequency output from the modulator unit is 
frequency multiplied 24 times to produce power in the 
frequency-modulation band from 88 to 108 megacycles. 

• 

• 

Fig. 7—Federal 1-kilowatt frequency-modulated transmitter. In the 
upper left is the frequency multiplier and driver stage; next below 
is the modulator and center-frequency stabilizer. The two lower 
panels are for the regulated power supply, controls, and con-
tactors. In the lower right is the high-voltage power supply. Above 
it is the power output stage and the bazooka coupler to the an-
tenna transmission line. 

In operation the unmodulated frequency is firmly syn-
chronized with the crystal frequency. The divided mas-
ter-oscillator frequency will pull into synchronization 
with the divided crystal frequency over a range of ±50 
kilocycles about the carrier frequency. A carrier-to-
crystal-frequency phase-comparison meter is included. 
Audio-frequency distortion at full frequency devia-

tion of 75 kilocycles is only 0.5 per cent. The frequency-
modulation noise is 75 decibels below 100 per cent mod-
ulation and the amplitude-modulated noise is 60 decibels 
below the carrier level. Normal operation of the trans-
mitter is unaffected by disabling of the center-frequency 
control system. This permits uninterrupted emergency 
operation under such conditions. 

5. APPENDIX 

One of the functions of the modulator is precisely and 

continuously to keep all oscillator influences balanced 
so that the mean frequency does not change or, in more 
general terms, so that the total frequency drift is zero. 
If synchronization is assumed, the center-frequency-

stabilization system can be considered as a linear, con-

Fig. 8—Center-frequency-stabilized frequency-modulation unit, 
front view. The master oscillator, modulator, and buffer are 
mounted in the cabinet in the upper center of the equipment. 
The phase-comparison meter is in the right corner. The two 
rows of tubes are frequency dividers. 

tinuously operating, zeroing type of control mechanism 
that corrects for any change in the frequency-determin-
ing capacitance of the oscillator resulting from any in-
side influence. 

Fig. 9—Center-frequency-stabilized frequency-
modulation unit, rear view. 

In examining the mathematical basis for the control 

action, 
let x =change in tank capacitance due to any inside in-

fluence 
y = voltage output of phase detector 
Osy = injected capacitance due to action of phase detec-

tor-modulator 
01= conversion coefficient of capacitance to phase at 

the oscillator 
Os =conversion coefficient of phase to voltage at phase 

detector 
0.= conversion coefficient of voltage to capacitance at 

oscillator 
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reference phase of crystal oscillator 
01= phase of oscillator output 
0 =01 02 03. 
In Fig. 10 the time rate of change of the output volt-

age y of the phase detector is proportional to the phase 
deviation at the detector. The output voltage of the 
phase detector is given by an expression having a tran-
sient term v = Ve t. The time derivative is given by 
dv/dt= -Vae-ag, i.e., it is proportional to the maximum 
impressed voltage V. As the maximum voltage V is di-
rectly proportional to the maximum phase deviation, 
the above statement follows directly and gives 

S' = 02* - 00) 

01(x - 00) 

= 0102(x - 02y) - 002 

+ 010202y = 0102x - 024.0 

ey = 0100x - 0200. 

Under the assumption that the coefficients 01, 02, and 
0, are constants, and considering the changes in the pa-
rameter x of the oscillatory circuit to take place at a slow 
drift rate, the solution for the quasi-stationary state can 
be considered the same as that for x =constant. Under 
these general assumptions the solution evidently is 

y = Orlx  Ae-s" - 0-'00 (4) 

where A is an arbitrary constant of integration. Observe 
that under the special conditions of operation, where at 
times 1=0, x=0, y= -0-'02, then A=0 and y would 
remain at a value corresponding to x thereafter. Actu-
ally, this condition is not met, and so the effect of the 
transient term Ae-4" must be examined. There are two 
cases to consider when A 00. 

d( 1' -41  at) 0 at 
dC 

01 — 

02 = 

02 - 

dC 

dV  d( f ° chk) 
0 ad,  

Iq5  d4) 

= (1)o — 4)1 

d v dv (f ) dC  0 av 

dV  dV 

[Fig. 11(a)]  (5) 

[Fig. 1 I (b)]  (6) 

[Fig. 11(c)]  (7) 

where C, V, and 4) can all be functions of time. 
If 0 is negative, the magnitude of y increases without 

limit and is the condition for an unstable system. If 0 is 
positive, the magnitude of Ae-" decreases and y ap-
proaches the steady value corresponding to x. It has 
been assumed that x is constant, but it is evident that if 
0 is positive and if the time constant of x is large com-
pared with the time constant of 0, in a general sense y 

will be equal to the value corresponding to the instan-
taneous value of x. This shows roughly that, if the sys-
tem is stable, y tends to be proportional to x. Inciden-
tally, it is worth noting that our control mechanism acts 
as an integrator, for if it makes y proportional to x it 
makes the output voltgage of the phase detector propor-
tional to the integral of the output phase. 

CRYSTAL 
FREQUENCY DIVIDE R 

0 

1. OSC IL LATOR1  
F_REQUENCY] DIVIDER 

93Y 

4=8,(x-83y) 

 TF;ASE DETECTOR  

MODULATOR 
r-F-ILTER 

Fig. 1O—Center-frequency-stabilizer control loop. 

It may not be amiss to mention that a more rigorous 
solution could be obtained using the fundamental steady-
state equation of linear control mechanisms where the 
coefficients are not assumed constant. 

. Y0(P)0-ix 
Y    

1 + 

where 0 Y0(P) is the steady-state-transmission ratio 
around the feedback loop of the control mechanism. For 
our particular case this is not warranted. 

c6; 

Fig. 11—Center-frequency-stabilizer parameter conversion. 

(8) 

If synchronization is not assumed, then the action of 
the phase detector is that of a diode mixer whose output 
has, among-other frequencies, the beat difference be-
tween the divided crystal frequency and the divided 
modulated frequency. These beats are applied to the 
modulator to modulate the frequency of the carrier. The 
value of the frequency swing (AF) fed back depends on 
the amplitude of the beat, and this determines the pull-
in region. When the amplitude of the beat corresponds 
to the difference between the mean carrier and the crys-
tal frequency, the two frequencies will pull into step. 
An investigation of a mathematical analysis of the 

process whereby pull-in action is obtained leads to the 
conclusion that this is essentially a nonlinear mechanism 
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r and has no simple solution. But it is fortunate that in 
this region we are interested only in the transient effect 
whereby the pull-in action takes place. 
A 10-cycle low-pass filter, inserted following the phase 

detector, determines the maximum beat which can be 
utilized in obtaining pull-in. The output frequency of 
the transmitter is divided by 6000 to obtain the beat, 
and the control frequency is therefore + 6000+10 = ± 60 
kilocycles. In other words, beat action is able to control 
±60 kilocycles. But the determining factor is how far 
pull-in can be used is the change in capacitance the 
modulator can insert across the tank-of the oscillator. 
Thus, knowing the static change in capacitance which 
the modulator is able to produce, the range over which 
pull-in take place may be determined. Of the transmis-
sion coefficients 01, 02, and 03 which have been discussed, 

the only one that has an appreciable time delay is 02. 
This comes about because of the time constant &CI of 
the phase detector. The beat frequency modulating the 
carrier is itself frequency-modulated at the beat rate, 
and reaches a condition where zero beat occurs and the 
two signals have identical frequencies. Furthermore, if 
we examine the period of any of the beats, they will al-
ways have a period T>1/beat frequency. It is evident 
that, if the time constant of the transmission coefficient 
02<<T, synchronization can be obtained. For the con-
stants as used, 02=E1C1=1000 microseconds and T 
=100,000 microseconds. This gives a ratio of 100 to 1 
which allows the coefficient A e-40283g to decay much 
faster than the rate at which the frequency of the modu-
lated oscillator is moving away from synchronization, 
and so lock-in holds. 

Intermodulation Distortion Analysis as Applied to 
Disk Recording and Reproducing Equipment* 

H. E. ROYSt, ASSOCIATE, I.R.E. 

Summary—Measuring the sidebands generated due to non-
linearity when using a test signal consisting of two different fre-
quencies has been found to be a useful way of analyzing distortion in 

disk recording systems. 
The method is more sensitive than the single-frequency harmonic 

method and gives results which seem to agree very well with listeners' 

observations. 
Tests made at various groove velocities with playback tips of 

different sizes show the expected increase in distortion at the lower 
velocities with the larger tips. The importance of a good fit between 

stylus and groove is illustrated. 

INTRODUCTION 

F
OR SOME time a method of measuring distor-
don has been needed that is readily applicable to 

  disk recording, with good correlation to what is 
heard by the ear. Methods which measure the individual 
harmonic components of a single frequency are difficult 
to apply. Usually special equipment is required be-
cause of the shifting of the phase and frequency due to 
speed variations of the turntable. Much time is usually 
involved in making such measurements, and the cor-
relation with what is heard is not very good unless the 
results are carefully analyzed. Equipment that filters 
out the fundamental and measures the residue (which 
consists of the harmonic components and the noise) is 
simple to operate. Noise is a problem, however, and the 
scope is limited unless the equipment is designed to 
pass all of the essential harmonics, and again the cor-
relation with the car is not very good. 

• Decimal classification: R391 .1 X534 . Original manuscript re-
ceived by the Institute, June 7, 1946; revised manuscript received, 

1 December 5, 1946. 
t Radio Corporation of America, RCA Victor Division, Camden, 

I N. J. 

INTERMODULATION METHOD 

The two-frequency method of analyzing distortion has 
been widely used in variable-density photographic 
sound recording, and we have found it a valuable tool 
for similar studies in disk recording. The term inter-
modulation is preferred to cross modulation for this 
method of distortion analysis in order to distinguish it 
from a test used by the film industry which is called 
cross modulation, and which uses an amplitude-modu-
lated carrier as the test signal. 
In the intermodulation method of distortion testing,' 

two frequencies, preferably one low and the other high, 
are combined in a linear network to make up the test 
signal. The usual practice is to have the higher fre-
quency 12 decibels lower in level than the low frequency 
and to maintain this relation for all tests. According to 
Frayne and Scoville,' when a 12-decibel difference in 
level between the upper and lower frequencies exists, 
the sensitivity of the intermodulation method is some-
where between 3.2 and 4 times greater than the har-
monic-measurement, single-recorded-frequency method. 
This ratio is not fixed but depends upon the order of the 
harmonics and their amplitudes. 
The advantage of the intermodulation method of dis-

tortion testing lies in its ease of application: adjust-
ments are simple; a single reading is obtained for each 
measurement; and the method is insensitive to phase 
and frequency changes caused by turntable speed varia-

I J. K. Hilliard, "Distortion tests by the intermodulation method," 
PROC. I.R.E., vol. 29, pp. 614-620: December, 1941. 

J. G. Frayne, and R. R. Scoville, "Analysis and measurements 
of distortion in variable-density recording," Jour. Soc. Mot. Pia. 
Eng., vol. 32, p. 648; June, 1939. 
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tions. The combination of a low and a high frequency per-
mits measurements at frequencies higher than the har-
monic method. This is because the only requirement is 
that the sideband frequencies created by intermodula-
tion distortion fall within the range of the equipment. 

EQUIPMENT 

In operation, the combination of frequencies is fed 
to the equipment under test. The output from the 
device is fed to an analyzer, shown in Fig. 1, which 
consists of a filter that eliminates the original low-
frequency component, and passes only the higher fre-
quency and the sidebands (generated because of curva-
ture or nonlinearity in the device). The amplitude of 
modulation of the high frequency is then measured by 
rectifying, filtering out the high frequencies, and meas-
uring the fluctuation in the rectified current. We find 
good correlation between distortion as measured by the 
intermodulation test and impairment of sound quality 
as judged by the ear. 
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Fig. 1—Intermodulation distortion equipment. 

For our tests, frequencies of 400 and 4000 cycles were 
used, as the equipment available operated at these fre-
quencies. A lower frequency, such as 100 cycles, might 
constitute a better choice, but for lateral disk recording 
400 cycles is in the constant-amplitude portion of the 
recording characteristic and therefore is subjected to 
the maximum displacement. 

DISTORTION WITH CHANGE IN GROOVE VELOCITY 

In order to obtain some data on the variation of dis-
tortion with groove velocity, lacquers were recorded 
with intermodulation bands at different diameters and 
turntable speeds. The records were processed and press-
ings were made for test purposes. A recording tip radius 
much smaller than normal was used so that reproduc-
ing styli having tips of various radii could be used while 
the principle was maintained that the spherical repro-
ducing tip should contact the two side walls but not 
reach the bottom. The results of these tests are shown 
in Fig. 2. Curve A was obtained with a pickup having a 
2.8-mil tip radius. Curve B was obtained with a pickup 
which was thought to have a 2.5-mil tip radius, but the 
results indicated a larger radius by showing greater 
distortion at the lower groove velocities than those 
shown for the 2.8-mil tip. The pickup had been in use 

for some time, and upon rechecking after these measure-
ments, the tip was found to have a flat of about 1.2 
mils. We are not aware of any other reproduction test 
which shows up a flat on the playback tip so readily 
and clearly. Curves C and D give the expected re-
sults, and show that the distortion is less at the lower 
groove velocities for smaller playback tips. 
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Fig. 2—Intermodulation distortion with pickups of different tip radii. 
A   2.8-mil tip radius 
B — • — • — 2.5-mil tip radius (with approximately 1.2 mil flat) 
C — x — x 2.3-mil tip radius 
D  1.2-mil tip radius. 

CALCULATED RESULTS 

It is always interesting to compare measured results 
with calculated values (providing they are fairly in 
agreement). Using the equations from a paper by Lewis 
and Hunt' on the theory of tracing distortion and cal_ 
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Fig. 3—Comparison of measured and calculated results of intermodu-
lation distortion tests with pickups of different tip radii. 

A   calculated  A'  measured 2.8-mil tip 
B   calculated  B' —X —X — measured 2.3-mil tip 
C  calculated  C' --A--z1 - measured 1.2-mil tip. 

culating the intermodulation distortion, we obtained 
the solid curves shown in Fig. 3. The measured curves, 
after correction for distortion of the recording head 
and system, are shown with these, and it is believed 
that the agreement between calculated and measured 
results is remarkably good. Only the intermodula-
tion at low linear velocities is significant in this check, 

$ W. D. Lewis and F. V. Hunt, "A theory of tracing distortion in 
sound reproduction from phonograph records," Jour. Acous. Soc. 
Amer., vol. 12, pp. 348-365; January, 1941. 
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since at higher velocities the predicted tracing distortion 
is so low that it would be masked by distortion known 
to be inherent in the cutter. It will be of interest to re-
peat the tests using a cutter of lower distortion than was 
available to us at the time these tests were made. It is 
gratifying to have the results check so well as it strength-
ens one's confidence in both the calculations and in the 
experimental work. 

RESULTS WITH EXCESSIVELY POLISHED M ASTER 

In order to obtain results due to excessive polishing, 
a second lacquer (cut identically with the first) was 
processed, and the metal master polished excessively 
during the processing. The results are shown in Fig. 4. 
The pickup with the largest tip radius now shows the 
least distortion, since it contacts the side walls farthest 
above the bottom of the groove. The change in groove 
contour should be greatest at the bottom for it is formed 
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Fig. 4—Intermodulation distortion tests with pickups of different 
tip radii; pressing from excessively polished master. 

A   2.8 mil tip radius 
B   2.5 mil tip radius (with approximately 1.2 mil flat) 
C --X--X 2.3 mil tip radius 
D ---,6,---A 1.2 mil tip radius. 

by the top of the ridge of the stamper, where the wear is 
greatest because of polishing. It is interesting to note 
that the least change in distortion (compared with the 
unpolished master) was obtained with the 2.5-mil tip 
which had a flat of about 1.2 mil; also, the 2.8-mil tip 
gave the same results. The smaller tips showed greater 
distortion. With the 1.25-mil tip, only one measurement 
is indicated. This was at the outside of the 12-inch, 78 
revolution-per-minute disk; at lower velocities the dis-
tortion exceeded the range of the measuring equipment. 

SINGLE-FREQUENCY M EASUREMENTS 

Since 400-cycle bands had been recorded on these 
test records, in addition to the intermodulation bands, 
400-cycle distortion measurements were possible. These 
were made using a distortion meter which filters out the 
400-cycle fundamental and measures the residue. The 
results•of the test with the 2.8-mil pickup are shown in 
Fig. 5 and are compared with the results obtained by 

the intermodulation method. Curves A and B show only 
a slight difference in 400-cycle distortion between the 
two pressings, and in no way indicate the difference 
which the intermodulation method shows. It is inter-
esting to note that the break in the curve indicating a 
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Fig. 5—Comparison of single-frequency and two-frequency (inter-
modulation) distortion tests. 2.3-mil playback tip radius. 

A—Single-frequency (400 cycles) distortion, unpolished master 
B—Single-frequency (400 cycles) distortion, polished master 
C—Two-frequency (400 a nd 4000 cycles) distortion, unpolished master 
D—Two-frequency (400 and 4000 cycles) distortion, polished master. 

rapid increase in distortion occurs at the same groove 
velocity (about 12 inches per second) for both methods 
when the pressing from the unpolished master was used. 
These measurements were repeated using the pickup 

with the 1.2-mil tip radius. The results, shown in Fig. 6, 
show a much greater difference in distortion between the 
single- and double-frequency methods with this pickup. 
Curve A shows the 400-cycle distortion obtained with 
the pressing from the unpolished master. Curve B is 
that obtained with the pressing from the polished mas-
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Fig. 6—Comparison of single-frequency and two-frequency (inter-
modulation) distortion tests. 1.2-mil playback tip radius. 

A—Single-frequency (400 cycles) distortion, unpolished master 
B—Single-frequency (400 cycles) distortion, polished master 
C—Two-frequency-(400 and 4000 cycles) distortion, unpolished 
master 

D—Two-frequency (400 and 4000 cycles) distortion, polished master. 

ter. There is some difference between these curves; ap-
proximately one per cent at a groove velocity of thirty 
inches per second. But the difference is not great, and 
not at all comparable to that measured by the inter-
modulation method. This is illustrated by Curves C and 
D. The intermodulation distortion at thirty inches per 
second for the pressing from the polished master was so 
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great as to exceed the upper range of equipment (30 
per cent). The sidebands due to intermodulation were 
plainly evident during listening tests, and, judging by 
ear, the intermodulation measurements were far more 
significant than the 400-cycle measurements. 

LISTENING TESTS 

Good correlation was found between distortion as 
measured by the intermodulation tests and impair-
ment of sound quality as judged by ear. For these tests, 
music obtained directly from a studio was recorded be-
tween bands of intermodulation frequencies.  The 
processing included various degrees of polishing, and it 
is believed that the distortion measurements obtained 
from the intermodulation bands were indicative of the 
condition that existed in the corresponding music por-
tions. In all cases of recordings which were judged to be 
inferior in quality during listening tests on a wide-
range system, measurement of the corresponding inter-
modulation test showed high intermodulation distor-
tion, and the magnitude of the sound impairment also 
accorded well with the intermodulation measurements. 
Fig. 4 indicates that use of a fairly large-radius repro-
ducing tip reduces distortion of the type caused by ex-
cessive polishing, and this improvement was plainly 
evident in the listening tests. 
Flats on the reproducer tips, which cause a noticeable 

impairment in quality when playing a low-distortion 
record, were found to cause an appreciable increase in 
intermodulation. 

CONCLUSIONS 

1. The intermodulation method of distortion testing 
offers many advantages in the study of distortion of 
disk recording and reproducing equipment. Judging by 
listening tests, it provides means of measuring d:stor-
tion that is obnoxious to the ear, but difficult to evaluate 
by the single-frequency harmonic method. 
2. As predicted by the theory developed by Lewis and 

Hunt,' distortion goes up almost abruptly when the 
linear speed falls below a certain value. The smaller the 
radius of the reproducing stylus, the lower the per-
missible minimum speed. The advantages of small tip 
styli, particularly for use with long-playing records, 
provided the record grooves are suitably shaped, have 
been recognized for a number of years,°.° but the in-
creased refinements in record manufacture, required in 
order to realize this benefit, have militated against 
radical steps in this direction. 
3. Improper relation between stylus tip and groove 

walls due to a stylus which is worn and no longer 
spherical, or to a groove which is worn or improperly 
shaped, can be readily detected by the intermodulation 
method. 

4 J. A. Pierce and F. V. Hunt, "On distortion in sound reproduc-
tion from phonograph records," Jour. Acous. Soc. Amer., vol. 10, 
pp. 14-28; July, 1938. 

'F. C. Barton, 'High-fidelity lateral-cut disk records," Jour. 
Soc. Mot. Pk. Eng., vol. 22, pp. 179-182; March, 1934. 

4. Excessive polishing of the master was used as a 
means of distorting the groove and altering the shape of 
the recorded waves. The polishing was greater than that 
encountered during normal processing, but served well 
to bring out the injury to quality which can result if 
polishing is not kept to the minimum and done only 
with great care. 
5. If the groove is improperly shaped, as by exces-

sive polishing, the distortion is minimized by using the 
largest permissible tip. By "largest permissible" is meant 
that the tip must not ride the edges of the groove, and 
thus reproduce surface scratches, nor should it be so 
large as to result in conditions of high intermodulation 
distortion at minimum groove velocities, as shown in 
Fig. 3. Taking the normal range of velocities for 78-
revolutions-per-minute records as 15 to 47 inches per 
second, it appears that the 2.8-mil radius would be 
permissible from this standpoint for the modulation 
levels used in the test. Loss of high-frequency response 
must also be expected as a result of using the larger 
tips.' This conclusion with reference to the minimizing 
of certain record distortions is not to be taken as ad-
vocating large- radius reproducing styli as the ideal. It 
is rather an expedient to which the designer of repro-
ducing equipment (who has little control over the 
records which his machine may have to play) may have 
to resort, in spite of the sacrifice of high-frequency re-
sponse and the increase of intermodulation at lower 
groove velocities. 
6. A pickup with a worn stylus tip shows little change 

in playback distortion between a good record and one in 
which the groove contours and wave shapes are very 
imperfect. This may have led our predecessors to con-
clude that all reproducer tips should have flats so that 
all records will sound equally good (or poor, regardless 
of their groove shape or condition of wear, and may 
have been one of the factors (in addition to the harden-
ing of the record) which led to the practice of mixing a 
little abrasive with the pressing compound, thereby 
making certain that a flat would be formed on the stylus 
tip within the first few revolutions of the turntable. 
7. The close agreement between calculated and 

measured results encourages further theoretical study 
of tracing distortion. The analyses already made, con-
firmed by the measurements, enable us to establish 
much more definitely than before the desirable limits 
to impose with reference to minimum groove velocities, 
and the relation between such minimum velocities and 
the radius of the reproducing tip. 
8. The low values of distortion found possible with 

optimum conditions indicate that the present-day 
processing methods, when properly followed, contribute 
little distortion, and also that pickups can be con-
structed which do not appreciably add to the distor-
tion when a tip having a suitable radius is used. 

1 G. L. Beers and C. M. Sinnett, "Some recent developments in 
record reproducing systems," PROC. I.R.E., vol. 31, pp. 138-146; 
April, 1943. 
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A Wide-Band Transformer from an Unbalanced 
to a Balanced Line* 

EUGENE G. FUBINIt, SENIOR MEMBER, I.R.E., AND PETER J. SUTROT 

Summary—The frequency characteristic of a particular type of 
"balun" (a transformer from an unbalanced to a balanced line) is 
discussed, and it is shown that by inserting a properly designed pair 
of quarter-wave sections to match the balun to the balanced line of 
higher characteristic impedance, the standing-wave ratio can be 

kept below 1.25 over frequency bands of the order of 4 to 1. Design 
parameters are given for the case of 128-ohm and 150-ohm balanced 
lines, for a 50-ohm unbalanced line. 

M
AN Y WAYS of feeding a balanced load from 
a single-ended line have been described in the 
literature,' but very little can be found on the 

subject of the frequency characteristic of the corre-
sponding transformers. Among the different types pro-
posed, the balun represented in Fig. 1 is particularly 
attractive. As long as the reactance of the wire con-

Fig. 1—Balun transformer from single-ended line 
to balanced line. 

necting point A with point B is small compared with 
the reactance between the points B and C, the equiva-
lent diagram of Fig. 2 is valid and shows that the condi-
tion for the phase is maintained for any frequency; i.e., 
the voltage between B and E and the voltage between 

• 

Fig. 2—Equivalent diagram of balun. 

D and E are 180 degrees out of phase. When the length 
of the line between C and B is a quarter-wave, there is 
perfect matching (except for losses) between a single-
ended line of characteristic impedance Z1 and a double-
ended line of the same characteristic impedance Z4= Zi; 
but at frequencies different from this, the quality of the 
matching decreases because the reactance between B 

• Decimal classification: R382.11 X R117.14. Original manuscript 
received by the Institute, January 16, 1946; revised manuscript re-
ceived, January 20, 1947. 
This work was done in whole under Contract No. OEMsr-411 

between the President and Fellows of Harvard College and the Office 
of Scientific Research and Development, which assumes no re-
sponsibility for the accuracy of the statements contained herein. 
t Airborne Instruments Laboratory, Mineola, Long Island, N. Y. 
t Columbia University, New York, N. Y. 
F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 

Book Co., New York, N. Y., 1943; page 855. 

and C and between D and C is no longer very large. For 
example, if the characteristic impedance Zo of the double 
line inside the balun is 200 ohms, and the characteristic 
impedance Z1 of the single-ended line is 50 ohms, the 
standing-wave ratio on the 50-ohm balanced line will be 
less than 1.25 over a frequency range of 2.81 to 1.0n 
the other hand, balanced lines of 50-ohm characteristic 
impedance are not practical, so that the necessity arises 
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Fig. 3—Balun followed by two sections matching 
it to a balanced line. 

of introducing some kind of transformer between the 
balanced terminals of the balun and the dual line. This 
transformer will have the function of transforming Z1 
into Z4 (for instance, 50 ohms into 128 ohms), or vice 
versa .2 

It will be shown that, if the matching section consists 
of two quarter-wave lines as shown in Fig. 3, the fre-
quency band within which the standing-wave ratio is 
less than an assigned value can be made wider than the 
frequency band within which the same condition would 
be satisfied if the balun were terminated directly into a 
balanced line of the same characteristic impedance as 
the single-ended line (Zi =Z4=Z2=Z3). This rather 
interesting fact is due to the particular frequency char-
acteristic of the ideal load' (see Fig. 4) of two quarter-
wave sections in cascade. A pair of quarter-wave sec-

LOAD 
•  

TRANSFORMER 
LINE 

CHAR IMP • R. 

Fig. 4—Diagram defining the "ideal load" of a 
matching transformer. 

tions designed to transform a resistance R into a re-
sistance Ro has an ideal load of the type shown as a 
solid line in Fig. 5. In this same Fig. 5 the frequency 

'Notice in this connection that, at least in the case when lossless 
matching transformers are used to match an ohmic resistance into 
another ohmic resistance, it is not necessary to specify which one of 
the two resistances is the load and which one the generator or the line. 

The "ideal load" for any transformer is that load which, applied 
at one end of the section, would maintain perfect matching at the 
other end, at any frequency; in other words, in Fig. 4, the ideal load 
for a section at the terminals 2 is the conjugate of the load seen from 
the terminals 2 looking in the direction of the terminals 1, when the 
resistance Ro is connected at these latter terminals. 
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characteristic of the balun, as seen from the terminals 
BD, is also plotted for the case where Z0/Z4=0.667, and 
the characteristic impedance Z1 of the single-ended 
line is such that ZI/Z4= 0.333; e.g., Z4=150 ohms, 
Z1=50 ohms, and Z0=100 ohms. The resistance and 
reactance are plotted relative to the characteristic 
impedance of the balanced line; 150 ohms in the case 
shown. It appears clear from Fig. 5 that the reactance 
of the balun near the center frequency (dashed line in 
Fig. 5) approximates the reactance of the "ideal load" 
(solid line) more nearly than a reactance which is zero 
throughout the whole frequency range (line of ordinate 
0); this explains why the frequency band of a balun 
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Fig. 5—Comparison of input impedance of the balun of Fig. 1 

(—Z1— = 0.333; Z°  = 0.667 Z4  Z4   

with the ideal load of two particular quarter-wave sections in 
cascade. Note: The frequencies are measured in terms of the fre-
quency fo at which the sections are X/4 long. The impedances are 
measured in terms of the impedance of the balanced line (150 
ohms). 

followed by two quarter-wave sections is better than the 
frequency band of the balun by itself. 
In the design of a complete matching transformer of 

this type there are three parameters the values of which 
can be chosen in such a way as to get the best result: 
(a) the characteristic impedance Zo of the quarter-wave 
line inside the balun, and (b) the characteristic im-
pedances Z2 and Z3 of the two quarter-wave sections. 
The best values for these three quantities could be 

obtained by means of an analytic procedure. The value 
of Zo fixes the frequency characteristic of the input 
impedance of the balun; the values of Z2 and Z3 fix the 
shape of the ideal load of the matching sections. By 
means of the least-mean-squares method, it is possible 

to determine the values of Zo, Z2, and Z3 which give a 
minimum standing-wave ratio in the frequency range 
of interest. It is much simpler, however, to follow a 
shorter, half theoretical, half cut-and-try process. Calcu-
lations have been carried out for two particularly im-
portant examples: the first for a transformer between a 
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Fig. 6(a) —Standing-wave ratio in a 150-ohm balanced line connected 
by means of a balun to a 50-ohm single-ended line with two 
quarter-wave matching sections. 

Characteristic impedance of line inside  Curve 1  Curve -2 
balun  100 ohms 100 ohms 

Characteristic impedance of first section 
(near balanced line)  so= 106.5 Zs =113.5 

Characteristic impedance of second secticn 
(near balun)  z2=61.3  s2= 66. 

balanced 150-ohm line and an unbalanced 50-ohm line 
(or, more genera ly, for the case Z1/Z4 = 0.333), the second 
between a balanced 128-ohm line and an unbalanced 
50-ohm line (or Z1/Z4=0.39). The method actually 
used was as follows: 
A value of Zo was chosen and the corresponding load 

impedance offered by the balun at its balanced end 
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Fig. 6(b) —Standing-wave ratio in a 128-ohm balanced line con-
nected by means of a balun to a 50-ohm single-ended line with 
two quarter-wave matching sections. 

Characteristic impedance of line inside 
balun Zo 

Characteristic impedance of first section 
(near balanced line) 

Characteristic impedance of second section 
(near balun) 

Curve 1  Curve 2 

150 ohms 100 ohms 

Z3=95.5  4=101.3 

Z2 = 59.7  z= 63.2. 

was calculated (dashed curves in Fig. 5). Values of 
Z2 and Z3 were determined by assigning the point A' 
(see Fig. 5) at which the ideal load reactance crosses 
the zero axis,for a fixed resistance ratio (Z22/Z32.Z1/Z4); 
then the ideal load curve for this transformer was 
calculated (solid curves of Fig. 5), using the standard 

1 October 

, t 
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formulas* for the transformation of impedance along a 
section of transmission line. The ideal load was then 
compared with the actual load presented by the balun. 
For several values of Zo/Z4, various values of A 'were 
tried until the optimum standing-wave rai io (as a func-
tion of frequency) appeared to have been attained (Figs. 
6(a) and 6(b). The improvement obtainable over the 
result achieved after the first three or four trials was 
negligible. 
It was found almost immediately that, while the best 

values for Z0/Z4 in this case are of the order of one, 
the exact value is not especially critical, although the 
- transformer must be designed for the Zo used; that is, a 
value of Zo somewhat different from the optimum can 
give very nearly as good a result if the transformer is 
changed correspondingly. This fact permitted a con-
siderable reduction in the number of calculations re-
quired. 
The resillts of four such calculations (together with 

the corresponding values of Zo, Z2, Z3) are shown in 
Figs. 6(a) and 6(b), in which the standing-wave ratio 
is plotted against relative frequency in both cases. Of 
the two solutions offered in each case, one maintains 
a standing-wave ratio below the arbitrarily assigned 
limit of 1.25 for a wider range of frequencies; the other, 

4 In most cases, one of the standard impedance charts based on 
these formulas is sufficiently accurate for the calculation. 

however, has the advantage that the standing-wave 
ratio remains lower than 1.15 over a wider frequency 
band. 
The diagrams show that it is, therefore, possible to 

design matching transformers from single-ended to 
double-ended lines which maintain a very low standing-
wave ratio (and the correct balancing condition) for 
frequency bands of the order of 4 to 1. 
It is important to remember that all the sections should 

be cut so as to make them X14 for the arithmetic average of 
the frequency limits of the desired bands.5 
These results show, in addition, the interesting fact 

that the transformation of a constant resistance to a 
constant resistance (in cases where there are no bal-
anced-to-unbalanced devices) can be considerably im-
proved by the addition of a parallel stub at the low-
resistance end of the standard two-quarter-wave-section 
transformer. In effect, Fig. 2 can be considered as repre-
senting a resistance AD which is to be matched to 
another ohmic resistance. The results outlined in this 
paper show that, if the matching is achieved with two 
X/4 lines, the reactance ACD (in parallel with the 
resistance to be matched) increases the useful frequency 
band. 

This is due to the obvious fact that any quarter-wave section 
transformer line acts in the same way for a frequency x per cent 
greater and x per cent smaller than the frequency for which it is cut. 

Electrode Dissipation at Ultra-High Frequencies* 
ZIGMOND W. WILCHINSKYt 

Summary—A simple method is presented for measuring the 
electrode dissipation in a tube operating normally in its circuit at 
ultra-high frequencies. Application to tube design and circuit design 
is indicated. Results of a typical experiment are given for a triode 
oscillator tube, for which values are worked out for the grid tempera-
ture distribution, required tension in grid wires, and power limitation 
due to grid dissipation. 

INTRODUCTION 

AT ULTRA-HIGH frequencies a vacuum tube 
tends to operate less efficiently as the frequency 
increases, a considerable fraction of the loss 

appearing as heat in the various electrodes. Excessive 
electrode temperature may give rise to primary grid 
emission, grid buckling, change in interelectrode spac-
ings, or high seal temperatures; any one of these diffi-
culties may render the tube inoperable. A knowledge 
of the power dissipated in each electrode as a function 
of, say, input power, can be helpful to the circuit de-
signer in determining the capabilities and limitations 

• Decimal classification: R 252.9. Original manuscript received 
by the Institute, June 7, 1946. 
t Formerly, Naval Research Laboratory, Washington, D. C.; 

nowl Esso Laboratories, Standard Oil Company of 'New Jersey, 
Louisiana Division, Baton Rouge, La. 

of the tube. To the tube engineer the information can 
be useful in designing tubes with higher power ratings. 

ELECTRODE DISSIPATION MEASUREMENT 

The schematic drawing, Fig. 1, represents a cavity 
oscillator using a 2C43 triode. Thermocouples were 
attached near the grid and plate, care being taken to 
keep the thermocouple leads from interfering with the 
high-frequency fields. A third thermocouple used for 
reference purposes was attached to the outer wall of the 
cavity. 
With the oscillator operating normally, readings were 

recorded for rise in temperature at each thermocouple, 
input power (excluding heater power), high-frequency 
power output, and heater power. The circuit was next 
put into a nonoscillating condition and power was fed 
into the electrodes from a direct-current source in such 
a manner that the same combination of thermocouple 
temperatures was obtained. For each electrode its 
direct-current dissipation was, therefore, equal to its 
mean dissipation under oscillating conditions. Typical 
results obtained by this method for the oscillator 
operating at a frequency of 1000 megacycles are given 
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in Table I. The portion of the input power, thus far un-
accounted for by the experiment, was lumped under the 
heading of miscellaneous losses, which includes experi-
mental errors and certain types of circuit losses. 
It is also possible to estimate the power dissipated in 

the plate and grid due to thermal radiation from the 

Fig. 1—Sketch of ultra-high-frequency oscillator, showing ,position 
of thermocouples. The thermocouples associated with grid, plate, 
and cavity wall are labeled T,, T,, and T., respectively. 

cathode. Let the temperature rise at the plate, grid, 
and cavity-wall thermocouples be designated by T,, 
and T., respectively. Consider the quantity T„—T„ 
plotted as a function of the plate dissipation derived 
from the input power (see Fig. 2). Due to the result-
ing linear relationship' one can readily extrapolate the 
curve to T,— T.= 0, the magnitude of the intercept 

TABLE I 

ELECTRODE DISSIPATION DATA 

Measurement 

Input power 
=3.89 watts 

Filament power 
=5.7 watts 

Input power =0 
Filament power 
=5.7 watts 

High-frequency output 
Grid dissipation derived from 
input power 

Plate dissipation derived from 
input power 

Miscellaneous losses derived 
from input power 

Temperature rise at plate 
thermocouple, T, 

Temperature rise at grid ther-
mocouple, T, 

Temperature rise at cavity. 
wall thermocouple, 7'. 

1.15 watts 

0.50 watt 

1.85 watts 

0.40 watt 
25.8 degrees 

centigrade 
23.5 degrees 

centigrade 
15.0 degrees 

centigrade 

11.8 degrees 
centigrade 

16.2 degrees 
centigrade 

9.6 degrees 
centigrade 

(0.5 watt) being the power radiated from cathode to 
plate. A similar treatment for the grid (Fig. 2) gives 
1.7 watts as the power radiated from cathode to grid. 
Of this it is estimated that about 1.0 watt is dissipated 
in the wires and the remainder in". the supporting 
structure. 
A summary of the results obtained so far can be 

given by the following empirical equations: 

The relationship is practically linear if essentially no power is 
radiated from either the plate or grid. 

Available high-frequency power =0.30 input power (la) 
Grid dissipation =1.0 watt +0.13 input power  (lb) 
Plate dissipation =0.5 watt +0.47 input power  (lc) 
Miscellaneous losses =4.2 watts +0.10 input power. (1d) 

-2  0  1 

DISSIPATION  DUE  TO INPUT  POWER  WATTS 

Fig. 2—Extrapolation method of finding the electrode dissipation due 
to radiation from cathode. Negative of intercept on axis of ab-
scissa gives desired quantity. 

2 

APPLICATION OF RESULTS 

In order to make full use of the dissipation data, one 
needs to know the conditions under which the circuit 
is to operate. However,, some computations of a general 
nature can be made with the help of a few reasonable 
assumptions. 
Since the grids of transmitter tubes often present 

considerable concern to the users of the tubes, the data 
obtained will be directed toward a limited analysis of 
some thermal properties of the grid. 

Grid Temperature 

The grid of the 2C43 consists of a fine square mesh 
stretched across a circular aperture. It can be shown 
that this mesh is very nearly equivalent in thermal-
conduction properties to a uniform sheet of appropriate 
thickness. The problem then reduces to a two-dimen-
sional radial heat-flow problem. Assuming that all the 
heat dissipated is eliminated by thermal conduction, the 
appropriate differential equation for grid temperature is 

pC OT  p v2 T =  _ 
K  Ot  KD 

(2) 

the symbols used here and in subsequent equations 
being defined in the Appendix. If p is uniform over the 
grid and the periphery is held at temperature To, the 
solution to (2) is found to be 

(R2—r 2) 
4 KD 

R2 
+ —KD  (po— p) 

E' E  . exp ( t/f„). (3) 
.-1 
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This equation gives the temperature at any point on 
the grid mesh as a function of the distance from the 
center of the grid and the time 1. It is assumed that for 
1=0 there exists a steady state characterized by Po. 
Since the first term in the transient is the most signifi-
cant, the approach to the steady state is governed 
chiefly by exp (—tin); hence an approximation of (3) 
can be written 

(R2— r2) 
T — To =  4KD ip + (p. - p) exp (— tiri)].  (4) 

The value of r, for the 2C43 tube, was computed to be 
0.045 second, indicating that the transient may become 
significant in certain pulsed circuit applications. 
In passing it is interesting to note that the steady-

state solution has the same form for any arrange-
ment of uniform wire stretched across the aperture as 
for a mesh, provided that the dissipation per unit 
length of wire is uniform. Another observation is that, 
if the steady-state part of (3) is written in the form 

P  r 2 

T — To =   1 — 
4rKD  R2)' 

(5) 

it can be seen that the temperature at the center of the 
grid is independent of the radius of grid aperture for a 
given value of grid dissipation. 

Grid Emission 

A grid that has accumulated a coating of oxide 
cathode material may become a good emitter at a 
temperature in the neighborhood of 750 degrees centi-
grade. With the help of (5) one can estimate the maxi-
mum grid dissipation at which troublesome grid emis-
sion is likely to set in. The results may be translated 
into maximum power input or output via (la), (lb), and 
(lc). For the tube under consideration, with the periph-
ery of the grid at a temperature T0=200 degrees centi-
grade, and the center at 750 degrees centigrade, the 
maximum grid dissipation allowable is computed to be 
11 watts, corresponding to an input power of 85 watts 
and an output of 25 watts. 

Required Tension in Grid Wires 

If the grid wires were not stretched, thermal ex-
pansion would cause the grid to buckle as its tempera-
ture increased. Since the longest wires get hottest and 
expand more than the others, one can proceed by com-
puting the thermal expansion of these wires, 

eRP 
AR = f E(T  To)dr =  , 

6irKD 

if e is taken to be a constant. The tension at tempera-
ture To, necessary to just overcome the anticipated 
expansion, can be estimated with the help of Young's 
mod ulus 

F/A 
E    

AR/R 

(6) 

(7) 

Combining (6) and (7), one obtains the tension 

eA EP 
F=   

6rKD 
(8) 

which, incidentally, is independent of the grid aperture 
size. It is convenient to express the tension in terms 
of the ultimate tensile strength. Hence, for P=11 watts, 
corresponding to a maximum allowable grid tempera-
ture of 750 degrees centigrade, the required tension is 
14 per cent of the ultimate tensile strength. 

DISCUSSION 

For a particular use of a tube, electrode dissipation 
data could probably be applied much more extensively 
than indicated here. However, it should be pointed out 
that this may not always be the most economical pro-
cedure in attaining practical results. Many successful 
tubes and circuits have been built with only casual 
regard for electrode dissipation. However, some situa-
tions in which a knowledge of electrode dissipation is 
particularly desirable are: (a) applications where a tube 
is being run near its physical limits, (b) predicting suit-
ability of a tube in applications for which circuits are 
not available, (c) analyzing tube difficulties suspected of 
being caused by electrode dissipation, and (d) as experi-
mental data for theoretical studies of certain types of 
microwave generators. 
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APPENDIX: EXPLANATION OF SYMBOLS 

C = specific heat 
p=density 
K= heat conductivity 
T= temperature at point on the grid 
t= time 
P =dissipation in grid wires due to all causes 
p = power dissipated per unit area of grid aperture 
p0= value of p prior to 1=0 
D= thickness of disk, equivalent in thermal proper-

ties to square mesh = (number of wires per unit 
length) X (cross-section area of one wire) 

A =cross-section area of a wire 
R=radius of grid aperture 
r =radial distance from center of grid 
En= nth zero of Jo(x) 

J„,(x)= Bessel function of x, of order m 

a.= J2(E.)/E.2-112(E.) 
pCR2I KE„2 

E= Young's modulus 
e =coefficient of thermal expansion 
F...wire tension. 
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An Electron-Ray Tuning Indicator for 
Frequency Modulation* 

F. M. BAILEYt, MEMBER, I.R.E. 

Summary—The design features of an electron-ray tuning indica-
tor for frequency modulation which can be operated directly from a 
discriminator are described. The electrode configuration features 
high deflection sensitivity and a translucent fluorescent screen. 

INTRODUCTION 

THE ELECTRON-ray indicator tube has received 
wide acceptance as a device for providing ac-
curacy in tuning an amplitude-modulated signal 

in a receiving set. In this application, dial setting is ac-
complished by indicating a maximum voltage point. 
Frequency-modulation tuning is somewhat different in 
that it requires a device which will compare one voltage 
with a reference voltage and indicate when the two volt-
ages are equal. By the use of additional tube and circuit 
components, a standard electron-ray tube can be made 
to do this, but at extra expense. The development of the 
ZP-601 1 was undertaken to find an electron system 
which would satisfy the requirements of a frequency-
modulation tuning indicator. This work has made avail-
able an electronic indicator tube which, in addition to 
indicating a change in magnitude, compares the magni-
tude of two voltages, and for frequency-modulation sig-
nals indicates the direction of mistuning. 

FUNDAMENTAL REQUIREMENTS OF A FREQUENCY-
MODULATION TUNING INDICATOR 

With existing commercial discriminator circuits, the 
output voltage varies plus and minus 10 volts with re-
spect to ground when the set is tuned through the signal. 
This gives a frequency versus voltage characteristic of 
approximately 10 kilocycles per volt for the standard 
200-kilocycle pass band. To provide distortionless sig-
nals, the carrier should be tuned within 2 kilocycles of 
the center of the discriminator or within 0.2 volt. The 
tuning indicator must therefore be capable of detecting 
a voltage difference of plus or minus 0.2 volt with re-
spect to ground. In addition, when the control voltage 
becomes positive the indicator should not draw an ap-
preciable current, since the shunt resistance permitted 
across the discriminator for less than 1 per cent distor-
tion is 1 megohm. 
Inasmuch as the voltage produced by the discrimina-

tor is zero for both on-tune and off-channel conditions, 
a tuning eye which merely compares voltage would pro-
vide the same presentation for both conditions. There 
are two possible methods of providing a difference in 
on-signal presentation. One is to change the pattern by 

Decimal classification: R339 X R361.214. Original manuscript 
received by the Institute, July 21, 1946; revised manuscript received, 
September 24, 1946. 
1* General Electric Co., Schenectady, N. Y. 
1 Tubes of this type, manufactured for commercial purposes, have 

been assigned the RMA number 6AL7-GT. 

means of the negative limiter voltage developed in the 
grid circuit of the first limiter, and the other is to employ 
negative squelch voltage to alter the pattern when off 
channel. 
Because the measurement of the discriminator voltage 

is a direct-current measurement, it is very desirable that 
the indicator be free from the thermal and contact-po-
tential variations which are inherent in a direct-coupled 
system. The voltage used in the operation of the tube 
should not exceed 250 volts. The target or fluorescent 
area should be as near the front of the bulb as possible, 
preferably closer than in existing tuning indicators. The 
associated circuit should not require more than a few 
resistors. 

THE DEFLECTION SYSTEM 

The mechanism of the cathode-ray tube provided the 
basis for the design of initial tubes. A cylindrical cath-

TARGET 

BOUNDARY 
DEFLECTOR 

SPACE CHARGE 
GRID 

FM CONTROL 
DEFLECTOR 

COMPARISON  DEFLECTOR 

Fig. 1—Space-charge grid and deflector assembly. 

ode produced a rectangular-shaped pattern, the sides of 
which were controlled by deflectors. One deflector was 
divided at the center, providing two independent elec-
trodes on one side. Half of the pattern was then deflected 
with respect to the other half, forming a comparison 
type of presentation with one half indicating the refer-
ence voltage, and the other half the discriminator volt-
age. 
By placing a space-charge grid around the cathode 

and deflection electrodes, the sensitivity of the deflection 
system was considerably increased. (See Fig. 1.) This 
grid provided an extensive region around the cathode in 
which the electrons travel at rather slow velocities and 
can therefore be more easily deflected by charged wires. 
After being deflected the electrons penetrate the space-
charge grid and move in more or less rectilinear paths 
toward the target. 
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The opacity of the space-charge grid controls the 
sensitivity as well as the brightness of the pattern. The 
grid position and pitch were adjusted to compromise 
these two factors to the point where the brightness was 
greater than 4 foot-lamberts and where the sensitivity 
was 10 volts for I inch. This adjustment was made with 
the space-charge grid connected to the cathode. A plot 
of deflection sensitivity and brightness as a function of 
plate voltage for three different grid meshes is shown in 
Figs. 2 and 3. The sensitivity at 1/100 inch is greater 
than that at  inch, so that it is possible to obtain a 
plus or minus 0.2-volt setting and inaintain adequate 
brightness. In addition, the space-charge grid is brought 
out on a separate pin so that a negative bias can be 
applied to reduce the brightness and increase the deflec-
tion sensitivity. 
The frequency-modulation deflection electrodes are 

mounted on one side of the cathode and give a twin 
deflection pattern at one edge of the target. An electrode 
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Fig. 2—Deflection sensitivity as a function of target voltage. 

placed on the other side of the cathode forms a fixed 
boundary for that side of the pattern. This electrode 
may be connected to the limiter voltage in the fre-
quency-modulation set and used to deflect that edge 
of the pattern when the set is on channel, thus making 
the pattern different when tuned on channel than when 
tuned off channel. For amplitude-modulation receivers 
the deflectors may be connected together and con-
nected to the automatic-volume-control voltage. This 
causes the rectangular pattern to become narrow as the 
receiver is tuned to maximum signal. By placing the 
amplitude-modulation deflector at a greater distance 
from the cathode than the frequency-modulation de-
flector, a remote-cutoff characteristic can be obtained 

for the amplitude-modulation presentation and accu-
racy of tuning maintained for both strong and weak 
amplitude-modulation signals. 
For a frequency-modulation receiver which has a 

squelch circuit for biasing the radio-frequency tubes to 
cutoff between stations, the squelch voltage may be ap-
plied to the space-charge grid of the tuning indicator, 

6  a  10 
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Fig. 3—Brightness as a function of target voltage. 

causing the fluorescent pattern to be blanked out be-
tween channels. This provides a second scheme for mak-
ing the on-channel signal different from the off-channel 
signal and is preferable to the system employing limiter 
voltage. It requires approximately 6 volts to reduce the 
target current of the tube to the point where the 
fluorescent screen cannot be seen with 315 volts applied 
to the target. 

DEFLECTOR DESIGN 

Under the space-charge operation of deflecting wires, 
the deflection with positive voltage is always greater 
than the deflection with negative voltage. This greater 
sensitivity in the positive range is useless for practical 
purposes, since the current which the deflectors draw 
produces enough voltage drop in the 1-megohm filtering 
resistor to reduce greatly the operating voltage at the 
deflector. 
The current drain can be diminished by utilizing fine 

deflection wires. From a manufacturing point of view, 
however, rigidity of the deflector assembly was most 
important. It was decided, therefore, to remove the bot-
tom half of the space-charge grid to enable a rather large 
structure to be used to support the deflecting electrodes. 
With this arrangement it is necessary to use a cathode-
bias resistor in order to place a positive potential on the 
cathode with respect to the deflectors so that deflection 



1160  PROCEEDINGS OF THE I.R.E.—Waves and Electrons Section October 

in the positive direction may be obtained without draw-
ing current to the deflectors. 
The position of the deflectors with respect to the 

cathode controls the position of the boundary of the 
fluorescent pattern. The accuracy with which the di-
vided deflectors are positioned controls the zero setting 
of the voltage-comparison arrangement. 

TARGET DESIGN 

The fluorescent target of the ZP-601 is a translucent 
screen operated at low voltage. It is therefore necessary 
that the willemite screen be backed with a transparent 
electrical conductor in order to prevent charging of the 

Fig. 4—Photograph of tuning-indicator tube (ZP-601). 

screen for want of sufficient secondary emission. A de-
posit of tin chloride applied in a hot oven provided 
coatings of resistance between 10,000 and 40,000 ohms 
per square. Satisfactory operation of the target was ob-
tained with a resistance of 200,000 ohms per square or 
less. 
Since the brightness of the fluorescent surface must 

be greater than some minimum value (4 foot-lamberts), 
it is necessary to provide a screen with the most efficient 
thickness of willemite coating. If the willemite coating 
is too thin, insufficient light will be produced. If the 
coating is too thick, the opacity of the coating will be 
detrimental to the transmission of light through it. 
Furthermore, if the coating is too thick, when operating 
at 250 volts the ability of the conductive backing to 
remove charges from the screen will be impaired and the 
fluorescent pattern distorted or deflected completely. 
At 250 volts the maximum brightness occurs at a thick-
ness corresponding to 20 per cent transmission of light, 

while greater thickness results in a charged screen. As a 
result, the tubes are made with screens coated at ap-
proximately 25 per cent. 

SUMMARY 

A photograph of the final tube is shown in Fig. 4. The 
structure incorporates the characteristics outlined in the 
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Fig. 5—Circuit diagram and tuning patterns. 

previous discussion, and is contained in a T-9 envelope. 
The tube features a translucent fluorescent target, a 
rectangular divided pattern, adequate sensitivity for 
both amplitude-modulation and frequency-modulation 
detectors without additional amplifiers, and a control 
grid for the application of squelch voltage. Circuit dia-
grams with corresponding tuning patterns are shown in 
Fig. 5. 
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the Office of the Deputy Chief of Naval Air 
operations. At present Dr. Piore is director 
of the Physical Sciences Division, Research 
Group, Office of Naval Research. He is a 
member of the American Physical Society 
and Sigma Xi. 

H. E. Roys (A'27) was born on January 
7, 1902, in Beaver Falls, Pa. He received 
the B.S. degree in electrical engineering 
from the University of Colorado in 1925. 
From 1925 to 1930, he was with the radio 
department of the General Electric Com-
pany at Schenectady. Since 1930, when 
he was transferred to the RCA-Victor Com-
pany in Camden, N. J., he has been asso-
dated with that company. Disk record-
ing and reproduction problems have been 
his main concern for a number of years. 

Martin Silver (A'42) was born in New 
York, N. Y., on August 25, 1920. He gradu-
ated from New York University in 1941 
with a bachelor degree in engineering. 

MARTIN SILVER 

Upon leaving college, he entered Federal 
Telecommunication Laboratories and was 
assigned to investigate communication-type 
jamming equipment. Since the termination 
of the war he has been actively engaged in 
the development of frequency-modulated 
broadcast transmitters, monitors, links, and 
associated equipment. 

Charles B. Smith (A'43) was born in 
Enterprise, Miss., on August 5, 1919, and 
graduated from the high school in Silver 
Spring, Md., in June, 19,37. For three 

CHARLES B. SMITH 

years he worked as a radio serviceman in 
Washington, D. C. In 1940 he attended the 
Capitol Radio Engineering Institute, gradu-
ating in June, 1941. He went to work in the 
Consultants Group of the Naval Research 
Laboratory in July, 1941, where he stayed 
until 1945. He is now with the Vacuum Tube 
Research Section of the Naval Research 
Laboratory, Washington, D. C. 

40. 

PETER J. SUTRO 

Peter J. Sutro was born on June 20, 1921, 
at New York, N. Y. He received the B.A. 
degree in physics from Harvard University 
in 1942. During the war, from 1942 to 1946, 
he was working on radar countermeasures 
as a research associate at the Radio Re-
search Laboratory of Harvard University, 
which was operated under a contract with 
the Office of Scientific Research and De-

A. R. VALLARINO 

velopment. He has now resumed his studies in 
the physics department of Columbia Uni-
versity. He is a member of the American 
Physical Society. 

0 

A. R. Vallarino (S'43-A'44) was born in 
Panama City, Panama, on August 11, 1913. 
He was graduated in electrical engineering 
from Stanford University in 1939. Trans-
ferring his studies to electrical communica-
tions, Mr. Vallarino spent the next three 
years in graduate and research work at Stan-
ford University. In 1943 he joined the 
Federal Telecommunication Laboratories, 
where he is employed as a research engineer. 

Zigmond W. Wilchinsky was born in 
New York, N. Y., on August 26, 1915. He 
received the B.S. degree in education from 
Rutgers in 1937, and the M.S. degree in 
physics from the same institution in 1939. 
In 1942 he received the Ph.D. degree from 
the Massachusetts Institute of Technology 
and joined the staff of the Radiation Labora-
tory of M.I.T. the same year, where he was 
engaged in local-oscillator development. 
From 1943 to 1946 Dr. Wilchinsky was at 
the Naval Research Laboratory, working on 
development of circuits and tubes for triode 
microwave oscillators. At present, he is with 
the Standard Oil Company of New Jersey, 
engaged in petroleum research. 

ZIGMOND W. WILCHINSKY 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.13  2654 
The Vibrations of Certain Coupled Systems 

—(See 2728.) 

534.213(26.03)  2655 
Underwater  Sound  Propagation —( Tele-

Tech, vol. 6, p. 39; April, 1947.) Experimental 
evidence is given of the existence of sound chan-
nels at depths of 300-400 ft. in the Atlantic 
and 600-700 ft. in the Pacific; their depth de-
pends on the vertical temperature gradient. 

534.32:621.396.722  2656 
Distortion and Acoustic Preferences—J. 

Moir. (Puoc. I.R.E., vol. 35, p. 405; May, 
1947.) Comment on 612 of April. See also 2554 
of September and back reference. 

534.414  2657 
Properties of Simple and Multiple Cylin-

drical Acoustic Resonators —P. Wirz. (Hay. 
Phys. Ada., vol. 20, pp. 3-26; February 15, 
1947. In German.) The fine structure of the 
resonance curves of acoustic resonators ob-
served by Zickendraht (3030 of  1942) is 
found to be due to interference effects. A 
method is described for obtaining the true 
resonance curves and from them evaluat-
ing the decrement, which is in good agree-
ment with the value obtained from photo-
graphic records of the amplitude of the oscil-
lations  excited  by  short-time  application 
of a stimulus of the same frequency as that 
of the resonator. The well known formulas for 
the frequency correction at the mouth of the 
resonator can be improved by the introduction 
of a term taking account of the width of the 
flange there. Experiments with bundles of 
similar tubular resonators are described and a 
method is given for observation of the air 
motion at the mouth of an excited resonator. 

534.845.1  2658 
Measurement of Sound Absorption by 

Phase-Shift  Determinations - G.  Sacerdote. 

The Annual Index to these Abstracts and References, covering those published 
from January, 1946, through December, 1946, may be obtained for 2s. 8d., postage 
included from the Wireless Engineer, Dorset House, Stamford St., London 
S. E., England. 

(Alta Frequenza, vol. 16, pp. 98-100; April, 
1947. In Italian, with English, French, and 
German summaries.) The absorption of an 
acoustic material can be found from phase 
difference measurements at three points in a 
Kundt's tube. 

534.861.1  2659 
Acoustical Design of Broadcast Studios — 

J. Peterson. (Tele-Tech, vol. 6, pp. 52-55, 127; 
March, 1947.) A discussion of modern surface 
treatments to eliminate echoes and other ob-
jectionable features. 

534.861A  2660 
The Acoustical Design of F.M. Studios — 

E. J. Content. (Tele-Tech, vol. 6, pp. 30-34; 
April, 1947.) A discussion of the factors in-
volved in the improvement of over-all fre-
quency response and sound distribution in the 
studio. 

534.88  2661 
Sonar —The Submarine's Nemesis —Mc-

Proud. (See 2777.) 

62L395.623  2662 
Sensitivity and Impedance of Electro-

Acoustic Transducers—P. Vigoureux. (Proc. 
Phys. Soc., vol. 59, pp. 19-30; January 1, 1947.) 
Using the method of equivalent electric cir-
cuits the output voltage is deduced in terms of 
the radiation resistance and the pressure. The 
radiation resistance can be measured by purely 
electrical means. The construction of imped-
ance and admittance diagrams is explained, 
and it is shown how the maximum acoustic 
output can be obtained from electrical meas-
urements without any acoustic measurements. 

621.395.623:534.835  2663 
Telephone Transmissions in Noisy Sur-

roundings—G. Nicolle. (Ann. Radioelec., vol. 
2, pp. 78-86; January, 1947.) The methods 
adopted to improve the signal-to-noise ratio 
usually involve some process favoring the sig-
nal such as bringing the microphone close to 
the mouth of the speaker, reducing the noise 
by insulation, and making the apparatus as 
directional as possible. An alternative method 
proposed makes use of a differential action of 
two microphone elements, equally sensitive to 
the surrounding noise, with a directional ar-
rangement allowing speech to affect only one of 
the elements. A very marked improvement in 
the signal-to-noise ratio is thus obtained 
without the use of sound insulation. 

621.395.623.73  2664 
Wide Range Loudspeaker Developmenta — 

l!. F. Olson and J. Preston. (RCA Rev., vol. 7, 
pp. 155-178; June, 1946.) A reprint was ab-
stracted in 993 of May. 

AERIALS AND TRANSMISSION LINES 

621.315.212:621.392.029.64  2665 
Guided Waves in a Coaxial Line—G. 

Goudet and J. Lignon. (Onde Elec., vol. 27, pp. 
152-159; April, 1947.) Discussion of propaga-
tion in the annular space of coaxial cables to 
see whether normal cables can be used for 
u.h.f. transmission. Coaxial cables should be 
designed for propagation only of the funda-
mental wavelength. At the higher frequencies 
wave guides should be used. 

621.315.212:621.397.74  2666 
The Provision in London to Television 

Channels for the B.B.C. —H. T. Mitchell. 
(P.O. Elec. Eng. Jour., vol. 40, part 1, pp. 33-
36; April, 1947.) An account of recently in-
stalled coaxial cable and the associated repeater 
equipment. 

621.315.213.12:621.397.5  2667 
Development of an Ultra Low Loss Trans-

mission Line for Television —E. 0. Johnson. 
(RCA Rev., vol. 7, pp. 272-280; June, 1946.) 
A 300-ohm parallel-wire polyethylene dielec-
tric feeder having an attenuation less than 0.8 
db per 100 ft. at 50 Mc. It is weather proof 
and cheap to manufacture. 

621.38/.391.029.64  2668 
Microwave Electronics —J. C. Slater. (Rev. 

Mod. Phys.. vol. 18, pp. 441-512; October, 
1946.) This comprehensive article "is essen-
tially a set of notes for lectures delivered during 
the winter of 1945-46." It is written from the 
standpoint of a physicist and includes chapters 
dealing with (a) the 4-terminal network and 
the transmission line, (b) wave guides, (c) 
resonant cavities, (d) applications of the theory 
of resonant cavities, and (e) electronics of the 
reflex klystron and magnetron. 

621.392.029.64  2669 
On the Transmission of H. Waves In Guides 

of Circular Cross Section —M. Jouguet. (Comp. 
Rend. Acad. Sci. (Paris), vol. 224, pp. 998-1000; 
March 31, 1947.) In a straight guide the H. 
wave is practically stable for accidental curva-
tures, which on the average balance out, but its 
attenuation only approximates to the theo-
retical value if these curvatures are very small. 
See also 1667 of July and back references. 

621.392.21  2670 
Propagation Characteristics of a Uniform 

Line—C. Miclieletta. (Alto Frequenza, vol. 16, 
pp. 47-49; February, 1947. In Italian.) Simple 
formulas are derived for the attenuation and 
phase constants using results given by Mac-
diarmid and Orchard (2476 of 1946). 

621.392.22  2671 
Non-Uniform Transmission Lines and Re-

flection Coefficients—h. R. Walker and N. 
Wax. (Jour. Appl. Phys., vol. 17, pp. 1043-
1045; December, 1946.) Summary in Bell Sys. 
Tech. Jour., vol. 26, p. 393; Aplil, 1947.) A 
first-order differential equation for the voltage 
reflection coefficient of a nonuniform line is 
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derived and is applied to the calculation of the 
resonant wavelengths of tapered lines. 

621.392.4.029.58 - 621.396.67.029.58j:621.317.3 
2672 

The Testing of High-Frequency Aerial 
Systems and Transmission Lines—E. J. Wilk-
inson (Proc. I.R.E. (Australia), vol. 8, pp. 4-
20; February, 1947.) A full description of the 
aerial arrays and transmission lines used at 
Shepparton, Victoria, Australia, for operation 
on frequencies between 6 and 22 Mc. and the 
.heoretical considerations underlying their de-
sign. The procedure for setting up and testing 
the system is given in detail. A series of ap-
pendixes deal with switching and matching 
stubs, transmission-line unbalance, behavior of 
X/4 and X/2 lines, and evaluation of line 
terminations. 

621.392.43:621.317.33  2673 
Impedance Measurement on Transmission 

Lines —D. D. King. (Paoc. I.R.E., vol. 35, pp. 
509-514; May, 1947.) "A derivation of the 
formulas available for the measurement of 
terminal impedances on transmission lines is 
given in terms of hyperbolic functions. The 
accuracy and usefulness of a number of dif-
ferent methods are considered. Results are 
obtained in a form suitable for convenient ap-
plication to practical measuring problems in-
volving standing-wave and resonance-curve 
methods." 

621.392.43:621.317.72.02 .56/.581  2674 
The "Micromatch" —Jones and Sontheimer 

(See 2853.) 

621.396.615.141.2 : 621.314.2.029.64 : 621.315. 
613.7  2675 

Waveguide-Output Magnetronswith Quartz 
Transformers —Maker and Moll (See 2712.) 

621.396.67  2676 
Recent Theories of the Aerial: Part 4— 

g. Roubinc. (Onde Elec., vol 27, pp. 160-169; 
April, 1947.) Conclusion of 2012 of August 
and 2332 of September. Outlines are given of 
a symbolic method for the integration of the 
Hallett equation and of the methods of King, 
Blake, and Harrison (1933 and 1934 of 1944), of 
Bouwkamp (2197 of 1944), of King and Middle-
ton (1771 of 1946), and also of the modifications 
of Hallen's theory suggested by Miss Gray 
(1931 of 1944). It is impossible at present to 
decide which of these theories is best, owing to 
the difficulty of measuring input impedance 
accurately. 

621.396.67  2677 
2500-Foot Vertical Antenna—(Electronics, 

vol. 20, pp. 188, 190; May, 1947.) A German 
aerial system supported by an electrically 
driven captive helicopter. 

621.396.67.029.64  2678 
Microwave Omnidirectional Antennas—H. 

J. Riblet. (Paoc. I.R.E., vol. 35, pp. 474-478; 
May, 1947.) Design considerations for omni-
directional 3- and 10-centimeter aerials are 
summarized. Elements used in the construc-
tion of aerials of this type are described. 

621.396.67.029.64  2679 
Parallel Plate Optics for Rapid [Aerial] 

Scanning —S. B. Myers. (Jour. Appl. Phys., 
vol. 18, pp. 221-229; February, 1947.) Con-
sideration of the problem of shaping two curved 
parallel plates, between which the energy feed 
Is placed so that circular motion of the feed 
will produce an oscillating beam at a straight 
aperture. The latter serves as a line source for 
a bifocal reflector which facilitates the desired 
scanning. The method was developed to obvi-
ate rapid movement of parabolic aerials. 

621.396.67:517.512.2  2680 
Fourier Transforms in Aerial Theory: Part 

1—J. F. Ramsay. (Marconi Rev., vol. 9, pp. 
139-145; October and December, 1946.) "The 
radiation pattern of a narrow-beam aerial can 
be formulated as the Fourier Transform of the 
aperture excitation. Examples are given of 
simple equiphase aperture characteristics and 
the evaluation of the corresponding polar dia-
grams. Four basic patterns are plotted, cor-
responding to the symmetrical, in-phase excita-
tions  known  as  "constant,"  "triangular," 
"cosine," and "cosine squared." 

621.396.671  2681 
Partially-Screened Open Aerials—R. E. 

Burgess. (Wireless Eng., vol. 24, pp. 145-149; 
May, 1947.) "A simple approximate theory 
based on the transmission-line equations is de-
veloped for an open aerial, a portion of which is 
enclosed in a concentric conducting screen. 
The voltage and current distributions in the 
transmitting case are deduced. From these the 
effective heights of the "screened" and un-
screened portions of the aerial are calculated 
and it is found that as the length of the 
unscreened portions increases so the effective 
height of the screen portion tends to equality 
with its length, as was first demonstrated ex-
perimentally by Smith-Rose and Barfield. 

"The susceptance of the aerial is calcu-
lated on the assumption of no losses and it is 
found that .the antiresonant frequencies are 
displaced by the presence of the screens while 
the resonant frequencies occur when the length 
of the inner conductor or of the screen is equal 
to an odd number of quarter-wavelengths. A 
simple equivalent circuit is given for an aerial 
which is short compared with the wavelength. 

621.396.671.4  2682 
Radiation Resistant of Horizontal and Verti-

cal Aerials Carrying a Progressive Wave —E. 
M. Wells. (Marconi Rev., vol. 9, pp. 129-137; 
October and December, 1946.) An extension of 
L. Lewin's analysis (2332 of 1939) to the case 
of progressive waves, using van der Pol's 
method. 

621.396.674  2683 
Design Values for Loop-Antenna Input 

Circuits—J. E. Browder and V. J. Young. 
(PRoc. I.R.E., vol. 35, pp. 519 -525; May, 
1947.) A theoretical treatment of the problem 
leading up to formulas and charts for the 
choice of inductances, Q values and coupling 
coefficients of loop-aerial coupling transformers 
for obtaining optimum signal-to-noise ratio. 
The case of cable connection of the loop to the 
receiver is also considered. 

621.396.677  2684 
Aircraft Antenna Pattern Plotter —C). II. 

Schmitt and W. P. Peyser. (Electronics, vol. 
20, pp. 88-91; May, 1947.) If measurements 
are made on a scale model of an aircraft and 
its aerials, the signal wavelength being pro-
portionately reduced, the actual radiation pat-
tern of the full-size installation can be pre-
dicted. Technical details of a systeip using 
microwaves and  automatic  recording  are 
given. 

621.396.677  2685 
A Current Distribution for Broadside Ar-

rays Which Optimizes the Relationship Be-
tween Beam Width and Side-Lobe Level- C. 
L. Dolph. (Pitoc. I.R.E., vol. 35, pp. 489-492, 
May, 1947.) Discussion of 2487 of 1946. H. J. 
Riblet gives a generalization of Dolph's meth-
ods which removes the limitations that (a) the 
spacing between radiators  X/2; (b) the beam 
width is characterized by the existence of a 
first null; (c) the current distribution is in 
phase; and (d) the current distribution is sym-
metrical about the center position of the array. 
In his reply Dolph shows how the calculations 
necessary in the application of his methods 
may be simplified. 

621.396.677:621.396.9.3  2686 
Various  Papers on  Direction-Finding— 

(See 2780 to 2783.) 

621.396.677.029.64:538.566  2687 
Electromagnetic Fields in a Paraboloidal 

Reflector. —E. Pinney. (Jour. Math. Phys., vol. 
26, pp. 42-55; April, 1947.) Continuation ol 
the mathematical treatment of 1909 of 1946. 
The case of a radiating dipole backed by a 
dummy reflector, both dipoles being per-
pendicular to the axis of the paraboloid, is con-
sidered in detail. 

621.396.679.4:621.315.24  2688 
A Six- Wire Transmission-Line Application 

—J. C. Wadsworth. (Proc. I.R.E. (Australia), 
vol. 8, pp. 16-17, 19; March, 1947.) Comment 
by A. J. E. Robertson on 1686 of July and the 
author's reply. 

621.392.029.64+621.396.67  2689 
The Physical Principles of Wave-Guide 

Transmission and Antenna Systems [Book Re-
viewl — W.  II.  Watson. Oxford  University 
Press, 207 pp., 20s. (Wireless Eng., vol. 24, pp. 
154-155; May, 1947.) "Its aim is to describe to 
physicists and engineers with theoretical inter-
ests the way in which the technique of handling 
radio-frequency transmission lines has been ex-
tended to deal with waveguides ... The book can 
be unreservedly recommended to anyone in 
any way interested in waveguides." 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.2.015.33.029.5  2690 
Electromotive  Impulse  Transformer—B. 

Lavagnino and V. Zerbini. (Alta Frequenza, 
vol. 16, pp. 31-36; February, 1947. In Italian, 
with English, French, and German summaries.) 
The heavily damped two-winding moving-coil 
galvanometer can transfer the time integral of 
an e:m.f. of short duration from one winding 
to the other at a constant ratio. Such a device 
might be used as a coupling transformer for 
pulse amplifiers. 

621.316.722  2691 
Nonlinear Limiter —E.  R.  Brill. (Elec-

tronics, vol. 20, pp. 198-202; May, 1947.) A 
limiter  using germanium crystal  rectifiers 
whose current versus potential characteristic 
follows a cube-root law. When the limiter is 
used in combination with a cathode-ray screen 
with a cube law a linear over-all transfer char-
acteristic is obtained. 

621.316.935  2692 
Negative Resistance Effects in Saturable 

Reactor Circuits —J. M. Manley and E. Peter-
son. (Trans. A.I.E.E. (Elec. Eng., December 
Supplement,  1946.)  vol. 65, pp. 870-881; 
December Supplement, 1946.) General proper-
ties of oscillations produced; three types dis-
tinguished,  incommensurable,  subharmonic, 
and harmonic. Experimental data are in gen-
eral agreement with theory. 

621.318.323.2.042.15  2693 
Iron-Dust Cores —Gleadle. (See 2816.) 

621.318.33.042.029.3  2694 
Magnetic Parameters in the Calculation of 

Reactors and Transformers for Audio-Fre-
quency —G. Monti-Guarnieri. (Alto Frequenza, 
vol. 16, pp. 3-30; February, 1947. In Italian, 
with English, French, and German sum-
maries.) Methods of calculation involve three 
dimension ratios, defining the shape of the 
laminations and core, and also a "parallel-
harmonic" permeability depending on the ratio 
B: H. Nonlinear distortion is discussed and 
corrections are applied in the calculation of 
polarized and nonpolarized reactors to account 
for distortion limitation. An appendix describes 
apparatus and methods for determining the 
magnetic parameters and graphs used. 1 
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621.318.572  2695 
Electronic Counters —I. E. Grosdoff. (RCA 

Rev., vol. 7, pp. 438-447; September, 1946.) The 
use of resistance-coupled multivibrators in 
ring-chain and series-chain counters is de-
scribed; gate and switching problems are dis-
cussed and applications suggested. 

621.318.7  2696 
Insertion Loss and Insertion Phase Shift of 

Multi-Section Zobel Filters with Equal Image 
Impedances — W. Saraga. (P.O. Elec. Eng. 
Jour., vol. 39, part 4, pp. 167-172; January, 
1947.) The method given in 1045 of 1943 
(Stanesby, Broad, and Corke) can be applied 
to any given filter network which possesses a 
lattice equivalent. To simplify the derivation of 
these lattice equivalents for multisection Zobel 
filters with equal image impedances, the re-
actance versus frequency functions of a large 
number of such filters are tabulated. 

621.318.74  2697 
Narrow Band-Pass Filter Using Modula-

tion —N. F. Barber. (Wireless Eng., vol. 24, pp. 
132-134; May, 1947.) The signal is modulated 
in two channels by equal voltages in phase 
quadrature, and  the products are passed 
through low-pass filters, then further modu-
lated by quadrature voltages and recombined. 
The final frequency is the same as that of the 
original signal and phase changes are preserved. 

621.319.5.015.33  2698 
Generation of Pulse Voltages —L. Vallese. 

(Alto Frequenza, vol. 16, pp. 68-86; April, 
1947. In Italian, with English, French, awl 
German summaries.) Fundamental principles, 
with typical circuits and some experimental 
results. 

621.392.5  2699 
Minimum Phase-Shift Networks —L. A. 

Zadeh. (Wire ess Eng., vol. 24, p. 157; May, 
1947.) Discusses briefly the suggestion that 
such networks should be termed "minimum 
net phase-shift networks," where "net phase-
shift" is defined as the total angle swept by G 
(the complex gain of the network) in the G-
plane when co varies from zero to the value in 

I question. 

621.392.5.016.24/.25  2700 
On the Calculation of the Active and Reac-

tive Power of Certain Electrical Networks —M. 
Parodi. (Gen. Elec. Rev., vol. 56, pp. 143-144; 
March, 1947.) Expressions for the active and 
reactive power of a dissipative network, in 
terms of its input reactance and of the con-
stants characterizing the losses, are derived 
from a relation due to N. I. Korman (738 of 
1945.) 

621.392.52:621.396.611.21  2701 
Crystal Filters —I. Edvin. (Elektrotechnika 

(Budapest), vol. 39, pp. 41-47; March, 1947.) 
In Hungarian, with English, French, and Ger-
man summaries.) The behavior of lattice and 
other types of filter sections s described and 
results obtained for band-, low-, and high-pass 
filters are discussed. Methods of soldering con-
necting wires to nodal points of the crystal are 
described. Balls of solder may be used on the 
supporting wires to create artificial reflection 

points. 

621.396.611.1  2702 
An RC Circuit Giving Over Unity Gain [at 

a Particular Frequencyl--C. L. Longmire. 
(Tele-Tech, vol. 6, pp. 40-41, 112; April, 1947.) 
Applications are discussed. 

621.396.611.21 +537.228.1 2703 
Quartz Oscillators —P. Vigoureux. (Jour. 

Brit. I.R.E., vol. 7, pp. 46-62; March and 
April,  1947.)  General  review  of  subject; 
methods of cutting nature of equivalent circuit, 
oscillator characteristics, application to fre-

quency multiplication and division, clocks, and 
filters. 

621.396.611.21:621.316.726  2704 
Stability of Crystal Oscillators —A. J. Zink, 

Jt. (Electronics, vol. 20, pp. 127-129; May, 
1947.) Discussion of factors affecting crystal 
oscillator frequency drift and methods of 
minimizing it. 

621.396.611.3  2705 
On a Formula Relative to the Reflection of 

Waves —P. Marie. (Corn pt. Rend. Acad. Sci. 
(Paris), vol. 224, pp. 379-381; February 10, 
1947.) The interpretation of a formula derivable 
from the papers noted in 1376 and 1377 of 
June. 

621.396.611.4:537.533  2706 
Cavity Resonators and Electron Beams — 

J. H. Owen Harries. (Wireless Eng., vol. 24, 
pp. 71-80, 109-118, and 135-142; March and 
May, 1947.) General theoretical treatment of 
fundamental principles and limitations in radio-
tube technique using a modulated electron 
beam supplying power to a load through a 
resonator. Energy transfer and power output 
conditions are analyzed; it is shown that the 
maximum  theoretical  conversion  efficiency 
n. is 43 per cent, attained when the small-
signal transit angle is about 7r/2 and the ratio 
of the peak voltage in the resonator along the 
beam to the steady voltage at entry is rather 
greater than unity. The over-all efficiency is 
?Mc where ree is the efficiency of transfer from 
resonator to load. In a given system the ad-
justable parameters are the beam current and 
the resonator-load coupling, and the criteria 
for obtaining maximum over-all efficiency are 
discussed. 

The influence of wavelength on the effi-
ciency and power output given by present elec-
tron-stream-resonator technique is considered 
in detail; it is concluied that this technique is 
only useful down to wavelengths of about 1 
centimeter. Application of the theory is ex-
emplified by considering, specific shapes of 
resonator. Techniques for measurement of Q 
and of electric field and field integrals at micro-
wavelengths and the use of models are discussed. 

621.396.615:621.316.726  2707 
Frequency Instability of Self Oscillators — 

E. Green. (Marconi Rev., vol. 9, pp. 151-158; 
October and December, 1946.) The conditions 
for single-frequency operation are analyzed for 
an oscillator connected through a long line to 
an unmatched load. 

621.396.615.14  2708 
Improving Stability of U.H.F. Oscillators — 

C. A. Ilelber. (Electronics, vol. 20, pp. 103-105; 
May, 1947.)  4athematical analysis of the 
factors governing frequency stability during 
load-impedance changes, and a method of re-
ducing frequency variations in a 1000-Mc, oscil-
lator by means of a series capacitor in the 
anode circuit. 

621.396.615.14  2709 
Microwave  Oscillators Using Disk-Seal 

Tubes —A. M. Gurewitsch and J. It. Whin-
nery. (Paoc. I.R.E., vol. 35, pp. 462-473; May, 
1947.) Typical design and performance data 
are given for oscillators using three disk-seal 
tubes now on the market. "A general small-
signal oscillator theory is presented and applied 
to the re-entrant disk-sea -tube microwave 
oscillator. It is shown how information on fre-
quency of oscillation, tuning, and frequency 
stability can be obtained." 

621.396.615.14  2710 
Generating  Microwaves —S.  Freedman. 

(Radio News, vol. 37, pp. 35-37, 128; March, 
1947.) A general account of the various meth-
ods employed, from the Barkhausen-Kurz 
stage onwards, with a table in which these 
methods are compared as regards the energy 

interchange, output, energy losses, ease of ad-
justment, frequency flexibility, and cost. A 
short description is also given of the Fonda-
Freedman method, which uses ordinary tubes 
with special circuit arrangements. 

621.396.615.14.012.2  2711 
Q Circles —A Means of Analysis of Reso-

nant Microwave Systems: Part 2— W. Altar. 
(Pitoc. I.R.E., vol. 35, pp. 478-484; May, 
1947.) Mathematical proof of the relationships 
on which are based the circle diagrams de-
scribed in part 1 (2360 of September). 

621.396.615.141.2:621.314.2.029.64:621.315. 
613.7  2712 

Araveguide-Output  Magnetrons  with 
Quartz Transformers —L. M al ter a nd J. L. Moll. 
RCA Rev., vol. 7, pp. 414-421; September, 
1946.) Tests at a wavelength of 1.25 centimeters 
show that quartz dielectric wave guide, or paral-
lel plate transmissipn-line transformers give per-
formance substantially identical with that ob-
tained with vacuum transformers. The use of 
quartz increases transformer width and re-
duces the length. 

62L396.619.13:621.396.622  2713 
Applying the 1N34 as Discriminator for 

F. M. —N. L. Chalfin. (Radio News, vol. 37, 
pp. 55, 150;  4arch, 1947.) The germanium 
1N34 crystal provides greater output with 
less residual hum than a conventional 6H6 
tube. A discriminator circuit is given which 
uses two 1N34 units or a single 1N35. The 
latter consists of two matched 1N34. 

621.396.619.16  2714 
A Note on a Phase Modulator Principle — 

R. A. Wooding, Jr. (Proc. I.R.E. (Australia), 
vol. 5, pp. 13-16, 24; April, 1945.) A practical 
circuit for producing quasi-phase modulation. 

621.396.645  2715 
Design for a High-Quality Amplifier —D. 

T. N. Williamson. (Wireless World, vol. 53, pp. 
118-121 and 161-163; April and May, 1947.) 
Discussion of the basic requirements, the de-
sign of the push-pull output stage, the output 
transformer and  phase-splitter and driver 
stages. A practical circuit is shown using 
tetrode output tubes connected as triodes and 
details of the performance and effect of feed-
back are given. 

621.396.645  2716 
Design of Transmission Line Tank Circuits 

— W. C. Hollis. (Electronics, vol. 20, pp. 130-
134; May, 1947.) A discussion of tank effi-
ciency, condition for resonance, selectivity, im-
pedance of tank circuit, and conditions for 
maximum impedance, with graphical design 
procedure. 

621.396.645:518.3  2717 
Cathode  Followers Nomograph —M.  B. 

Kline. (Electronics, vol. 20, p. 136; May, 1947.) 
Relates gain, amplification factor, and ratio 
of cathode-load resistance to tube-anode re-
sistance. 

621.396.645:621.396.822.08  2718 
Linearity Range of Noise- Measuring Ampli-

fiers —R. L. Bell. (Wireless Eng., vol. 24, pp. 
119-122; April, 1947.) In the amplification of 
noise voltages there is a finite probability of 
the occurrence of any peak value of voltage, 
however large, and all those greater than a 
certain value will produce overloading of the 
amplifier. 

The errors in mean and mean-square out-
put voltages resulting from an assumption of 
linear amplification are calculated in the two 
cases of amplifiers with resistive and selec-
tive output loads. 

621.396.645.36  2719 
Cancellation of Even Harmonic Distortion 

in Push-Pull Operation —G. F. Craven and 
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G. R. 0. Vermeir. (Proc. I.R.E. (Australia), 
vol. 5, pp. 12-19; January, 1945.) Analysis for 
dam, A, AB, B, and C amplifiers. 

621.396.662.21  2720 
Universal Coll Design —A.  W. Simon. 

(Radio, vol. 31, pp. 16-17; February and 
March, 1947.) Simple formulas for coil wind-
ing. 

621.396.69+621.396.621  2721 
Machine  for  Receiver  Manufacture — 

(route la Radio, vol. 14, pp. 163-164; May, 
1947.) A short account of the equipment de-
scribed in 1913 of July (Sargrove). 

621.396.69:06.064  2722 
Component  Design  Trends —( Wireless 

World, vol. 53, pp. 177-181; May, 1947.) A 
review of the Radio Component Manufac-
turers' Federation exhibition held in March, 
1947. 

517.432.1  2723 
Heaviside's Operational Calculus Made 

Easy. [Book Reviewj —Turney. (See 2831.) 

621.38.012  2724 
Drafting for Electronics [Book Revievej — 

L. F. B. Carini. McGraw-Hill Publishing Co., 
London, 211 pp., 12s.6d. (Elec. Rev. (London), 
vol. 140, p. 586; April 11, 1947.) Deals essen-
tially with the production of circuit diagrams 
for radio receivers and transmitters, c.r.t., 
and the various industrial applications of elec-
tronics. 

GENERAL PHYSICS 

53"1946"  2725 
Physics in 1946—P. Morrison. (Jour. Appl. 

Phys., vol. 18, pp. 133-152; February, 1947.) A 
review of various experiments and techniques 
in the fields of superconductivity, microwaves, 
atomic physics, and atomic energy. 

530.145  2726 
On the Nonlinear Wave Equations of the 

Quantum Theory of the Electron —B. Kwal. 
(Contist. Rend. Acad. Sri. (Paris), vol. 224, pp. 
1099-1100; April 14, 1947.) 

531.18:531.15  2727 
Is Rotation Relative or Absolute —G. 

Stedman. (Wireless Eng., vol. 24, p. 156; May, 
1947.) Comment on 1727 of July. 

534.13  2728 
The Vibrations of Certain Coupled Systems 

—T. Vogel. (Rev. Sci. (Paris), vol. 84, pp. 515-
522; November 15, 1946.) If each degree of 
freedom of a system SI is coupled to one and 
only one degree of freedom of a system Si 
and conversely, the coupling between Si and 
Si is termed monovalent. The theory of such 
systems is given and applied to the cage of a 
rectangular window, formed by two parallel 
plates, in an infinite rigid wall. The equations of 
motion are solved and expressions found for 
the natural frequencies and for the trans-
parency of the combination with loose and with 
tight coupling. Experiments with plates of 
aluminum and of rubber, forming a window in 
one wall of a sound-proof room, confirm the 
theory. 

535.13:538.566  2729 
Refraction Between Absorbing Media —L. 

Pincherle. (Nuovo Cim., vol. 3, pp. 328-337; 
October I, 1946. In Italian, with English sum-
mary.) Theory of a plane electromagnetic wave 
refracted at the plane boundary between two 
absorbing dielectrics. A discontinuity is found 
In the reflected and transmitted fields under 
conditions in which the average flow of energy 
through the boundary is zero. 

535.341+621.317.33.011.51: 537.226.029.64 
2730 

Extension of the Measurements of Disper-

eon and Absorption by Liquids, to the Region 
of  Centimetric  Radio-Electric  Waves —P. 
Abadie. (Trans. Faraday Soc., vol. 42A, pp. 
143-149; 1946 Discussion, pp. 155-170.) 

535.343.32.029.6:541.135  2731 
The Radio-Frequency Absorption Spectra 

of Solutions of Electrolytes —J. Forman and 
D. J. Crip. (Trans. Faraday Soc., vol. 42A, pp. 
186-193; 1946.) The absorption of several 
binary electrolytes in aqueous solutions of 
various concentrations was measured at fre-
quencies between 25 and 375 Mc. 

537.122:538.122  2732 
The Radiation of Fast Electrons in the Mag-

netic Field —L. Arzimovich and I. Pomeran-
chuk. (Jour. Phys. (U.S.S.R.), vol. 9, no. 4, 
pp. 267-276; 1945.) The spectral and angular 
distribution is investigated. 

537.2 6+621.315.6+621.317  2733 
A General Discussion on Dielectrics —(See 

2808.) 

537.226  2734 
Dipolar Interaction —H. Frohlich. (Trans. 

Farady Soc., vol. 42A, pp. 3-7; 1946. Discus-
sion, pp. 36-40.) 

537.226  2735 
The Influence of Hindered Molecular Rota-

tion on the 9)ie1ectric Polarization of Polar 
Liquids —J. G. Kirkwood. (Trans. Faraday 
Soc., vol. 42A, pp. 7-12; 1946. Discussion, pp. 
36-40.) 

537.226  2736 
Theory of the Crystalline Field in Solid 

and Liquid Polar Dielectrics —E. Bauer and 
D. Massignon. (Trans. Faraday Soc., vol. 42A, 
pp. 12-15; 1946. Discussion, pp. 36-40.) 

537.226  2737 
A Contribution to the Theory of the Internal 

Electrical Field [in a Dielectrid—C. J. F. 
&Richer. (Trans. Faraday Soc., vol. 42A, pp. 
16-19; 1946. Discussion, pp. 36-40.) 

537.226  2738 
A Comparison of Debye's and Onsager's 

Theories of the Dielectric Constants of Con-
centrated Polar Media —F. C. Frank. (Trans. 
Faraday Soc., vol. 42A, pp. 19-24; 1946. Dis-
cussion, pp. 36-40.) "It is concluded that 
Debye's theory may be inaccurate but On-
sager's certainly is. Arguments indicating that 
Debye's theory is very far wrong are refuted." 

537.226  2739 
Some Mathematical Models Representing 

Polar Molecules in Crystals —F. C. Frank. 
(Trans. Faraday Soc., vol. 42A, pp. 24-35; 
1946. Discussion, pp. 36-40.) The discussion 
predicts a dependence of the degree of dielec-
tric polarization on temperature which agrees 
to some extent with observation. 

537.226  2740 
Molecular Freedom in Solid Dielectrics — 

C. P. Smyth. (Trans. Faraday Soc., vols 42A, 
pp. 175-180: 1946.) 

537.226 : 00L8  2741 
A Note on the Analysis of Dielectric Meas-

urements —S. Whitehead. (Trans. Faraday Soc., 
vol. 42A, pp. 66-75; 1946. Discussion, pp. 75-
78.) A survey of dielectric theory in its bearing 
on research. 

537.226.2  2742 
The Dielectric Relaxation of Mixtures of 

Dipolar  Liquids —A.  Schallamach.  (Trans. 
Faraday Soc., vol. 42A, pp. 180-186; 1946. 
Discussion, pp. 193-194.) 

537.226.2 : 538.56.569  2743 
On the Frequency Dependence of the Di-

electric Constant in Dipolar Solids —R. A. 
Sack. (Trans. Faraday Soc., vol. 42A, pp. 61-

66; 1946. Discussion, pp. 75-78.) An extension 
to variable fields of the work of Icing (Zell. 
far Phys., vol. 31, pp. 253-258; 1925), who 
used Debye's original theory based on the 
Clausius-Mosotti assumption of the internal 
field. 

537.226.8  2744 
Note on the Comparison of Entropy and 

Energy Changes in Diffusion and Dielectric 
Relaxation Processes —D. L. Levi. (Trans. 
Faraday Soc., vol. 42A, pp. 152-155; 1946. 
Discussion, pp. 155-170.) 

537.291  2745 
Exchange of Energy Between an Electron 

Beam and an Electromagnetic Field of Feeble 
Intenalty —Guenard. (See 2969.) 

537.313  2746 
On the Probability of Electron Conduction 

Motions —C. Budeanu. (Comp'. Rend. Acad. 
Sci. (Paris), vol. 224, pp. 1054-1056; April 9, 
1947.) Consideration of the probability that 
an electron at the junction of two resistors will 
traverse either of them, leads approximately to 
Kirchhoff's law if a sufficiently great time is 
considered. 

537.525:538.551.25  2747 
On the Theory of Electron-Plasma Oscilla-

tions —F. Borgnis. (Help. Phys. Ada, vol. 20, 
pp. 207-221; April 30, 1947. In German.) The 
theory of short-wave electron oscillations in a 
gas-discharge plasma is generalized. The treat-
ment of the plane problem by Langmuir and 
Tonks (1929 Abstracts, p. 273) must be ex-
tended to account for the occurrence of inde-
pendent stationary oscillations in a plasma. 
The frequency of such oscillations, which can 
be excited between the limits of the discharge 
path, is not, in general, identical with the Lang-
muir frequency. 

537.525 : 539.16.08  2748 
Development of the Discharge in Counter 

Tubes with Alcohol Vapour —F. Alder, E. 
Baldinger, P. Huber, and F. Metzger. (Helv. 
Phys. Ada, vol. 20, pp. 73-95; February 15, 
1947. In German.) The velocity of spreading of 
the discharge in a tube with 64 mm. Hg argon 
and 16 mm. Hg alcohol vapor and a potential 
of 1100 volts was 8.35X106 cehtimeters per 
second. With a given pressure ratio of alcohol 
to argon, the velocity increases almost linearly 
with the potential. With constant potential, 
the velocity decreases if this pressure ratio is 
increased. 

537.525.72  2749 
Low-Pressure  Electrical Discharges —E. 

W. B. Gill and A. von Engel. (Nalure (London), 
vol. 159, pp. 404-405; March 22, 1947.) high 
frequency discharges in a glass bulb can be 
initiated with low uniform gradients if the 
pressure is of the order of 0.01 to 0.001 mm. 
Hg. Maximum wavelength in meters is about 
four times the diameter of the bulb in centi-
meters; starting potential is independent of the 
nature of the gas. 

537.533.8:546.3  2750 
Rediffused Component of Secondary Elec-

tron Emission of Metals —P. Palluel. (Comp:. 
Rend. Acad. Sci. (Paris), vol. 224, pp. 1492-
1494; May 28, 1947.) As the primary velocity 
increases, the coefficient of rediffusion (or non-
elastic reflection) for all the metals considered 
approaches asymptotically a constant value 
which increases with atomic number and is 
reached at lower primary velocities for the 
lighter metals. 

538.122  2751 
The Lines of Force Through Neutral Points 

in a Magnetic Field —D. Owen. (Proc. Phys. 
Soc., vol. 59, pp. 14-18; January 1, 1947.) 
Continuation of 3405 of 1945. A method is 
given for drawing the lines of force, and the 
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field near a neutral point is considered geo-
metrically. 

538.2:621.365.5  2752 
Theory of the Heating of Ferromagnetic 

Materials by Eddy Currents and by Hysteresis 
— M. Jouguet. (L'Onde Elec., vol. 27, pp. 138-
151; April, 1947.) General equations are de-
veloped for the case of a solid of revolution, 
without hysteresis or saturation. The effects of 
hysteresis and magnetizing field are then con-
sidered and formulas derived for the power 
dissipated by eddy currents and by hysteresis 
and for the total power dissipation. Discussion 
shows that hysteresis reduces the eddy-current 
heating but increases the total heating. The 
results are applied to the induction furnace; a 
form factor is introduced and current penetra-
tion and skin thickness are discussed. Hysteresis 
increases the skin thickness but reduces the 
penetration depth. The choice of the optimum 
frequency depends on the permeability of the 
material. The power absorption of an infinitely 
long cylinder is compared with that of a 
sphere; the case of an ellipsoid is also con-
sidered. 

538.311 +621.316.971.083:621.385.833  2753 
Measurement of Feeble Magnetic Fields 

and of the Effects of Shielding. Applications to 
the Electron Microscope —D. Charles. (Ann. 
Radiollec., vol. 2, pp. 75-77; January, 1947.) 
The method uses a small coil connected by a 
screened lead to an amplifier with a voltage 
gain of about 1000 for frequencies from 50 to 
1000 cycles. Results are given showing the effect 
of single and of double cylindrical shields, with 
and without side holes. The results have been 
applied to the design of efficient shields for the 
C.S.F. electron microscope to eliminate the 

effects of parasitic fields. 

538.312  2754 
Electromagnetic Radiation —J. Greig.( Wire-

less Eng., vol. 24, pp. 143-144; May, 1947.) On 
the assumption of a finite velocity of propaga-
tion of electric and magnetic fields, the main 
phenomena of electromagnetic radiation can 

be simply explained. 

538.313  2755 
The Helical Motion of Particles in a Con-

stant Uniform Magnetic Field —F. Ehrenhaft. 
(Compt. Rend. Acad. Sci. (Paris), vol. 224, pp. 
1151-1152; April 21, 1947.) Particles of Fe, Ni, 

Ma, Cr, Sb, etc., describe helical paths between 
the poles of an electromagnet. Photographs 
are given. 

538.56:535.13  2756 
The Reflection of an Electromagnetic Plane 

Wave by an Infinite Set of Plates: Part 1— 
J. F. Carlson and A. E. Heins. (Quart. Appl. 
Math., vol. 4, pp. 313-329; January, 1947.) 
This problem may be formulated as a sin & 
inhomogeneous Wiener-Hopf integral equation, 
and as such it may be solved rigorously using 
the method of Fourier transformation. The 
functional form of the various surface-current 
densities, as well as the electric field, is de-
termined. It is shown how some of the resultr 
obtained may be interpreted in a simple phys 
ical manner, and the relation to ordinary grat-

ing theory is pointed out. 

538.569.4.029.64  275/ 
Thermal and Acoustic Effects Attending 

Absorption of Microwaves by Gases — W. D. 
Hershberger, E. T. Bush, and G. W. Leek, 
(RCA Rev., vol. 7, pp. 422-431; September, 
1946.) 15 substances, gaseous at normal tem-
perature and pressure, strongly absorb micro-
waves, the absorbed energy appearing as heat 
or sound. Methods of measurement are de-
scribed and the results are tabulated and dis-

cussed. 

GEOPHYSICAL AND EXTRATERRESTRIAL 
PHENO MENA 

523.16:621.396.822 
551.510.535 
551.594.6  2758 

Reports on the International Conference of 
U.R.S.I. (International Radio-Scientific Union) 
— Y. Rocard. (Rev. Sci. (Paris), vol. 84, pp. 
500-501; November 1, 1946.) 

(a) Ionosphere. M. Nicolet discusses the 
formation of the various regions, and criticizes 
the  conclusions of  Kiepenheuer  (Annales 
d'Astrophysique, vol. 8, p. 210; 1945.) 

(b) Extraterrestrial electromagnetic noise. 
Work referred to in 323 of 1946 (Appleton), 
1825 of 1946 (Hey: Stratton), and 3599 of 
January (Hey, Parsons, and Phillips) is con-
sidered; see also 402 of March (Appleton). 

(c) Atmospherics. Discussion of the work of 
F. A. Baerson and S. Petersen on the geographic 
distribution in winter of the disturbance centers 
and their relation to air mass and front distribu-
tion. Summer conditions which were studied by 
C. K. M. Douglas are much more complex, and 
it is difficult to draw definite conclusions from 

them. 

523.323:621.396.812  2759 
Effect of the Moon on Radio Wave Propa-

gation —(See 2903.) 

523.746"1947.03"  2760 
A Giant Sunspot —(Nature (London), vol. 

159, p. 396; March 22, 1947.) The sunspot 
group of March 3-17, 1947, was unusually 
large but was not accompanied by exceptional 
geomagnetic disturbances. 

523.78"1946.11.23":621.396.822.029.63  2761 
Micro- Wave  Solar  Noise  Observations 

during the Partial Eclipse of November 23, 
1946 —A. E. Covington. (Nature (London), 
vol. 159, pp. 405-406; March 22, 1947.) Re-
sults on 2800 Mc. from Ottawa, Canada; 
equivalent temperature of noise-generating 
region (2.20 per cent of projected area and 
containing sunspot group) is 1.5X 106° K in ex-
cess of the average surface temperature of 
5.6X 104° K. 

537.591  2762 
Non-Primary Cosmic-Ray Electrons above 

the Earth's Atmosphere —G. J. Perlow and J. 
D. Shipman, Jr. (Phys. Rev., vol. 71, pp. 325-
326; March 1, 1947.) Summary of data ob-
tained from a V-2 rocket experiment on the 
presence of electrons of energy <5X10" e.v. 
above the earth's atmosphere. 

537.591  2763 
Highly Ionizing Particles in the Cosmic 

Radiation —V. Veksler, N. Dobrotin, and V. 
Klivoles. (Jour. Phys. (U.S.S.R.), vol. 9, no. 
4, pp. 277-279; 1945.) 

537.591.15  2764 
Presence of a Penetrating Component in 

Extensive Showers in the Atmosphere —A. 
Mura, G. Salvini, and G. Tagliaferri. (Nature 
(London), vol. 159, pp. 367-369; March 15, 
1947.) Confirmation by an improved experi-
mental technique. 

537.591.15  2765 
The Lateral Extension of Auger Showers — 

D. V. Skobeltzy, G. T. Zateepin, and V. V. 
Miller. (Phys. Rev., vol. 71, pp. 315-317; 
March I, 1947.) 

537.591.15  2766 
Cosmic-Ray  Bursts  in  an  Unshielded 

Chamber and Under One Inch of Lead at 
Different Altitudes -11. Bridge and B. Rossi. 
(Phys. Rev., vol. 71, pp. 379-380; March 15, 
1947.) 

538.71(479.22)  2767 
100 Years of Magnetic Observations at 

Thins ITiflisl —M. Z. Nodia. (Viestnik Akad. 

Nauk (S.S.S.R.), no. 7, pp. 47-53; 1946. In 

Russian.) 

550.384.3(68)  2768 
The Earth's Magnetic Field in Southern 

Africa at the Epoch, July 1, 1930 —E. N. 
Grindley. (Phil. Trans., vol. 240, pp. 251-294; 
April 29, 1947.) Analysis of a large number of 
observations to determine the secular variation 
in the magnetic intensity, declination and in-
clination. Probable "normal" values are shown 
by maps with isomagnetic lines. 

551.510.52:621.396.812.029.64  2769 
Radar Reflections from the Lower Atmos-

phere —H. T. Friis. (Paoc. I.R.E., vol. 35, pp. 
494-495; May, 1947.) Using a 3-centimeter 
radar transmitter and a double-detection re-
ceiver, each with a shielded-lens aerial pointing 
upwards, echoes apparently from stratifications 
in the lower atmosphere have been received on 
clear, calm nights. During the day and on windy 
nights such echoes are usually unobtainable. 

551.510.535  2770 
Note on the [Extent and Density of the] 

Sporadic-E Layer -0. P. Ferrell. (Puoc. I.R.E., 
vol. 35, pp. 493-494; May, 1947.) 

551.510.535 551.506.2(51)  2771 
Ionosphere Reflections and Weather Fore-

casting for Eastern China—E. Gherzi. (Bull. 
Amer. Met. Soc., vol. 27, pp. 114-116; March, 
1946.) Day-time investigations at Zi Ka Wei 
observatory, using 20-watt aerial power on a 
frequency of 6 Mc. show that when the Pacific 
traae wind is dominating the weather, E-layer 
reflections are obtained. When the Siberian air 
mass is predominant, reflections come from the 
F-layer. In general, F2-layer reflections are 
found when tropical air is predominant. With 
approaching typhoons, the E-layer echo be-
comes very strong. It is suggested that similar 
effects might be observed in the eastern parts of 
the United States. 

551.510.535:621.396.11  2772 
The Application of Ionospheric Data to 

Radio Communication Problems: Part 2— 
Appleton and Beynon. (See 2895.) 

551.510.535:621.396.11  2773 
Oblique Radio Transmission in the Iono-

sphere, and the Lorentz Polarisation Term — 
Beynon. (See 2896.) 

551.510.535:621.396.6  2774 
Ionosphere Equipment for Field Use — 

Musselman. (See 2929.) 

551.57:621.396.82 629.135 
551.57:621.319.74 629.135  2775 

Electrostatic Ills and Cures of Aircraft: 
Parts 1 and 2—Beach. (See 2916.) 

551.593.9(54)  2776 
Measurements of the Intensity of the Night 

Sky Light at Calcutta —S. N. Gliosh. (Indian 
Jour. Phys., vol. 20, pp. 205-213; December, 
1946.) Measurements on 50 nights during 1943-
1945 show that on undisturbed nights the in-
tensity decreased to a minimum about local 
midnight and then increased. On disturbed 
nights accompanied by magnetic disturbance, 
the intensity variation  followed  generally 
that of maximum ionization of the F region. 
Other nights, when the night-sky intensity 
varied abnormally but did not follow the elec-
tron density of the F region, were free from 
magnetic disturbance. 

LOCATION AND AIDS 
TO NAVIGATION 

534.88  2777 
Sonar —The Submarine's Nemesis—C. G. 

McProud. (Radio News, vol. 37, pp. 47-49, 
141; March, 1947.) Describes, with photo-
graphs and block diagrams, the RCA QCQ-2 
and the Submarine Signal Co. WCA-2 equip-
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ments and their operational principles. See also 
1750, 1946, and 3605 of January. 

621.396.674:621.396.62  2778 
A Portable Direction Finding Receiver -

J. M. S. Watson. (R.S.G.B. Bull., vol. 22, pp. 
161-164; April, 1947.) Equipment for opera-
tion in the 1.7-Mc. band. 

621.396.93:551.594.6  2779 
The Location of Thunderstorms by Radio 

Direction-Finding -F. Adcock and C. Clarke. 
(Jour. I.E.E. (London), part III, vol. 94, pp. 
118-125; March, .1947. Discussion, pp. 133-
140.) Polarization error due to the presence of 
ionospheric reflections is the main source of 
inaccuracy in the crossed-loop cathode-ray 
direction finders now used. Various systems 
(including time-delay methods) for improving 
the accuracy of location are considered and 
compared. Details are given of an experimental 
10-30 kc. twin-channel cathode-ray direction 
finder, using brilliance modulation to eliminate 
ionospheric components of the lightning pulse 
and errors due to overloading; this direction 
finder has crossed-loop aerials but may be a-
dapted for the spaced-loop or Adcock types. A 
summary was noted in 2126 of August; see also 
1786 of July. 

621.396.93:621.396.677  2780 
The Development and Study of a Practical 

Spaced-Loop Radio Direction-Finder for High 
Frequencies - W. Ross. (Jour. I.E.E. (London), 
part III, vol. 94, pp. 99-107; March, 1947. 
Discussion, pp. 133-140.) The instrument is 
of the rotating type and uses two single-turn 
1-meter square vertical coaxial screened loops 
3 meters apart. The field strength required for 
an arc of silence of ±5° varies from 1.5 to 4 
microvolts per meter for a vertically polarized 
ground wave between 3 and 15 Mc. The instru-
ment is particularly useful for taking bearings 
on steeply incident ionospheric waves, where 
Adcock direction finders are very inaccurate. 
The polarization error which may be intro-
duced by the essentially nonuniform current 
distribution along loops is analyzed and dis-
cussed. Examples of site errors reducing the 
accuracy of the instrument are given. See also 
2783. 

621.396.93:621.396.677  2781 
The Use of Earth Mats to Reduce the 

Polarization Error of U-Type Adcock Direction-
Finders-R. L. Smith-Rose and W. Ross. (Jour. 
I.E.E. (London), part III, vol. 94, pp. 91-98; 
March,  1947.  Discussion,  pp.  133-140.) 
Polarization errors introduced by the buried 
horizontal feeders of a 4-aerial U-type Adcock 
direction finder were found to be greatly re-
duced between 3 and 10 Mc. by an earthed 
wire mat of 0.6-meter square mesh 31 meters 
in diameter (about 5 times the aerial spacing) 
laid symmetrically around the aerial system 
on or near the ground. Earthing the mat was 
found to be essential; on high-conductivity 
ground direct earth connections could be used, 
but on low-conductivity ground it was neces-
sary to connect sets of radial-wire extensions ot 
various lengths to the mat, each set resonating 
roughly independently of the others to provide 
a low-impedance path to earth for the periphery 
of the mat at various frequencies between 3 and 
10 Mc. Provided that the feeders were not too 
large in diameter and were bounded to the mat, 
it was found unnecessary to bury them. The 
polarization error, besides being considerably 
reduced, should  be more independent of 
weather conditions and therefore more accu-
rately predictable. 

621.396.93:621.396.677.029.58  2782 
Site and Path Errors in Short- Wave Direc-

tion-Finding - W. Ross. (Jour. I.E.E. (Lon-
don), Part III, vol. 94. pp. 108-114; March, 
1947. Discussion, pp. 133-140.) Measurements 
made with 4-aerial Adcock and portable rotat-
ing H-type direction finders on sites chosen by 

visual inspection as good, (i.e., flat and open 
over at least 1 km.2) showed that the site 
or path errors varied with the transmitter bear-
ing, frequency (6-15 Mc.) and distance (50-
600 meters and 3-16 km.) in an entirely ran-
dom manner through ± 30 and more for the dis-
tant transmitters. Ground-wave propagation 
was assumed throughout. Explanations are 
given, and it is concluded that a local calibra-
tion for supplying a detailed correction curve 
to observed bearings is not, in general, possible 
in the short-wave band, but may still be useful 
when assessing the over-all reliability of a par-
ticular installation. 

621.396.93:621.396.677.029.62  2783 
An Experimental Spaced-Loop Direction-

Finder for Very High Frequencies -F. Horner. 
(Jour. I.E.E. (London), part III, vol. 94, pp. 
126-133; March, 1947. Discussion, pp. 133-
140.) This direction finder uses two single-
turn  28-centimeter square vertical-coaxial-
screened loops 146 centimeters apart, and 
the field strength required for an arc of silence 
of ± 5° is 20 microvolts per meter for a verti-
cally polarized ground wave between 30 and 
100 Mc. For high-angle waves, (e.g., from air-
craft) it appears to be more accurate than the 
rotating-H Adcock type provided that care is 
taken to eliminate errors due to loop resonances. 
A similar instrument using 92-centimeter loops 
220 centimeteis apart to give increased sensi-
tivity (4 µV/m) at 30 Mc. is described briefly. 
The polarization errors introduced by calibrat-
ng with an elevated transmitter, so close that 
the wave from it has appreciable curvature, 
is evaluated and discussed. See also 2780. 

621.396.93:621.396.677.029.63  2784 
borne Experiments on Conducting Screens 

for a U-Type Spaced-Aerial Radio Direction-
Finder in the Frequency Range 600:1200 
Mc/s -R. R. Pearce. (Jour. I.E.E. (London), 
part III, vol. 94, pp. 115-117; March, 1947. 
Discussion, pp. 133-140.) A simple direction 
finder was used to investigate the effect of large 
earth screens. A metal plate (or a X/12 mesh of 
wire) not less than 4X in diameter was required 
to reduce the polarization error of the direction 
finder to about 1°. 

621.396.96 : 535.37  2785 
Luminescence and Tenebrescence as Ap-

plied in Radar -Leverenz. (See 2796.) 

621.396.96:621.385.832  2786 
A Survey of Cathode-Ray-Tube Problems 

in Service Applications, with Special Reference 
to Radar -Bradfield, Bartlett, and Watson. 
(See 2984.) 

621.396.96 : 621.385.832  2787 
War-Time Developments in Cathode-Ray 

Tubes for Radar -Jesty, Moss, and Puleston. 
(See 2983.) 

621.39696:621.396.1  2788 
Radar Allocations -J. Markus. (Electron-

ics, vol. 20, p. 150; May, 1947.) A note on the 
allocation of the frequency bands 3000-3246 
Mc., 9320-9500 Mc. and 5460-5650 M. for 
shipborne rad,r by the Federal Communica-
tions Commission. 

621.396.96:621.396.812  2789 
A Theory of the Performance of Radar on 

Ship Targets -Wilkes and Ramsay. (See 2904.) 

621.396.96 : 621.396.82  2790 
The War in the Ether -E. B. Addison. 

(Jour. Roy. Aero. Soc., vol. 51, pp. 425-436; 
May, 1947. Discussion, pp. 436-439.) A lecture 
dealing mainly with the use of radio as a 
weapon, and the tactics evolved to use it in the 
defence of Britain and in the protection of our 
bombers when attacking targets in enemy terri-
tory. 

621.396.96.029.64:531.55  2791 
Centimetre Radar for Precision Gun-Lay-

ing -H. A. M. Clark. (Proc. R.S.G.B., no. I, 
pp. 7, 15; Spring, 1947.) Discussion of applica-
tions of radar to naval gunnery with emphasis 
on close-range sets. A 3-centimeter autofollow-
ing set of this type is described in some detail. 

621.396.96  2792 
Principles of Radar. [Book Reviewl-Staff 

of Radar School, Massachusetts Institute of 
Technology.  McGraw-Hill  Publishing  Co., 
London, second edition, 25s. (Wireless Eng., 
vol. 24, p. 155; May, 1947). "It deals with each 
aspect of the whole, wide field of radar with 
equal thoroughness and specialized knowledge, 
while achieving a remarkable consistency of 
treatment and organic unity." 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

533.5:539.163.2.08:620.191.33  2793 
High-Vacuum Leak Testing with the Mass 

Spectrometer - W. G. Worcester and E. G. 
Doughty. (Trans. A.I.E.E. (Elec. Eng., De-
cember Supplement, 1946) vol. 65, pp. 946-
955; December Supplement, 1946.) Discussion, 
p. 1170.) See also 2441 of September. 

533.5:539.163.2.08:620.191.33  2794 
Spectrometer Vacuum Leak Detector -

G. A. Doxey. (Electronics, vol. 20, pp. 142, 194; 
May, 1947.) Cracks are detected in high-vac-
uum systems by measuring leakage of helium 
into the system with a mass spectrometer. See 
also 2441 of September. 

535.37  2795 
Luminescent Materials -S. Gyorgy. (Elek-

trotechnika (Budapest), vol. 39, pp. 70-73 and 
81-86; April and May, 1947. In Hungarian, 
with English, French, and German summaries.) 
A review of the more important luminescent 
materials, with an account of investigations by 
the author and E. Nagy of the band structure 
and temperature dependence of the lumines-
cence of manganese-activated zinc silicate and 
zinc-beryllium silicate phosphors. A relation 
is found between the temperature dependence 
of the luminescence and that of the electrical 
conductivity. 

535.37:621.396.96  2796 
Luminescence and  Tenebrescence [i.e., 

opposite of luminescence) as Applied in Radar 
- H. W. Leverenz. (RCA Rev., vol. 7, pp. 199-
239; June, 1946.) A comprehensive description 
of the properties of phosphors and "scotophors" 
[i.e., opposite of phosphors) developed during 
the war for delay screens for c.r.t. Examples of 
typical radar displays are given; operating volt-
ages were usually limited to 5 kilovolts and 
trace persistences were required up to 30 sec-
onds. The energy imparted per signal pulse for 
typical p.p.i. operation is calculated for dif-
ferent screens and radar images are discussed 
in relation to the properties of the human eye. 
Methods are listed for converting cathode rays 
into visible radiation; only cathode lumines-
cence and cathode tenebrescence have found 
practical application in radar. Ideal and real 
Performances of phosphors and "scotophors" 
are contrasted and an idealized picture given of 
the mechanism of luminescence and tene-
brescence. 

Cascade screens comprising stratified lay-
ers of different phosphors which give an in-
crease in phosphorescence and a decrease in 
initial luminescence largely overcame the dif-
ficulty of low penetration of the cathode rays 
due to the 5 kv. voltage limitation. They are 
operated at low luminescence by using the en-
hanced sensitivity of the dark-adapted human 
eye. 

Long persistent images were produced hav-
ing dark traces on a bright field using (a) nega-
tive modulation of luminescence ("c.r. burn" 
method). and (b) tenebrescent screens of 
"scotophors." Tabular summaries of some of 
the more useful c.r.t. screens are given as an aid 
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to radar indicator designers and there is an ex-
tensive bibliography. 

535.377  2797 
The Thermoluminescence and Conductiv-

ity of Phosphors —R. C. Herman and C. F. 
Meyer. (Jour. App!. Phys., vol. 18, pp. 258-
259; February, 1947.) Correction and adden-
dum to 743 of April. 

537.226.8  2798 
Power Factor and Temperature Coefficient 

of Solid (Amorphous) Dielectrics —M. Gevers 
and F. K. du Pre. (Trans. Faraday Soc., vol. 
42A. pp. 47-55; 1946. Discussion, pp. 75-78.) 
In amorphous dielectrics, including those con-
sisting of a crystalline mass containing many 
lattice irregularities and impurities, the dielec-
tric constant and the power factor are, in gen-
eral almost independent of frequency and the 
ratio of the temperature coefficient of the die-
lectric constant to the power factor is nearly 
constant. An explanation of these properties is 
based on the peculiar structure of such solids. 

537.226.8  2799 
The Distribution of Relaxation Times in 

Dielectrics —C. G. Garton. (Trans. Faraday 
Soc., vol. 42A, pp. 56-60; 1946. Discussion, pp. 
75-78.) The variation of loss angle with fre-
quency in dielectrics is explained by the exist-
ence of a distribution of relaxation times due to 
the presence of elements —dipoles or ions — 
which oscillate between "wells" of varying po-
tential depth whose distribution is determined 
by considerations of temperature and viscosity. 

537.228.1  2800 
Effect of Foreign Ions on the Properties of 

Rochelle-Type  Crytsals —B.  Matthias and 
W. Merz. (Hely. Phys. Ada, vol. 19, pp. 227-
229; July 31, 1946. In German.) All Rochelle-
type crystals have a maximum in the resonance-
frequency temperature curve at a point about 
80° K above the Curie temperature. Addition of 
T1 to KH2PO4 raises both the maximum and 
the Curie temperature by an amount approxi-
mately proportional to the TI concentration. 
The alkali ions produce the opposite effect. 

537.533:1546.26-1 +546.28 
/ 2801 Measurement  of  the  Thermo-Electron 
, Emission from Graphite, Silicon and Silicon 
Carbide—A. Braun and G. Busch. (Hely. 
Phys. Ada, vol. 20, pp. 33-66; February 15, 
1947. In German.) A new method was used, 
the inner wall of the heating chamber serving 
as anode for the emitted electrons. For graph-
ite the constants in the emission formula I 
=A 72e-OlICT were found to be 0=4.39 e.v., 
A= 15 A/cm.2 (°K)2. The corresponding values 
for silicon were 3.59 c.v. and 8 A/cm.2 (°K)2. 
The results for single crystals of silicon carbide 
varied widely depending on the surface layer. 
Tlic results are shown graphically. 

538.221  2802 
A New Magnetic Material of High Per-

meability —O. L. Boothby and R. M. Bozorth. 
(Jour. App!. Phys., vol. 18, pp. 173-176; Feb-
ruary, 1947.) A description of the preparation, 
heat treatment, and properties of "supermal-
boy," a magnetic alloy of iron, nickel, and 
molybdenum. As 0.001-inch insulated tape in 
transformer cores, it has an initial permeability 
of 50,000-120,000, and permits a threefold in-
crease in the frequency range transmitted. 

538.221:621.317.41.029.63  2803 
A Method to Measure Complex Permeabili-

ties of Metals at II.H.F. —Johnson, Rado, and 
Maloof. (See 2852.) 

538.23:669.157.82  2804 
Demagnetizing Coefficients and Hysteresis 

Losses of Rectangular Iron-Silicon Strips — 
E. H. Sondheimer. (Proc. Comb. Phil. Soc., vol. 
43, part 2, pp. 254-261; April, 1947.) Investi-
gation of the variation of the demagnetization 

coefficient N with the dimensions of the speci-
men and its intensity of magnetization. Hys-
teresis loss is approximately independent of N. 

546.431.821:548.3  2805 
Crystal Structure of Barium Titanium Ox-

ide and Other Double Oxides of the Perovskite 
Type —H. D. Megaw. (Trans. Faraday Soc., 
vol. 42A, pp. 224-231; 1946.) Compounds of 
the perovskite type having the empirical for-
mula A24  B" 04 show distortion from the ideal 
structure, depending on the size of the A24  ca-
tion. 

546.431.821:621.315.611.011.5  2806 
The Permittivity of Polycrystals of the 

Perovskite Type —D. F. Rusliman and M. A. 
Strivens. (Trans. Faraday Soc., vol. 42A, pp. 
231-238; 1946.) The main features of the 
dielectric-polarization  phenomena  occurring 
in barium titanate and the mixed Ba/Pb/Sr 
titanates are discussed. The behavior of these 
compounds can be explained by a displacement 
of the equilibrium position of the titanium ion 
in the crystal structure. 

62"1946"  2807 
Progress in Engineering Knowledge during 

1946 —Alger, Stokley, Faust, Robinson, Tug-
man, Kuyper, and Haylon. (See 2996.) 

621.315.6+537.226+621.317  2808 
A General Discussion on Dielectrics — 

(Trans. Faraday Soc., vol. 42A; 1946.) A spe-
cial number incorporating papers and discus-
sions at the conference at Bristol University, 
April 24-26, 1946. For abstracts of selected 
individual papers, see Materials, General Phys-
ics, and Measurements sections. 

621.315.611.015.5+537.529  2809 
Electric Breakdown of Solid Dielectrics — 

A. von Hippel. (Trans. Faraday Soc., vol. 42A, 
pp. 78-87; 1946. Discussion, pp. 87-90.) The 
experimental facts are described for both crys-
talline and amorphous solids and the theory is 
propounded that excess electrons, accelerated 
in the applied field, produce impact ionization, 
avalanche formation, and breakdown. In the 
author's opinion in the absence of an applied 
field, these electrons are stopped by a friction 
harrier of lattice vibrations in the material. In 
the discussion various alternative theories are 
put forward. 

621.315.612.015.5  2810 
The Electrical Performance of Ceramic 

Dielectrics at Elevated Temperatures —H. A. 
Frey and J. M. Jesatko. (Trans. A.1 .E. E. (Elec. 
Eng., December Supplement, 1946), vol. 65, pp. 
911-920; December Supplement, 1946. Discus-
sion, pp. 1126-1128.) Data on the variation of 
resistivity  with  temperature  of  porcelain, 
steatite, glass, and zircon compositions; the 
effect of voltage gradient is also stated, and a 
method given for determining approximately 
the conditions for breakdown. 

621.315.612.3.029.5  2811 
Steatite for High Frequency Insulation — 

J. M. Gleason. (Proc. I.R.E. (Australia), vol. 
5, pp. 2-12; April, 1945.) A detailed account of 
the physical and electrical properties of steatite 
and steatitic ceramics, with a short discussion 
of production methods and insulator design. 

621.315.616.9.011.5+541.64  2812 
The Dielectric Properties of High Polymers 

— R. B. Richards. (Trans. Faraday Soc., vol. 
42A, pp. 194-197; 1946.) 

621.315.616.9.011.5.029.5  2813 
The Dielectric Properties of Chlorinated 

Polythenes at Radio Frequencies — W.  G. 
Oakes and R. B. Richards. (Trans. Faraday 
Soc., vol. 42A, pp. 197-205; 1946.) Measure-
ments over the range 104-10 cycles. Increase of 
the average dipole orientation relaxation time 
with increase of chlorine content is in accord 
with the change from a flexible or rubbery to a 
rigid state. 

621.315.616.9.011.5.029.5  2814 
Dipole Orientation in Solutions of Esters in 

Polyisobutene and Polythene —K. W. Pless-
ner and R. B. Richards. (Trans. Faraday Soc., 
vol. 42A, pp. 206-213; 1946.) Power factor and 
frequency curves are given for the range 104-102 
cycles and are discussed with reference to re-
laxation times and dipole orientation. 

621.315.616.9.029.5: 678 : 621.317.1.011.5  2815 
Dielectric Dispersion and Absorption in 

Natural Rubber, Neoprene, Butaprene N M and 
Butaprene S, Gum, and Thread Stocks — W. C. 
Carter, M. Magat, W. C. Schneider, and C. P. 
Smyth. (Trans. Faraday Soc., vol. 42A, pp. 
213-220; 1946.) The dielectric constants of 
various elastomers, gums and treads were meas-
ured over a wide range of frequency. The re-
sults obtained show reasonable agreement with 
predictions from the Fuoss-Kirkwood theory. 
The abnormally high losses of tread stocks are 
due to a superposition of Debye effect, Max-
well- Wagner effect, and d.c. conductance. 

621.318.323.2.042.15  2816 
Iron-Dust Cores —G. H. M. Gleadle. (Wire-

less Eng., vol. 24, pp. 156-157; May, 1947.) Re-
sults are given of measurements on Ferrocart 
rings. See also 1692 and 1693 of July. 

621.396.611.21 +537.228.1  2817 
Quartz Oscillators —Vigoureux. (See 2703.) 

621.775.7:6 1.396  2818 
Powder Metallurgy and Its Application to 

Radk, Engineering —N. Fetherston and L. W. 
Cranch. (Proc. I.R.E. (Australia), vol. 5, pp. 
3-14; May, 1945.) Applications of powder met-
allurgy include the production of self-lubricat-
ing bearings, porous metal filters, Alnico per-
manent magnets,  tungsten rods for wire 
drawing, silver-graphite and silver-tungsten 
contacts, iron-dust cores, etc. The methods 
used for obtaining powdered copper and iron, 
sintering processes, and the manufacture of 
iron-dust cores are described. The selection of 
the grade of magnetic material best suited for a 
specified frequency application is discussed, 
and practical applications of iron-dust cores of 
various types are given. 

666.1:621.385  2819 
Glass in the Radio Industry —F. Violet, 

A. Danzin, and A. Commin. (Ann. Radio- • 
elec., vol. 2, pp. 24-74; January, 1947.) An ac-
count of the development of glass technique in 
tube manufacturing, showing how research on 
glass composition, expansion coefficients, the 
physics of glass-to-metal seals, etc., has led to 
a progressive replacement of empirical by sci-
entific processes. A detailed description is given 
of modern mass-production methods of manu-
facturing tube feet with projecting pins. 

669.152.5  2820 
New Magnetic Alloy —(Elec. Times, vol. 

III, p. 437; April 17, 1947.) "Hiperco," consist-
ing of 35 per cent cobalt, 64 per cent iron, and 
1 per cent chromium gives the highest satura-
tion point of any magnetic material yet known. 

669.198.1:669.5  2821 
A New Zinc-Base Finish for Steel Parts — 

J. A. Williams. (Materials and Methods, vol. 25, 
pp. 95-96; March, 1947.) Method of zinc plat-
ing which gives a hard, long-wearing surface 
with the appearance of chromium plating and 
has greater corrosion resistance than tin fin-
ishes formerly used. 

669.45.778:621.315.22  2822 
F3 Lead Alloy —An Improved Cable Sheath-

ing —L. F. Hickernell and C. J. Snyder. (Trans. 
A.I.E.E. (Elec. Eng., December Supplement, 
1946) vol. 65, pp. 1136-1141.) Discussion on 
3647 of 1946. 

621.318.22:669  2823 
Magnet Steels and High Performance Mag-
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net Alloys [Book Review}— W. Jessop and Sons, 
Sheffield. (Overseas Eng., vol. 20, p. 278; March, 
1947.) Gives information on metallurgical as-
pects of the manufacture of permanent mag-
nets, with a résumé of the theory of magnetiza-
tion, demagnetization, and artificial aging. The 
properties and treatment of various alloys are 
tabulated. 

679.5  2824 
Plastics for Production (Book Review"— 

P. I. Smith. Chapman and Hall, London, 216 
pp., 15s. (Elec. Rep. (London), vol. 140, p. 586; 
April 11, 1947.) 

MATHEMATICS 

517.512.2:621.396.67  2825 
Fourier Transforms in Aerial Theory: Part 

1—Ramsay. (See 2680.) 

518.2  2826 
Table of the Integral (2/1r)fir(1/0tanh-1 

I di—M. S. Corrington. (RCA Rev., vol. 7, pp. 
432-437; September, 1946.) A 5-figure table 
for the range x 0 to 1, with detailed explana-
tion of the methods of computation and check-
ing. 

518.5  2827 
Analysis of Problems in Dynamics by Elec-

tronic Circuits —J. R. Ragazzini, R. H. Randall, 
and F. A. Russell. (Paoc. I.R.E., vol. 35, pp. 
444-452; May, 1947.) A method of solving in-
tegro-differential equations of physical systems 
by the use of an electronic system, the basic 
component of which is a stabilized feedback 
amplifier which, by external changes in connec-
tions, may be used as integrator, differentiator, 
or sign changer. The application of such ampli-
fiers in systems for the solution of linear first-
degree equations, simultaneous integro-differen-
tial equations, and equations with variable 
coefficients is considered. 

518.5  2828 
Mercury Memory Tanks in New EDVAC 

[Electronic  Discrete  Variable)  Computer — 
(Electronics, vol. 20, pp. 168-176; May, 1947.) 
A tube containing mercury has an X-cut quartz 
crystal at each end in intimate contact with the 
mercury. Electrical pulses, spaced 1 ps. apart, 
are converted by one crystal into ultrasonic 
pulses which travel relatively slowly through 
the mercury. These are reconverted to electri-
cal pulses by the second crystal, amplified and 
fed back into the first crystal producing a closed 
cycle of stored pulses. Multiple electronic 
switch or gate circuits introduce or withdraw 
any pulse as required so that a low-loss storage 
device is provided capable of storing eight 10-
digit numbers and referring to any one in an 
average time of 200 as. 

519.28:52/59  2829 
Choice of a 'Reality Index' for Suspected 

Cyclic Variations —W. 0. Kermack and %V. 
Gleissberg. ( Nature (London), vol. 159, pp. 
305-306; March 1, 1947.) A criticism of Gleiss-
berg's application of his "reality index" to 
data concerning sunspot maxima (1496 of 
June). 

538.566:621.396.677.029.64  2830 
Electromagn6tic Fields in a Paraboloidal 

Reflector—E. Pinney. (See 2687.) 

517.432.1  2831 
Heaviside's Operational Calculus Made 

Easy [Book Review}—T. H. Turney. Chapman 
and Hall, London, 2nd ed., 1947, 102 pp., 10s. 
6d. (Distrib. Elec., vol. 19, p. 242; April, 1947.) 
Embodies some additional information and, in 
some instances, more detailed explanations. 
For review of first edition see 1253 of 1945. 

MEASUREMENTS AND TEST GEAR 

621.317+621.315.6+537.226  2832 
A General Discussion on Dielectrics—(Sec 

280f1.) 

621.317.081.3+53.081.3  2833 
International Committee of Weights and 

Measures —(Nature (London), vol. 159, pp. 
325-326; March 8, 1947.) Includes a recom-
mendation that absolute electrical units based 
on the m.k.s. or c.g.s. system should be sub-
stituted for the present international electrical 
units based on the mercury ohm and the silver 
voltameter. The ratios accepted by the Com-
mittee are: 

1 mean international ohm...1.00049 ohm 
(absolute) 

1 mean international volt  1.00034 volt 
(absolute). 

621.317.081.3+53.081.3  2834 
Absolute  Electrical  Units —(Elec.  Rev. 

(London), vol. 141, p. 94; July 18, 1947.) In ac-
cordance with decisions taken by the Interna-
tional Committee of Weights and Measures 
(2832 above) the system of electrical units em-
ployed at the National Physical Laboratory 
will be changed on January 1, 1948, from "in-
ternational" to "absolute" units. The condi-
tions to be satisfied for the issue of N.P.L. cer-
tificates after this date are stated. 

621.317.1:621.396.621.029.62  2835 
The Testing Procedure for F. M. V.H.F. 

Receivers—Fanker and Ratcliffe. (Set 2912.) 

621.317.32: 61.396.81 : 621.396.97  2836 
BC (Broadcasting) Field Intensity Measure-

ments —(Tele-Tech, vol. 6, pp. 64-65; April, 
1947.) A portable set covering the frequency 
range 200-7000 kc. in four bands and with an 
intensity range from 20 V. per meter to 10 
volts per meter. 

621.317.33 : 621.392.43  2837 
Impedance Measurement on Transmission 

Lines —King. (See 2673.) 

621.317.33.011.5+535.3411:537.226.029.64 
2838 

Extension of the Measurements of Disper-
sion and Absorption by Liquids, to the Region 
of Centimetric Radio-Electric Waves —Abadie. 
(See 2730.) 

621.317.33.011.5+535.3411:537.22 6.2.029.64 
2839 

Wave Guide Measurements of Dielectric 
Absorption of Solutions of Polar Substances in 
Non-Polar Solvents —H. W. Hall, I. G. Halli-
day, W. A. Johnson, and S. Walker. (Trans. 
Faraday Soc., vol. 42A, pp. 136-143; 1946. Dis-
cussion, pp. 155-170.) Variation of dielectric 
absorption with viscosity at 10-14  c.p.s. 

621.317.33.011.5+535.3411:621.315.615.029.64 
2840 

Some Measurements on the Absorption of 
Centimetric Waves by Liquid Dielectrics — 
F. J. Cripwi.11 and G. B. B. M. Sutherland. 
(Trans. Faraday Soc., vol. 42A, pp. 149-152; 
1946. Discussion, pp. 155-170.) 

621.317.33.011.5 + 535.34114 621.315.615.2.029 
5/.6  • 2841 
Dielectric Absorption in Benzene and Liquid 

Paraffin Solutions at Ultra High Frequencies — 
W. Jackson and J. G. Powles. (Trans. Faraday 
Soc., vol. 42A, pp. 101-108; 1946. Discussion, 
pp. 155-170.) The variation of loss angle with 
frequency conforms to the original Debye 
theory. Experimental arrangements are de-
scribed. 

621.317.33.011.5+535.3411:621.315.615.9.029. 
64  2842 

Measurements on the Absorption of Micro-
waves: Parts 1 and 2—D. H. Whiffen and 
H. W. Thompson. (Trans. Faraday Soc., vol. 
42A, pp. 114-129; 1946. Discussion, pp. 155-
170.) The results of measurements of the ab-
sorption of 1.27 centimeter- and 3.26 centimeter-
waves and of absorption by temperature varia-
tions in a number of liquid hydrocarbons are 

presented and discussed in relation to relaxa-
tion phenomena. 

621.317.33.011.5.029.64:537.226.8  2843 
The Representation of Dielectric Properties 

and the Principles Underlying Their Measure-
ment at Centimeter Wavelengths— W. Jack-
son. (Trans. Faraday Soc., vol. 42A, pp. 91-101; 
1946. Discussion, pp. 155-170.) The representa-
tion of the electrical properties of dielectric 
media is explained and resonance methods of 
measuring them are compared with the stand-
ing-wave method. It is stressed that very great 
care is necessary in the designing of the stand-
ing-wave detector system. 

621.317.33.011.5.029.64 : 546.212  2844 
Dielectric Properties of Water —C. H. Col-

lie, D. M. Ritson, and J. 13. Mated. (Trans. 
Faraday Soc., vol. 42A, pp. 129-136; 1946. 
Discussion, pp. 155-170.) Description of the 
apparatus used in measurementsat wavelengths 
of 10.0 and 1.25 centimeters, over the tempera-
ture range 0 degrees to 100 degrees centigrade. 
Experimental results are given and briefly dis-
cussed. 

621.317.33.011.5.029.64:546.212-16  2845 
Measurements of the Dielectric Properties 

of Ice —J. Lamb. (Trans. Faraday Soc., vol. 
42A, pp. 238-244; 1946.) Measurements were 
made (a) at a frequency of 1010 c.p.s. over the 
temperature range 0 to —40 degrees centi-
grade; and (b) at a temperature of —5 degrees 
centigrade, over the frequency range 8X10' 
—1.25 X 104 c.p.s. The loss-factor teniperature 
curve for 1010 c.p.s. shows a sharp elbow at 
about —5 degrees centigrade, above which 
temperature the loss factor increases rapidly. 
Possible explanations of this are suggested. 

621.317.33.011.5.029.64:621.315.611  2846 
Some Measurements of the Permittivity 

and Power Factor of Low Loss Solids at 25000 
Mc/s  Frequency —R.  P.  l'enroe.  (Trans. 
Faraday Soc., vol. 42A, pp. 108-114; 1946. Dis-
cussion, pp. 155-170.) Dielectric properties 
were investigated by using a flat circular disk 
of dielectric inserted at one end of an Ho-mode 
cylindrical cavity resonator and measuring the 
consequent variation in resonant length. The 
derivation of permittivity and power factor is 
explained and the experimental' accuracy dis-
cussed. 

621.317.333:621.319.53  2847 
A 2}-Million Volt Surge Generator—(Engi-

neer (London), vol. 183, p. 273; March 28, 
1947.) For testing cables and insulating mate-
rials. 

621.317.333.82:620.179.1:621.315.2  2848 
The Henley 1,200,000 Volt Impulse Testing 

Plant: Part 1: The Basic Principles for Cable 
Testing —T. R. P. Harrison. (Dislrib. Elec., 
vol. 19, pp. 224-227; April, 1947.) The basic 
circuit and operation of many stages in cascade 
are described and waveform control and the 
effect of the circuit inductance discussed. For 
voltage measurement a c.r.o. is used with a ca-
pacitor-type potential divider. 

621.317.361 +531.761  2849 
W WV  Schedules —(Electronics, vol.  20, 

p. 87; May, 1947.) A summary of the standard 
frequency transmissions from the National Bu-
reau of Standards, Washington, D. C. 

621.317.382.029.6  2850 
Microwave Power Measurement —T. Mo-

reno and 0. C. Lundstrom. (Pitoc. 1.R.E., vol. 
35, pp. 514-518; May, 1947.) "Possible meth-
ods of microwave power measurement are ro-
viewed. The design requirements for bolo-
metric wattmeters are outlined, and examples 
are given of bolometer elements that have been 
developed to meet these requirements. A re-
cently developed bolometer element that may 
be used over an exceedingly wide band of fre-
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quencies is included. The results of experiments 
to investigate sources of error and to determine 
the accuracy of these wattmeters are summa-
rized. These experiments indicate that, al-
though serious errors are possible, proper usage 
will hold errors to within a few per cent." 

621.317.39:531.76:621.3.015.33  2851 
Pulse Width Measuring Method —(Tele-

Tech, vol. 6, p. 57; April, 1947.) An instrument 
with an accuracy of one-fourth as. for pulse 
widths of 3 to 12 as. independent of repetition 
frequency. 

621.317.41.029.63:538.221  2852 
A Method to Measure Complex Permeabil-

Ries of Metals at U.H.F. —M. H. Johnson, 
G. T. Rado, and M. Maloof. (Phys. Rev., vol. 
71, p. 472; April 1, 1947.) Summary of Ameri-
can Physical Society paper. The method in-
volves measurement of the changes in Q and in 
the resonant frequency when a metal is sub-
stituted for the ferromagnetic center conductor 
in a coaxial resonator. 

621.317.72.029.56/.58 : 621.392.43  2853 
The "Micromatch n— M.  C.  Jones and 

C. Sontheimer. (QST, vol. 31, pp. 15-20; April, 
1947.) A meter for direct measurement of the 
standing wave ratio of transmission lines and 
r.f. power. It operates over the frequency range 
3 to 30 Mc. and for line impedances of 70 to 300 
11 and, as a power meter at maximum sensitiv-
ity, has a full scale deflection corresponding to 
approximately 10 watts or 40 watts with a 70-12 
or 300-12 line respectively. 

621.317.733  2854 
Considerations on the Equations of Balance 

of an A.C. Wheatstone Bridge —M. Romanow-
ski and G. Leclerc. (Gen. Elec. Rev., vol. 56, pp. 
129-132; March, 1947.) Discussion of the clas-
sical methods for reducing the effects of para-
sitic capacitance and an account of a method, 
due to J. Carvallo, of eliminating the effect of 
the capacitances localized at the corners of the 
bridge. The case where an intermediate point 
on one of the arms has appreciable capacitance 
to earth is also considered. 

621.317.75.029.64  2855 
Microwave Spectrum Analyzers —H. R. 

Traver and F. L. Burioughs. (Tele-Tech, vol. 
6, pp. 35-38; April, 1947.) Details of sharply 
tuned superheterodyne receivers whose fre-
quency of reception is made to sweep across the 
frequency spectrum at a rate slow compared 
with the pulse repetition frequency of the os-
cillator being studied. Details are given of an 
analyzer for 9300 Mc. using a reflex klystron as 
local oscillator. 

621.317.761.087  2856 
Direct Frequency Measurement —L. M. 

Berman. (Electronics, vol. 20, pp. 202-208; 
May, 1947.) Summary of 2504 of September. 

621.317.79:621.396.611  2857 
Automatic  [Circuit]  Testing  Machine — 

(Thule la Radio, vol. 14, pp. 144-145; May, 
1947.) A short account of the principles and 
operation of the apparatus described by Wil-
liams, Marshall, Bissmire, and Crawley (2181 of 
August). 

621.396.615.12:621.317.79  2858 
Standard  Frequency  Generator —S.  J. 

Haefner and R. H. Smith. (Tele-Tech, vol. 6, 
pp. 58-59; April, 1947.) Push-button opera-
tion gives frequencies from 40 kc. to 1000 kc. 
In steps of 40 kc. With an interpolation oscilla-
tor continuously variable from 10 kc. to 50 kc. 
any frequency in the above range is obtained. 

621.396.615.17:621.396.822  2859 
Noise Signal Generator — W. P. Dolphin. 

(R.S.G.B. Bull., vol. 22, pp. 158-160; April, 
1947.) The noise factor is defined and it is 
shown that a noise generator gives a true value 

for the signal-to-noise ratio independent of the 
bandwidth of the receiver. The generator con-
sists of a saturated diode with a resistive load, 
the noise output being controlled by varying 
the filament current. A practical account of 
the technique for frequencies up to 100 Mc. is 
given and other uses of the generator are indi-
cated. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

535.61-15: 621.317.755: 535.33  2860 
An Infra-Red Spectroscope with Cathode-

Ray Presentation —E. F. Daly and G. B. B. M. 
Sutherland. (Proc. Phys. Soc., vol. 59, pp. 77-
87; January 1, 1947.) An instrument by means 
of which a range of 2.5 to 3.58, anywhere be-
tween 1 and 16a, can be scanned in 14 seconds. 
See also 3373 of 1946. 

535.61-15:621.383.001.8  2861 
An Infrared Image Tube and Its Military 

Applications —G. A. Morton and L. E. Flory. 
(RCA Rev., vol. 7, pp. 385-413; September, 
1946.) Description of components of infrared 
electron telescope, comprising image tube, ob-
jective for forming infrared image on photo-
cathode and optical system for viewing repro-
duced image. 

535.61-15:621.389  2862 
Infra-Red Ray Development —(Electrician, 

vol. 138, pp. 933-934; April 11, 1947.) British 
equipment, perfected in 1941, consists funda-
mentally of a small vacuum container with two 
flat parallel sides, spaced about 0.5 centimeter 
apart, lying at right angles to the axis of a 
telescope. One side supports a caesium-silver 
infrared-sensitive  photocathode,  while  the 
other is coated with fluorescent material and is 
electrically conducting. A d.c. potential of 3-4 
kv., derived from a small Zamboni pile, is 
maintained between the photocathode and the 
anode. Radiation from an infrared source, after 
filtering out any visible component, is focused 
on the photocathode, the electrons from which 
give an image on the fluorescent screen. With 
infrared headlights and binoculars the system 
was largely used for night driving. The smallest 
British receiver, a single eyepiece model, weighs 
only one and one quarter pounds, compared 
with 16 pounds for the German equivalent. See 
also 2207 of August. 

536.48  2863 
Possible Use of Thermal Noise for Low 

Temperature Thermometry —E. Gerjuoy and 
A. T. Forrester. (Phys. Rev., vol. 71, pp. 375-
376; March 15, 1947.) Further comment on 
483 of March: see also 2185 of August. It is 
shown, theoretically, that the minimum meas-
urable temperature, under given conditions, is 
about 2 degrees Kelvin. 

537.531  2864 
The Physical Properties of Super-Voltage 

X Rays —H. Miller. (Radiography, vol. 13, pp. 
37-41; April, 1947.) A general account, with 
special reference to voltages ranging up to 20 
my., whose use for X-ray therapy gives prom-
ise of valuable new possibilities. 

539.16.08  2865 
Spread of Discharge in Geiger Counters — 

J. D. Craggs and A. A. Jaffe. (Nature (Lon-
don), vol. 159, pp. 369-370; March 15, 1947. 

539.16.08  2866 
Simplified Spark Counter —H. Greinacher. 

(Hely. Phys. Ado, vol. 20, pp. 222-224; April 
30, 1947. In German.) Uses a symmetrical spark 
gap with small platinum-ball electrodes sealed 
In a glass bulb. This is connected in series with 
a 0.5-M ft resistor shunted by a small capaci-
tor, a neon lamp, a telephone earpiece, and the 
secondary of a transformer giving about 2200 
volts. A tube with a thin end is sealed Into the 
glass bulb to allow the counter to be used for 

a-particles. Telephone clicks, though weak, are 
quite audible and the glow tube is bright 
enough for photographic recording of a, /3, or 
7 rays on a moving film, using a narrow slit. 

539.16.08  2867 
A Method for Measuring the Velocity of 

the Ion Transfer in Rapid Counter Tubes — 
P. Huber, F. Alder, and E. Baldinger. (Hely. 
Phys. Ada, vol. 19, pp. 204-206; July 31, 1946. 
In German.) 

539.16.08 : 621.318.572.015.33  2868 
On the Pulse Shape in Rapid Counter Tubes 

—P. Huber, F. Alder, E. Baldinger, and F. 
Metzger. (Help. Phys. Ada, vol. 19, p. 207-
211; July 31, 1946. In German.) 

539.16.08 : 621.383  2869 
The Multiplier as a Counter for Elementary 

Particles —K. P. Meyer. (Hely. Phys. Ada, 
vol. 19, pp. 211-214; July 31, 1946. In German.) 

621.317.39:531.719.27  2870 
Rate-of-Change Meter —R. W. Treharne, 

J. A. Kammerer, and R. Hofstadter. (Electron-
ics, vol. 20, pp. 106-107; May, 1947.) "Vans-
tor-compensated circuit converts nonlinear 
voltage variables into linear voltage variables. 
Application in radio altimeters shows rate of 
climb directly, with short time lag." 

621.317.39: 621.396.645: 539.4  2871 
Carrier-Type Amplifier for Electric Gages — 

H. C. Roberts. (Electronics, vol. 20, pp. 92-95; 
May, 1947.) An RC-coupled amplifier for use 
with various types of electrical gauge circuits 
in static and dynamic tests on strains, pres-
sures, etc., in railway rolling stock, bridges, and 
tracks. 

621.317.39.083.7 : 629.13  2872 
Radio Telemetering for [Dynamic] Testing 

[of] Aircraft in Flight —C. L. Frederick. (Trans. 
A.I.E.E. (Elec. Eng., December Supplement, 
1946.) vol. 65, pp. 861-870.) Description of sta-
bilized  oscillators modulated  by  metering 
equipment; regulated power supplies; f.m. 
transmitter; automatic frequency-controlled 
receiver; and heterodyne analyzer used by the 
United States Navy in 1945. 

621.357.8: 537.533.73  2873 
Electron Diffraction Examination of Elec-

trolytically Polished Surfaces —J. J. Trillat. 
(Coin pi. Rend. Acad. Sct. (Paris), vol. 224, pp. 
1102-1103; April 14, 1947.) Tests carried out 
on samples of pure iron, aluminum, and copper 
show that electrolytic polishing causes the 
Beilby layer to disappear to an extent depend-
ing upon the duration of the operation. The 
nature of the bath appears to play an impor-
tant part in the case of aluminum, a metal eas-
ily oxidized. 

621.365.5+621.365.92  2874 
Industrial Applications of High Frequency 

— M. Descarsin. (I:Unite Elec , vol. 27, pp. 
121-137; April, 1947.) Basic principles, histori-
cal nevelopment, and numerous applications 
of both induction and dielectric heating. 

621.365.5:538.2  2875 
Theory of the Heating of Ferromagnetic 

Materials by Eddy Currents and by Hysteresis 
—Jouguet. (See 2752.) 

621.365.52  2876 
Design of Induction Heating Coils for Cylin-

drical Magnetic Loads. —J. T. Vaughan and 
J. W. Williamson. (Trans. A.I.E.E. (Elec. 
Eng. December Supplement, 1946), vol. 65, pp. 
887-892. Discussion, pp. 1165-1166.) Exten-
sion of previous paper (148 and 2271 of 1946) to 
design of coils for magnetic loads. Variation in 
impedance of coil circuit with changing tem-
perature necessitates special design of circuit 
to absorb maximum power. See also 2271 of 
1946. 
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621.365.92.072.8  2877 
High Frequency Heating—J. F. Capper. 

(Elec. Times, vol. 111, pp. 417-421; April 17, 
1947.) Discussion of methods and advantages 
of automatic loading control. 

621.369.2  2878 
Some Applications of Infra-Red Lamp Ra-

diation to Treatment [of Materials], Drying 
[of leather, etc.] and Baking [of Paints and 
Varnishes1—M. Deribere. (Gin. Elec. Rev., vol. 
56, pp. 71-74; February, 1947.) 

621.38.001.8  •  2879 
The Elecgrical Engineer in the Service of 

Other Industries—H. C. Turner and G. M. 
Tomlin. (Beama Jour., vol. 54, pp. 57-64; 
February, 1947.) Abridgment of I.E.E. Meas-
urement Section paper. A description of vari-
ous electronic instruments used in test proc-
esses, including a magnetic sorting bridge for 
indicating variations in purity, heat treatment, 
hardness, and depth of carburization in steels. 
Two types of vibration analyzer are described 
and details given of the use of supersonic equip-
ment in metal testing and measurement of 
thickness of metallic films. 

621.38.001.8:621.317  2880 
Valves and Their Industrial Low-Current 

Applications—F. Fanchamps. (Bull. Sci. Ass. 
Inst. Electrotech. (Montefiore), vol. 60, pp. 11-
34; January, 1947.) Describes the basic prin-
ciples of tube methods of measurement of vari-
ous quantities, with applications in engineering 
and automatic control. 

621.383.4 
High-Sensitivity 

Hewlett. (See 2972.) 

2881 
Photoconductive Cell-

621.384.6.07  2882 
Stabilizing Linear Particle Accelerators by 

Means of Grid Lenses —D. Gabor. (Nature 
(London), vol. 159, pp. 303-304; March 1, 
1947.) The mode of action of grid lenses is out-
lined, and their advantages described. "Grid 
lenses may well compete with beryllium foils in 
the stabilization of linear accelerators for ex-
treme energies." 

621.385.833:[538.311+621.316.971.083  2883 
Measurement of Feeble Magnetic Fields 

and of the Effects of Shielding. Application to 
the Electron Microscope —Charles. (See 2753.) 

621.386.1:544  2884 
Apparatus and Techniques for Practical 

Chemical Identification by X-Ray Diffraction— 
C. S. Smith and R. L. Barrett. (Jour. Appi. 
Phys., vol. 18, pp. 117-191; February, 1947.) 

621.398:621.397.6  2885 
Miniature Airborne Television Equipment 

—Kell and Sziklai. (See 2961.) 

621.398:629.13  2886 
Guide-Beam Control Technic for V-2 Rock-

ets—G. Hausz. (Tele-Tech, vol. 6, pp. 76-80; 
March, 1947.) The Leitstrahl (Ls) system op-
erated on frequencies in the range 42-64 Mc. 
and used two narrow beams from a transmitter 
5 to 10 miles behind the launching point and 
on the line from there to the target. The beams 
were directed at angles of 0.4 degree on either 
side of this line, that on the left being modu-
lated at 5 kc. and the other at 7 kc. The two 
beams were switched on alternately for 0.01 sec-
ond. In the missile, equal amplitude signals 
were only received when on course. Deviations 
gave rise to an error voltage which was ap-
plied to control circuits to correct the devia-
tions. The high accuracy obtained was largely 
due to the aerial assembly, which consisted of 
two horizontal X/2 dipoles, 220 yards apart, 
giving a system of very narrow beams, only two 
of which were used. A capacitor switching sys-
tem was employed. Details of the transmitter-
wagon and missile-borne equipments are given, 

with block diagrams. See also 2512 of Septem-
ber. 

621.398 : 629.13 : 621.397.6  2887 
Flying Torpedo with an Electric Eye — 

Zworykin. (See 2962.) 

621.398 : 629.135.52  2888 
Radio Control of Model Flying Boats — 

V. Welge. (Paoc. I.R.E., vol. 35, pp. 526-530; 
May, 1947.) Control is effected by variations 
in amplitude of seven audio modulating tones 
on a carrier in the frequency band 116.0 to 
118.5 Mc. 

PROPAGATION OF WAVES 

621.396.11  2889 
On the Field of Radio Waves Between Two 

Semiconducting [Imperfectly Conducting] Sur-
faces —P. A. Ryazin and L. M. Brekhovskikh. 
(Bull. Acad. Sci. (U.R.S.S.), sir. phys., vol. 10. 
no. 3, pp. 285-305; 1946. In Russian.) Starting 
from Maxwell's equations and boundary con-
ditions (2) the case is discussed where the field 
is excited by a vertical dipole located in the in-
termediate non-conducting space at any arbi-
trary height above the lower medium. The 
boundary surfaces of the media are assumed to 
be fiat and parallel (Fig. 1). The problem is thus 
similar to that of the propagation of radio wave 
between the surface of the earth and the 
ionosphere if the above assumptions can be ap-
plied to the latter case. 
The main results obtained are: (a) At large 

distances the waves in the intermediate air 
layer are of the surface type as distinct from the 
space type. (b) The variation of the intensity 
and phase of radio waves near the earth sur-
face is calculated. Sommerfeld's solution tak-
ing into account only one boundary surface is 
a particular case of the more general theory de-
veloped in this paper. (c) The phase velocity of 
waves, at least of the longer wavelengths, ex-
ceeds the velocity of light. (d) It is confirmed 
that the attenuation factor in Austin's and 
other empirical formulas is of exponential form. 

621.396.11  2890 
On the Propagation and Dispersion of Ra-

dio Waves—V. A. Fock. ( Viestnik Akad. Nauk 
(S.S.S.R.), no. 3, pp. 23-34; 1946. In Russian.) 
A general elementary survey introducing meth-
ods developed by the author. 

621.396.11:538.566  2891 
Diffraction of Radio Waves Around the 

Earth's  Surface —V.  Fock.  (Jour.  Phys. 
(U.S.S.R.), vol. 9, no. 4, pp. 255-266; 1945.) 
Full paper, of which a summary was noted in 
160 of 1946. 

621.396.11:551.5  2892 
The Mode Theory of Tropospheric Refrac-

tion and Its Relation to Wave-Guides and Dif-
fraction—H. G. Booker and W. Walkinshaw. 
(Physical Society Special Report on Meteorologi-
cal Factors in Radio- Wave Propagation, pp. 80-
127.) The bearing of the theory of wave-
guides upon refraction, particularly of radio 
waves, in the troposphere and upon diffrac-
tion beyond.the horizon is explained in detail. 
Propagation curves suitable at any rate for a 
qualitative description of the effects of tropo-
spheric radio refraction are given. Atmospheric 
propagation may be described in terms of a 
series of characteristic E- or H-waves similar 
to those which can travel between parallel 
metal sheets. The lower edge of the track of 
these waves often, but not always, coincides 
with the earth's surface. The height of the up-
per edge depends on the distribution of refrac-
tive index with height and upon the order of the 
mode involved. 
Beyond the horizon the El- or Hi-wave be-

comes predominant. Normally all the charac-
teristic waves leak copiously from the tops of 
their tracks, but under conditions of superre-
fraction the degree of this leakage is reduced 
and may even be entirely suppressed for the 

first mode at meter wavelengths and below. 
This wave can then produce at long range a 
remarkably high field strength within its track. 

621.396.11 : 551.5  2893 
A Variational Method for Determining 

Eigen-Values of the Wave Equation Applied to 
Tropospheric Refraction —G. G. Macfarlane. 
(Proc. Camb. Phil. Soc., vol. 43, Part 2, pp. 213-
219; April, 1947.) A general method of solution 
for both real and complex eigen-values cor-
responding to any type of atmospheric refrac-
tive index profile. There existed previously two 
methods of analysis for problems on the 
tropospheric refraction of radio waves, the 
perturbation method applicable to cases where 
energy leaks considerably from an atmospheric 
duct, and Rayleigh's method, which may be ap-
plied in the case of real eigen-values, or trapped 
modes of propagation. The present work may 
be considered as an extension of Rayleigh 
method to the case of complex eigen-values. An 
example is given of the use of the method when 
the refractive index varies with height accord-
ing to a power law. See 2894 and 2892. 

621.396.11:551.5  2894 
A Method for Deducing the Refractive-In-

dex Profile of a Stratified Atmosphere from 
Radio Observations—G. G. Macfarlane. (Phys-
ical Society Special Report on Meteorological 
Factors in Radio- Wave Propagation, pp. 250-
252.) A profile of refractive index can be ob-
tained either from one set of radio height-gain 
measurements at a fixed range and a few meas-
urements of field strength at a constant height, 
or from two sets of height-gain measurements 
at different wavelengths. Such a profile may 
be more reliable for predicting radio field 
strengths than one obtained from a single 
meteorological sounding. See also 2893 above. 

621.396.11 : 551.510.535  2895 
The Application of Ionospheric Data to Ra-

dio Communication Problems: Part 2—E. V. 
Appleton and W. J. G. Beynon. (Proc. Phys. 
Soc., vol. 59, pp. 58-76; January 1, 1947.) 
"Graphs are given from which may be esti-
nated the maximum usable frequency of radio 
waves reflected by an ionospheric layer in ob-
lique incidence transmission. The curves based 
on the theory given in part 1 of the paper are 
drawn for such ranges of layer thickness and 
layer height as are met with in practice. The 
limitations in the accuracy and applicability of 
the theory in practice are briefly discussed. At-
tension is also drawn to the occurrence of ab-
normal transmission conditions under which 
long-distance communication via the iono-
sphere is possible on frequencies exceeding the 
normally predicted values." For part 1 see 3290 
of 1940. 

621.396.11:551.510.535  2896 
Oblique Radio Transmission in the Iono-

sphere, and the Lorentz Polarization Term— 
W. J. G. Beynon. (Proc. Phys. Soc., vol. 59, pp. 
97-107; January 1,1947.) The work of Ratcliffe 
(15 of 1940) upon the appropriateness of the 
Sellmeyer or Lorentz dispersion formulas in 
this connection is extended and shown to be 
consistent with that of Newbern Smith (1586 
of 1941). The analysis is applied to a large 
number of experimental results. 
The maximum usable frequencies over dis-

tances of 1000 kilometers and 700 kilometers 
were found to depart from the values calculated 
using the Sellmeyer formula by only 0.2 and 
0.03 respectively of the amount that would be 
expected if the Lorentz formula applied. 
These experimental results are thus in agree-

ment with the theoretical conclusion of Dar-
win (1934 Abstracts, p. 606) that the Sellmeyer 
type of formula is applicable to the case of 
the refraction of radio waves in the ionosphere. 

621.396.11:551.510.535  2897 
Gyro Interaction of Radio Waves—L. G. H. 

Huxley, H. G. Foster, and C. C. Newton. (No. 
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Lure (London), vol. 159, pp. 300-301; March 
1, 1947.) An outline of preliminary experi-
mental data and discussion of results. For the 
tests, the modulation introduced by two suita-
bly situated transmitters operating near the 
gyro-frequency, on 200 kc. signals from Droit-
wich, was observed. Certain of the main fea-
tures of Bailey's theory were confirmed quan-
titatively. The practical implications of the 
results are mentioned. For Bailey's theory see 
1934 Abstracts, p. 606, and 840 of 1937. 

621.396.11:551.510.535  2898 
Predicting Amateur "Conditions" —N. A. 

Atwood. (QST, vol. 31, pp. 21-25, 120; April, 
1947.) A new method for quick determination 
of the best "working area" from a given position 
using Central Radio Propagation Laboratory 
maximum usable frequency charts. 

621.396.11.029.62:551.510.535  2899 
Six- Metre Transatlantic Signals —R. Nai-

smith. (Wireless World, vol. 53, p. 186; May, 
1947.) The recent reception of these signals 
coincided with a high value of vertical-inci-
dence critical frequency for region F2 and a 
theoretical maximum frequency for transmis-
sion by the tangential ray of 48.9 Mc. Alter-
native modes of propagation are considered 
and rejected. This therefore is the first proved 
case of  highly efficient transmission over 
6000 kilometers involving only one reflection. 

621.396.11.029.64  2900 
Wave Theoretical Interpretation of Propa-

gation of 10-Centimeter and 3-Centimeter 
Waves in Low-Level Ocean Ducts —C. L. 
Pekeris. (Pitcpc. I.R.E., vol. 35, pp. 453-462; 
May, 1947.) An analysis of results obtained 
in the West Indies. "Below the horizon, the 
10-centimeter wave was found to propagate 
by the first normal mode with a theoretical dec-
rement of 1 decibel per nautical mile, as 
against an observed value of about 0.8 decibel 
per nautical mile in the first 80 miles from 
transmitter. Theory verified the observed con-
stancy of decrement with height for this wave-
length. Beyond 80 miles the observed rate of 
attenuation dropped to a low value of 0.2 deci-
bel per nautical mile. This change of slope in 
the intensity curve is probably due to the 
emergence of scattered radiation after the di-
rect diffracted beam had been depleted." With 
the exception of one point there is quantitative 
agreement between the observed and theo-
retical distribution of intensity with height for 
the 10-centimeter wave. 

"The 3-centimeter wave was found to prop-
agate below the horizon by the first and second 
modes, with theoretical decrements of zero and 
0.5 decibel per nautical mile, respectively. The 
latter agrees with the observed values at high 
elevations, but near the surface, where theo-
retically attenuation should be negligible, the 
observed rate of attenuation exceeds the theo-
retical value by about 0.3 decibel per nautical 
mile. This is probably due to attenuation by 
scattering from horizontal inhomogeneities in 
the distribution of refractive index, and from 
the rough surface. Theory verifies the observed 
increase of decrement and decrease of intensity 
with height above about 10 feet for the 3-centi-
meter band." 

621.396.4.029.62  2901 
A Multi-Channel V.H.F. Radio Communi-

cations System —Knox and  Brereton. (See 
2927.) 

621.396.41.029.64  2902 
On the Calculation of Multiplex Radio-Tel-

ephone Links on Ultra-Short Waves—H. Chi-
reix. (Ann. Radiohlec., vol. 2, pp. 3-12; January, 
1947.) Reprint of 1559 of June. 

621.396.812:523.323  2903 
Effect of the Moon on Radio Wave Propa-

gation—( Nature (London), vol. 159, p. 396; 
March 22, 1947.) P. A. de G. Howell claims to 

have observed during 1938-39 and 1944-45 a 
correlation between long distance transmission 
conditions and the moon's phase. High signal 
level, low noise, and little fading are associated 
with full moon and the reverse with new moon. 

621.396.812:621.396.96  2904 
A Theory of the Performance of Radar on 

Ship Targets—M. V. Wilkes and J. A. Ramsay. 
(Proc. Comb. Phil. Soc., vol. 43, pp. 220-231; 
April, 1947.) An expression is derived for the 
power returned to the receiver of a radar 
installation from a ship surface. Conditions of 
superrefraction are not considered; under nor-
mal conditions, provided a suitable value of 
effective earth radius is taken, good agreement 
with experimental results on the variation of 
signal strength with range is obtained. Meas-
urements using a balloon-borne metallized 
sphere are also described. 

621.396.812.029.64: 551.510.52  2905 
Radar Reflections from the Lower Atmos-

phere —Friis. (See 2769.) 

621.396.11:551.5  2906 
Meteorological  Factors in  Radio- Wave 

Propagation—Book Noticel —Physical Society, 
London, 325 pp., 24s. Report of a Conference 
held on April 8, 1946, by the Physical Society 
and the Royal Meteorological Society. Indi-
vidual papers will be abstracted in due course. 

RECEPTION 

621.396.619.11/.13  2907 
Laboratory Tests of Weak Signal Narrow-

Band F.M. -0. G. Villard, Jr. (CQ, vol. 3, pp. 
21-26, 72; April, 1947.) When an a.m. re-
ceiver is used for the reception of a.m. trans-
missions and also of f.m. transmissions by dis-
tuning, narrow-band f.m. gives better results 
for the same carrier power on strong signals, 
but poorer results oa weak signals not much 
above the background noise level. 

621.396.619.13.029.62:621.396.933  2908 
Comparing F. M. with A.M. for Aircraft 

Communications —(Tele-Tech, vol. 6, pp. 52-
56, 11 1 ; April, 1947.) "For military [v.h.f.] oper-
ations [narrow-band] f.m. has capabilities for 
greater range and noise suppression, is less criti-
cal as to tuning, less susceptible to jamming." 

621.396.621+621.396.69  2909 
Machine  for  Receiver  Manufacture — 

(route la Radio, vol. 14, pp. 163-164; May, 
1947.) A short account of the equipment de-
scribed in 1913 of July (Sargrove). 

621.396.621  2910 
High-Fidelity Receiver —R. Gor.dry. (Toute 

la Radio, vol. 14, pp. 136-143; May, 1947.) 
A detailed description, with complete circuit 
diagram and performance curves, of a receiver 
with variable selectivity, low and high tone 
control, adjustable expansion, a switch for 
speech or music, and a high-power output 
amplifier. 

621.396.621:621.396.61  2911 
Technical Characteristics of Transmitters, 

E. Aisberg. (Toute la Radio, vol. 14, pp. 132-
134; May, 1947.) Stresses the importance, in 
the design of receivers, of detailed knowledge 
of the frequency and modulation character-
istics, intensity ratios, etc., of the transmission 
to be received. 

621.396.621.029.62:621.317.1  2912 
The Testing Procedure for F. M. V.H.F. 

Receivers—E. M. Fanker and R. A. Ratcliffe. 
(Proc. I.R.E. (Australia), vol. 8, pp. 4-12; 
March, 1947. Discussion, pp. 12-16.) The 
fundamental operating principles are discussed 
when they differ from these of a.m. circuits. 
The alignment procedure and methods for 
measuring the receiver characteristics are de-
scribed and values given for typical equipment. 

621.396.621.076.2.029.62/.63  2913 
Very High Precision Tunable Receiver for 

V.H.F. —S. Y. White. (Tele-Tech, vol. 6, pp. 
48-51, 107; April, 1947.) Description of a 
receiver with permeability tuning and plug-in 
tank circuits for use between 60 and 600 Mc. 

621.396.621.0781  2914 
Automatic Controls in Modern Receivers— 

F. Juster. (Tonic la Radio, vol. 14, pp. 150-
153; May, 1947.) A concise account of de-
layed automatic volume control, the Lamb 
system for parasitic suppression and auto-
matic frequency control. The latter is strongly 
recommended. 

621.396.722:534.32  2915 
Distortion and Acoustic Preferences —Moir 

(See 2656.) 

621.396.82: 551.57 : 629.135 
621.319.74:551.57.:629.135  2916 
Electrostatic Ills and Cures of Aircraft: 

Parts 1 and 2—R. Beach. (Elec. Eng., vol. 66, 
pp. 325-334 and 453-462; April and May, 
1947.) In part 1, "the process by which elec-
trification is accumulated [by aircraft in flight] 
and the mechanism by which radio interference 
is produced are described." In part 2 various 
methods for dissipating static charges on air-
craft are given. Experimental results show the 
effectiveness of metallic bristles, with chem-
ically etched points, for suppressing static 
interference. 

621.396.822:621.396.615.17  2917 
Noise  Signal Generator —Dolphin. (See 

2859.) 

621.396.822:621.396.621.53  2918 
Noise-Figure Reduction in Mixer Stages — 

M. J. 0. Strutt. (Psoc. 1.1(.E., vol. 35, p. 496; 
May, 1947.) Corrections to 1573 of June. 

621.396.822 : 621.396.645  2919 
Noise Factor: Part 3—L.  A.  Moxon. 

(Wireless World, vol. 53, pp. 171-176; May, 
1947.) Discussion of: noise sources in an r.f. 
amplifier and the circuit quantities which de-
termine their effect; the meaning of equivalent 
noise resistance as applied to tube shot noise; 
formulae for the noise factor; and the use of 
grounded-grid and neutralized triodes as the 
first tubes in v.h.f. receivers. For parts 1 and 
2 see 864 of April and 1196 of May. 

621.396.822.029.63 :523.78"1946.11.23"  2920 
Micro-Wave  Solar  Noise  Observations 

During the Partial Eclipse of November 23, 
1946—Covington. (See 2761.) 

621.396.822.08:621.396.645  2921 
Linearity Range of Noise-Measuring Ampli-

fiers—Bell. (See 2718.) 

621.396.828  2922 
The Suppression of Radio Interference from 

Electrical Appliances—S. F. Pearce. (Beama 
Jour., vol. 54, pp. 40-47; February, 1947.) A 
description of a number of circuits for efficient 
suppression in a wide range of appliances. The 
components requiring careful design are the 
capacitor for earthed appliances and the line 
inductor for those which are not earthed. For 
satisfactory performance at frequencies above 
30 Mc. a "bushing type" capacitor is necessary 
in which the current-carrying conductor passes 
through the body of the capacitor. Design par-
ticulars are given for filters having an insertion 
loss of about 80 db in the range 5 to 100 Mc., 
with a formula for calculating the lowest fre-
quency at which the required attenuation is 
obtained. 

STATIONS AND COM MUNICATION 
SYSTEMS 

621.394.14  2923 
Table of Q-Code —(Radio (Moscow), no. 
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3, p. 51; June, 1946. In Russian.) With mean-
ings and Russian equivalents. 

621.395.44.029.6  2924 
2000 Telegrams per Minute by Microwave — 

J. Z. Millar. (Tele-Tech, vol. 6, pp. 36-40; 
March, 1947.) A description of the equipment 
of the New York-Philadelphia link. See also 
1578 of June. 

621.396(675)"1939/1945"  2925 
Development of Telecommunications in the 

Belgian Congo During the War —J. G. Jonlet. 
(Bull. Sci. Ass. Inst. glectrotech. (Montefiore), 
vol. 60, pp. 43-63; February, 1947.) Historical, 
with somedetails of the 50-kw. short-wave trans-
mitter put into service in 1943. See also 870 
of April. 

621.396.1:621.396.96  2926 
Radar Allocations —Markus. (See 2788.) 

621.396.4.029.62  2927 
A Multi-Channel V.H.F. Radio Communi-

cations System —J.  B.  Knox and C. H. 
Brereton. (RCA Rev., vol. 7, pp. 179-198; 
June, 1946.) A description of the installation of 
an f.m. network (42 to 50 Mc.)on the Canadian 
Pacific Coast. The results of propagation tests 
are discussed and land profiles of test and 
operative links are given. The aerial systems 
and equipment are briefly described and a 
statistical analysis of recorded field strengths 
for various stations is shown graphically. 

621.396.41.029.64  2928 
On the Calculation of Multiplex Radio.. 

Telephone Links on Ultra-Short Waves — 
Chireix. (See 2902.) 

621.396.6 : 551.510.535  2929 
Ionosphere Equipment for Field Use —G. H. 

Musselman. (Electronics, vol. 20. pp. 112-116; 
May, 1947.) The requirements of field equip-
ment are listed and modern pulsed measure-
ment systems briefly described. Details are 
given of a simplified technique with an auto-
matic motor-tuned receiver and a variable-fre-
quency (1.5 to 4.0 Mc.) transmitter half a mile 
distant. Recording is automatic. 

621.396.61/.621.029.64  2930 
Dishing Out the Milliwatts on 10 kMe/s — 

Correction to 1931 of July. The last phrase 
should read "using a Hallicrafter S-29 portable 
receiver as i.f. to a.f. amplifier." 

621.396.619.13:621.397.5(94)  2931 
Frequency Modulation and Television — 

N. S. Gilmour. Proc. I.R.E. (Australia), vol. 
5, pp. 3-8; July, 1944.) Discusses modern 
developments with particular reference to 
post-war application in Australia. 

621.396.619.13.029.62:621.396.933  2932 
Comparing F.M. with A.M. for Aircraft 

Communications—(See 2908.) 

621.396.619.16  2933 
Pulse  Modulation  and  Demodulation 

Theory —M. M. Levy. (Jour. Brit. I.R.E., 
vol. 7, pp. 64-83; March and April, 1947.) 
Modulation is accomplished by shifting in 
time the position of a periodic train of pulses 
by an amount proportional to the modulating 
signal; in demodulation the position of one 
edge of each pulse is moved in time in syn-
chronism with the modulated pulse, so giving 
a train of variable-width pulses which after 
detection yield the modulating signal. The 
nature of the distortion produced by these 
processes is studied and it is shown that a dis-
tortionless pulse communication system can 
be evolved by following certain simple rules. 

621.396.65  2934 
Radio  Relays  for  Telegraphy —F.  B. 

Bramhall. (Tekgr. Teleph. Age, vol. 65, pp. 10, 
12-32; April, 1947.) Beamed microwaves of 

frequencies about 3000 Mc. used for communi-
cation in the U.S.A. See also 876 of April and 
1578 of June, U.D.C. of which should more 
properly be 621.396.65. 

621.396.65  2935 
Development of Radio Relay Systems — 

C. W. Hansel!. (RCA Rev., vol. 7, pp. 367-384; 
September, 1946.) Survey of development and 
requirements. Suggested signal-to-noise ratios 
for printer telegraph, 18 db; for on-off-keyed 
printer telegraph, 21 db; for ordinary tele-
phone, 40 db; for broadcast, facsimile, and 
television, 50 db; and for high-quality music, 
60 db. The bandwidth occupied by a phase 
modulated  multichannel  relay  system  is 

2B-1-2BDA/3, where B is the modulation 
frequency band and d is the peak phase devia-
tion. 

621.396.65.029.62:621.396.93  2936 
Frequency Modulation Mobile Radiotele-

phone Services —H. B. Martin. (RCA Rev., 
vol. 7, pp. 240-252; June, 1946.) A discussion 
of the proposed use of frequencies in the 
ranges 30 to 44 Mc. and 152 to 162 Mc. for 
common-carrier mobile radio-telephone com-
munication for motor vehicles and surface 
vessels. 

621.396.712.029.58(945)  2937 
Melbourne Division Visits "Radio Aus-

tralia" —(Proc. I.R.E. (Australia), vol. 8, pp. 
22-23; February, 1947.) A brief description of 
the lay-out of the h.f. broadcasting station at 
Shepparton, Victoria, Australia. See also 2672 
above. 

621.396.712(489)  2938 
Broadcasting Equipment —(Overseas Eng., 

vol. 20, p. 279; March, 1947.) A short account 
of the new equipment and studio arrange-
ments at Radio House, Copenhagen. 

621496.712.3(944)  2939 
Broadcasting Studio Equipment —L. N. 

Schultz. (Proc. I.R.E. (Australia), vol. 5, DP. 
3-17; October, 1944.) Specification of the com-
plete equipment for station 2GB, Sydney. 

621396.73  2940 
Emergency Broadcast Pickup Techniques — 

G. Riley. (Electronics, vol. 20, pp. 108-111; 
May, 1947.) Methods and equipment used for 
emergency outdoor broadcasts by radio sta-
tion WOR, New York. 

621.396.828.029.56.62  2941 
The Staggering Band Theorem —L. E. 

Rapp. (QST, vol. 31, pp. 60-61, 136; April, 
1947.) A plan to eliminate interference in the 
amateur frequency bands by devoting particu-
lar bands to c.w. transmissions and telephone 
transmissions during alternate 24-hour periods. 

621.396.931  2942 
The Development of a Radio Communica-

tion Network for the South African Railways--
G. D. Walker. (Trans. S. Afr. I.E.E. vol. 37, 
pp. 283-305; December, 1946. Discussion, pp. 
305-307.) Sections 1,2, and 3 give, respectively, 
details of the extent of the radio network, the 
requirements of the service, and the equipment 
now in use. Eighteen spot frequencies within 
the band 4 to 14 Mc. are used and telephonic 
as well as telegraphic facilities are provided. 

Section 4 deals with aerial design; a stack 
of three aerials supported between a single 
pair of towers is used, each aerial consisting of 
a 2-fold half-wave dipole. 
Section 5 deals with the arrangements for 

matching the aerial to the 6000 feeder at 
more than one frequency; a novel form of com-
pound stub is described. 
Section 6 describes some pulse transmis-

sions under conditions of oblique incidence 
on the ionospheric layers. 

SUBSIDIARY APPARATUS 

621.313.2  2943 
The "Electrotor" —(Elec. Rev. (London), 

vol. 140, pp. 663-664; April 25, 1947.) Minia-
ture low-voltage (1.5-6 volts) d.c. motor of inovel 
design; ring-shaped permanent magnet stator, 
gap-ring wound rotor with brushes bearing di-
rectly upon bared edges of winding. Manu-
factured in several sizes, the smallest weighing 
1 Geiger-Muller and being one-half centimeter 
in diameter and length, speed 7000 r.p.m. and 
voltage 1.5. 

621.314.12:621.394/.3961.66  2944 
The Amplidyne —E. C. Barwick. (Elec. 

Times, vol. 111, pp. 449-453 and 485-488; 
April 24 and May I, 1947.) A description of a 
quick response d.c. generator requiring an ex-
ceptionally low field power for excitation. Some 
typical control circuits are described in part 1. 
Part 2 describes the application of amplidyne 
control to such equipment as winding gear, 
cable laying machinery,  and synchronous 
motors. See also 3765 01 1946. 

621.314.653  2945 
Characteristics of Resistance Ignitors —D. 

E. Marshall and W. W. Rigrod. (Electronics, 
vol. 20, pp. 122-126; May, 1947.) The mag-
nitude of variations of current, voltage, and 
firing time with operating conditions are pre-- 
sented as a guide to designers. 

621.316.54  2946 
Fundamental Properties of the Vacuum 

Switch —R. Koller. (Trans. A.1.E.E. (Elec. 
Eng., August and September, 1946.) vol. 65, 
pp.  597-604. Discussion,  ibid.,  December 
Supplement, vol. 65, pp. 1141-1142; 1946.) 
Summary noted in 2021 of 1946. 

621.316.728  2947 
Design of Electronically Regulated Power 

Supplies —B. A. Penners and W. Davis. (Radio 
vol. 31, pp. 9-15; February and March, 1947.) 
A comprehensive theoretical discussion pre-- 
senting complete design data. 

621.352.8  2948 
Novel Batteries —(Elec. Rev. (London), vol. 

140, p. 571; April 11, 1947.) Development of a 
new type of battery, based on the electro-
chemical catalysis of oxygen and hydrogen 
gases, is now proceeding on behalf of the British 
Electrical and Allied  Industries  Research 
Association at Cambridge University. A small 
type of silver-silver chloride-magnesium dry 
cell manufactured during the war by the 
Burgess Battery Co., Antioch, U.S.A., delivers 
a large output at low voltage for a short time. 
Such a cell 1 and three-eighths inches in 
diameter and 3 and five-eighths inches long 
gave 100A at a peak of 1.4 volts for 1 and one-- 
half minutes when activated by water. For a 
full account of these cells, see Reprint 90-33 of 
the Electrochemical Society of America. See 
also 901 of April; in this, U.D.C. should read 
as above. 

621.385.832.087.5  2949 
Recording  Oscilloscope  Images —( Tele-

Tech, vol. 6, pp. 45-46; April, 1947.) A beam 
splitter in the camera for radar oscilloscopes 
reflects blue light to the camera lens and trans-
mits orange-yellow light for the operator's 
vision, thus permitting simultaneous inspec-
tion and photography. 

621.398  2950 
Magslip Transmission —(Engineer  (Lon-

don), vol. 183, pp. 317-319; April 11, 1947.) A 
brief outline of the principles of Magslip trans-
mission and its application to gunnery work 
The rapid development of Magslip production 
during the war is described and the construc-
tion of a typical transmitter unit is shown. 
The rigorous tests necessary to maintain the 
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high standard of mechanical and electrical 
precision are stressed. See also 2585 of Sep-
tember. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397:38  2951 
Commercial Applications for Picture Teleg-

raphy —R. C. Walker. (Electronic Eng., vol. 
19, pp. 44-45; February, 1947.) An account of 
methods of facsimile transmission using "Tele-
deltos," a dry recording paper needing no 
processing. The system is used for telegraphy 
and transmission of drawings. 

621.397:621.357.087  2952 
Electro-Chemical Recording —C. P. Fagan. 

(Marconi Rev., vol. 9, pp. 146-150; October and 
December, 1946.) Methods used for facsimile 
work, etc., are briefly described, with special 
attention to azo-dye recording. 

621.397.5:6  2953 
Television System for Industrial Applica-

tions —(Etectronics, vol. 20, pp. 138-156; May, 
1947.) A television system for visual inspection 
of operations on a factory production line from 
a remote point. 

621.397.5:621.315.213.12  2954 
Development of an Ultra-Low-Loss Trans-

mission Line for Television —Johnson. (See 
2667.) 

621.397.5:621.396.67  2955 
Television  Antennas  for  Apartments — 

(Electronics, vol. 20, pp. 96-102; May, 1947.) 
The possibility of installing master aerials 
feeding many receivers is discussed. Existing 
systems in the U.S.A. for broadcast and short-
wave signal reception are described and the 
difficulties to be overcome in an u.h.f. system 
are stated. The aerials would probably consist 
of separate dipoles and reflectors for each local 
television station, tuned and orientated for 
optimum reception, and each channel would 
require a wide-band booster amplifier. Typical 
proposed designs, both with and without 
amplifiers, are described and the requirements 
of the amplifiers and methods of matching to 
the customer's feeder-line are discussed. 

621.397.5(94):621.396.619.13  2956 
Frequency Modulation and Television — 

Gilmour. (See 2931.) 

621.397.6  2957 
A New Type of the Mosaic for the Tele-

vision Pick Up Tubes —G. Braude. (Jour. Phys. 
(U.S.S.R.), vol. 9, no. 4, pp. 348-350; 1945.) 
The mosaic covers both sides of a thin dielec-
tric plate which has a certain amount of leakage 
between the two faces. 

621.397.6  2958 
An Experimental Color Television System — 

R. D. Kell, G. L. Fredendall, A. C. Schroeder, 
and R. C. Webb. (RCA Rev., vol. 7, pp. 141-
154; June, 1946.) A description of a demonstra-
tion apparatus. Three-color scanning in se-
quence is obtained by rotating color filters 
synchronized to the frequency of the mains. 
Three-dimensional color is obtained by a stereo-
attachment for the camera used in conjunction 
with polarizing material on the rotating color 
filters and polarizing spectacles worn by the 
viewer. The sound channel is transmitted 
during a portion of the horizontal blanking 
period. 

621.397.6:621.383.8  2959 
Mimo-Miniature Image Orthicon —P. K. 

Weimer, H. B. Law, and S. V. Forgue. (RCA 
Rev., vol. 7, pp. 358-366; September, 1946.) 
For use in airborne television equipment; 
over-all length 9 inches and diameter 1 and 
one-half inches. 

621.397.6:621.398  2960 
Naval Airborne Television Reconnaissance 

System —R. E. Shelby, F. J. Somers, and L. 

R. Moffett. (RCA Rev., vol. 7, pp. 303-337; 
September, 1946.) High fidelity long-range air-
borne television reconnaissance system de-
veloped by U.S. Navy Department; 20 frames 
per second, 40 fields per second, 567 lines per 
frame interlaced and 5 Mc. bandwidth are 
used. With peak power of 1400 watts, maxi-
mum plane-to-ground range was 200 miles. 
Satisfactory definition obtained at altitudes 
from 5000 to 10,000 feet. 

621.397.6 : 621.398  2961 
Miniature Airborne Television Equipment 

—R. D. Kell and G. C. Sziklai. (RCA Rev., 
vol. 7, pp. 338-357; September, 1946.) "A de-
velopmental television camera, designed espe-
cially for airborne applications and using the 
image orthicon, is described. This camera is 
part of a complete airborne television trans-
mitter system weighing 50 pounds. The trans-
mitter has a power output of eight watts in the 
260-to-380 megacycle range.  Experimental 
results in guiding a medium-angle bomb with 
the aid of the miniature equipment are given." 

621.397.6 : 621.398 : 629.13  2962 
Flying Torpedo with an Electric Eye —V. 

K. Zworykin. (RCA Rev., vol. 7, pp. 293-302; 
September, 1946.) Memorandum prepared as 
early as 1934 giving suggestion for controlling 
guided missiles by television. 

621.397.62  2963 
Philco  Projection  TV  Receiver —( Tele-

Tech, vol. 6, pp. 41, 127; March, 1947.) An in-
strument using a modified Schmidt optical 
system with a 4-inch 20-kV projection tube 
to give a 15 by 20 inch picture, of great 
brightness and contrast. 

621.397.62:621.396.828  2964 
On the Reduction of Noise [Souffle] in Cer-

tain Television Analysers Using Slow Elec-
trons —R. Barthelemy. (Compt. Rend. Acad. 
Sci. (Paris), vol. 224, pp. 977-978; March 31, 
1947.) Certain American receivers make use of 
electron multipliers in the analyzers. The modu-
lated fraction of the beam entering the multi-
plier is very small, about 5 to 10 per cent of the 
mean intensity. Improved performance can 
be achieved by filtration of the beam, either 
by deviation or by a suitably polarized grid, 
so that only the useful part of the current passes 
forward into the multiplier. 

621.397.74:621.315.212  2965 
The Provision in London of Television 

Channels for the B.B.C. —Mitchell. (See 2666.) 

621.397.62  2966 
Television Receiving Equipment [Book Re-

viewi —W. T. Cocking. Iliffe and Sons, 2nd 
ed., 354 pp., 12s. 6d. (Jour. Brit. 1.R.E., 
vol. 7, p. 63; March and April, 1947.) Covers 
many of the improvements in technique which 
have been effected in late years and is recom-
mended for the use of students. For review of 
first edition see 3503 of 1940. 

TRANSMISSION 

621.396.61:621.396.621  2967 
Technical Characteristics of Transmitters — 

Aisberg. (See 2911.) 

621.396.61.029.62  2968 
• A Complete 10-Meter Mobile Station — 

C. T. Haist. (CQ, vol. 3, pp. 15-19, 76; April, 
1947.) Circuits and description of 50-watt 
equipment operated from a 12-volt car battery. 
An 829B h.f. transmitting tube is used in 
the power amplifier. 

VACUU M TUBES AND THERMIONICS 

537.291  2969 
Exchange of Energy Between an Electron 

Beam and an Electromagnetic Field of Feeble 
Intensity —P. Guenard. (Compt. Rend. Acad. 
S'ci. (Paris), vol. 224, pp. 898-900; March 24, 

1947.) An expression is derived for the ratio of 
the mean power, given up by the beam while 
traversing the field, to the beam power where it 
enters the field, for the particular case of small 
signals. 

621.38/.391.029.64  2970 
Microwave Electronics —Slater. (See 2668). 

621.383:535.215.2  2971 
Fatigue of Ag-Cs20, Ag-Cs Photoelectric 

Surfaces —S. Pakswer. (Jour. Appi. Phys., 
vol. 18, pp. 203-206; February, 1947.) De-
scription of fatigue phenomena for red and blue 
light. Theory suggests a change in selective 
absorption caused by polarization of the Cs 
atoms. 

621.383.4  2972 
High-Sensitivity Photoconductive  Cell — 

C. W. Hewlett. (Gen. Elec. Rev., vol. 50, pp. 
22-25; April, 1947.) Construction, performance, 
and applications of a thallous sulphide semi-
conductor cell developed by General Electric 
Company. 

621.385:666.1  2973 
Glass  in  the  Radio  Industry —Violet, 

Danzin, and Commin. (See 2819.) 

621.385.029.63/.64  2974 
Tentative Theory of the Travelling-Wave 

Valve —J. Bemier. (Ann. Radioilec., vol. 2, 
pp. 87-101; January, 1947.) The traveling-
wave tube is considered as made up of a trans-
mission line (or wave guide) of low phase 
propagation velocity, closed at each end by its 
characteristic impedance, with uniformly dis-
tributed sources of field, these sources being due 
to the effect ot the electron beam. The gain 
of such tubes is calculated; it increases with 
the current and the length of the line In general 
the bandwidth decreases as the gain in-
creases. The traveling-wave tube is somewhat 
analogous to a cascade of triode coupled by 
Lecher lines. Modifications of the theory are 
indicated when the transmission line has many 
modes of propagation and the case is dis-
cussed where the line consists of a wave guide 
filled with a dielectric of high refractive index. 

621.385.032.7+621.32.032.71:001.4  2975 
Nomenclature System for Glass Bulbs —A. 

Brann. (Electronics, vol. 20, pp. 184-188; 
May, 1947.) American system for bulbs used 
in electric lamp and tube manufacture. 

621.385.1+621.396.694  2976 
Tube Registry —(Electronics, vol. 20, pp. 

254-259; May, 1947.) Summary of tube in-
formation furnished by the R.M.A. Data 
Bureau. Types listed are: 5549. Forced-air-
cooled triode. Directly heated, 12.6 volts. 
Anode dissipation 4 kw. 5559 (revised). Indi-
rectly  heated,  mercury  thyratron  triode. 
Ionization time 10 i.rs. Deionization time 1 ms. 
5557. Same as 5559 (revised) except directly 
heated. For 6C23, 8C22 and other tubes not 
listed above, see 2288 of August. 

621.385.1.012(4)  2977 
Radio Valves: Western European Valves — 

K. I. Drozdoff. (Radio (Moscow), no. 3, pp. 
32-61; June, 1946. In Russian.) Definitions of 
continental code, and diagrams of tube bases 
for the E-11 and U-11 series. 

621.385.1.012(4)  2978 
Radio Valves: Mains Valves in the [Conti-

nental] Alphabetic Series —K. I. Drozdoff. 
(Radio (Moscow), nos. 4, 5 and 6, 7, pp. 51-
60 and 53-62; July, August, and September, 
October, 1946. In Russian.) Tables of data, 
with possible equivalents. 

621.385.1.032.216  2979 
Oxide  Cathodes.  Their  Experimental, 

Theoretical and Technical Development —O. 
Weinreich. (Gen. Elec. Rev., vol. 56, pp. 75-
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90; February, 1947.) An account of progress 
from 1904 to 1944. Several theories of electronic 
emission processes are outlined. Developments 
associated with the construction of magnetrons 
are described. Experimental studies of the 
mechanism of emission by means of X rays, 
electron diffraction, and pulse voltages are dis-
cussed. Pulse technique opens up a wide field 
for new investigations which may lead to an 
adequate theory. 

621.385.1.072.2  2980 
Characteristics of Certain Voltage-Regu-

lator Tubes—G. M. Kirkpatrick. (Paoc. I.R.E., 
vol. 35, pp. 485-489; May, 1947.) Character-
istics and stability of a number of tubes of 
types VR75, VR105, and VR150 are examined 
and an equivalent circuit determined. The re-
sults are of value when VR tubes are used to 
provide reference  potentials  in electronic 
stabilizers. 

621.385.3 : 621.396.813  2981 
The Reduction of Microphonics in Triodes 

—A. H. Waynick. (Jour. Appl. Phys., vol. 18, 
pp. 239-245; February, 1947.) An analysis of 
the effect of grid displacement on the anode 
current of a planar triode. 

621.385.3.029.63.015.33  2982 
Development of Pulse Triodes and Cir-

cuit to Give One Megawatt at 600 Megacycles 
—R. R. Law, D. G. Burnside, R. P. Stone, and 
W. B. Whalley. (RCA Rev., vol. 7, pp. 253-
264; June, 1946.) A description of the develop-
ment of the air-cooled A-2231 tube and its use 
in a push-pull oscillator circuit tuning over the 
range 560 to 640 Mc. 

621.385.832:621.396.96  2983 
War-Time Developments in Cathode-Ray 

Tubes for Radar—L. C. Jesty, H Moss, and 
R. Puleston. (Jour. I.E.E. (London), part I I IA, 
vol. 93, no. 1, pp. 149-166; 1946.) A review of 
the war-time history from the design point of 
view. For technical reasons, most of the tubes 
used for radar were electrostatic, little use 
being made of magnetic deflection. Progress in 
the design of tube envelopes, electron guns, 
bases, screens, and deflection systems, is dis-
cussed, with special reference to afterglow 
screens, rigidity, and uniformity of construc-
tion, ability to withstand shock and vibration, 
and semi-mass-production methods. Testing 
procedures and tubes for particular applica-
tions are described, with illustrations of in-
tensity-modulated and deflection-modulated 
displays and a comprehensive list of tube types. 

621.385.832:621.396.96  2984 
A Survey of Cathode-Ray-Tube Problems 

in Service Applications with Special Reference 
to Radar—G. Bradfield, J. G. Bartlett, and 
D. S. Watson. (Jour. I.E.E. (London), part 
IIIA, vol. 93, no. 1, pp. 128-148; 1946.) R.A.F., 
Army and R.N. problems are considered sepa-
rately. The special requirements associated 
with radar displays for air interception, air 
navigation, precision fire control, and the 
plane position indication of ships, aircraft, 
towns, and shell splashes are reviewed. The 
need for large projected displays and for the 
dark-trace tube is discussed, with photog-
raphy and visibility problems, which have an 
important bearing upon the choice of tube for a 
particular purpose. A number of practical ap-
plications are described and illustrated. 

621.386.032.22  2985 
Operations in the Production of Electronic 

Tube Components—( Machinery, vol. 53, pp. 

160-164; February, 1947.) Production methods 
are described for the rotating anode assembly 
for certain X-ray tubes. 

621.396.615.141.2  2986 
Theory of the Magnetron as Microwave 

Generator—F. LUdi. (Rely. Phys. Ada, vol. 
19, pp. 1-20; February 20, 1946. In German.) 
For previous work see 3338 of 1943 and 3531 
of 1945. This article gives theory and experi-
mental results for the multisegment type of 
magnetron only. 

621.396.615.141.2  2987 
A Tunable Squirrel-Cage Magnetron —The 

Donutron—F. H. Crawford and M. D. Hare. 
(Paoc. I.R.E., vol. 35, pp. .361-369; April, 
1947.) The donutron is an all-metal multi-
segment magnetron with a single resonant cav-
ity. "It is tuned by the relative axial displace-
ment of alternate anode segments, through 
flexure of one wall of the cavity in which the 
anode structure is supported." The best of 60 
models tested can be tuned over a 1.5 to 1 fre-
quency range (in the 6-12 centimeter wave 
band) with a single value of voltage and mag-
netic field. An efficiency of 40-50 per cent was 
obtained with a power output of about 50 watts 
which was constant to 3 db. over the tuning 
range. The various possible modes of operation 
and methods of suppressing or enhancing them 
are described. 

• 
621.396.615.141.2  2988 
Technical Problems in the Manufacture of 

Cavity Magnetrons—G. H. Bezy. (Gin. Elec. 
Rev., vol. 56, pp. 68-71; February, 1947.) Dis-
cusses the conditions which should be satisfied 
by anode, cathode, and coupling system, and 
describes methods of overcoming certain diffi-
culties in their construction and final assembly. 

621.396.615.141.2  2989 
Space Charge Frequency Dependence of 

Magnetron Cavity —W. E. Lamb, Jr. and M. 
Phillips. (Jour. Appl. Phys., vol. 18, pp. 230-
238; February, 1947.) A theoretical investiga-
tion of the effect produced on the resonant fre-
quencies of a magnetron cavity by the presence 
of a thin layer of charge surrounding the 
cathode. 

621.396.615.142  2990 
On the Conversion Efficiency of Velocity-

Modulation Tubes of the Reflex Type —J. 
Bernier. (Ann. Radioilec., *vol. 1, pp. 359-382; 
October, 1946.) For satisfactory efficiency the 
h.f. voltage should neither be so low that the 
electrons are not sufficiently checked on their 
return, nor ao high that too much energy is re-
quired to control the forward beam. A quantita-
tive study of the effects is made assuming that 
space-charge effects are negligible, electron tra-
jectories rectilinear and the h.f. field uniform 
and well defined, though of finite magnitude. 
The conversion efficiency is calculated (a) for 
different values of the h.f. field supposing all 
electrons are reflected by the mirror, and (b) 
when only half the electrons are reflected by a 
mirror at the potential of the cathode apd the 
h.f. field is infinitely narrow. 

621.396.615.142.2  2991 
Practical Limitations of the Power and 

Efficiency of Two-Cavity Klystrons —P. Gue-
nard. (Ann. Radioilec., vol. 2, pp. 13-23; 
January, 1947.) A discussion with certain 
simplifying assumptions. For this type of tube 
the efficiency decreases rapidly with increase of 
frequency from about 30 per cent for the 
longer waves to zero for millimeter wave-

lengths. The h.f. power can exceed 1 kw. at 
wavelengths above 10 centimeters but de-
creases rapidly with Increase of frequency and 
is only a few watts for a wavelength of 3 centi-
meters. 

621.396.615.142.2  2992 
Practical Limitations of the Power and 

Efficiency of Two-Cavity Blystrons—P. Gué-
nard. (Onde Elec., vol. 27, pp. 94-103; March, 
1947.) See 2991 above. The present paper gives a 
fuller discussion and includes appendices on 
(a) the efficiency of tubes without grids, and 
(b) the effects of space charge on longitudinal 
debunching. 

621.396.615.142.2  2993 
The Maximum Efficiency of Reflex-Klys-

tron Oscillators —E. G. Linder and R. L. 
Sproull. (Paoc. I.R.E., vol. 35, pp. 241-248; 
March, 1947.) "The theory of reflex-klystron 
oscillators is given ir. detail. It includes a dis-
cussion of relations In a loaded oscillator. It is 
shown that maximum efficiency for small am-
plitudes is given by vh,= 0.1693114/C.V., where 
M is the coefficient of modulation of the gap, 
is the effective current, G. is the shunt con-

ductance of the unloaded resonator, and V. is 
the beam voltage. Possibilities of increasing 
efficiency are considered, including effects of 
grid transmission on effective current and on 
space charge, and effects of multiple electron 
transits." 

621.396.645:621.396.822  2994 
Noise Factor: Part 3—Moxon. (See 2919.) 

MISCELLANEOUS 

001.4:1621.32.032.7+621.385.032.7  2995 
Nomenclature System for Glass Bulbs— 

Brann. (See 2975.) 

62"1946"  2996 
Progress in Engineering Knowledge Dur-

ing 1946—P. L. Alger, J. Stokley, F. H. 
Faust, E. L. Robinson, J. L. Tugman, W. W. 
Kuyper, and W. D. Haylon. (Gen. Elec. Rev., 
vol. 50, pp. 12-55; March, 1947.) A survey of 
developments in materials, techniques, and 
design and application engineering, with an 
extensive bibliography. 

620.1.05 •  2997 
Ingenious New Testing Machine —(Over-

seas Eng., vol. 20, p. 320; April-May, 1947.) 
For tensile, compression, beam, shear, and 
bending tests and also suitable for many pre-
cision pressing operations. Maximum load 
capacity 25 tons. 

621.396  de Forest  2998 
Lee de Forest—(Radio Craft, vol. 18, 

Pp. 17-57, 130; January, 1947.) A collection 
of papers describing the work of de Forest, 
with appreciations from prominent scientists 
and radio engineers, specially written to mark 
the 40th anniversary of his invention of the 
auction. 

621.396 Tesla  2999 
Nikola Teak  (1856-1943) —F.  Bedeau. 

(Onde Elec., vol. 27, p. 75; February, 1947.) A 
short account of his work on rotating fields and 
h.f. alternators and oscillators. 

621.396.621(100.2)  3000 
Density of Radio Receivers Throughout 

World—(Tele-Tech, vol. 6, p.92; March, 1947.) 
A table giving the number of receiving sets per 
100 population in 85 countries. See also 1588 
of June. 



Regulated Power Supplies 
VIODEL 106-PA 

:haracteristics: 

).C. Voltage Range.  200-300V., 140 Ma. 

4.C. Fil. Power   (2) 6.3V., 5 amps. 

?apple Content   1/ 10 of 1% 

k.C. Input   115V., 50/60 cycles 

iize  5" x 19" x 9" deep 

3utput remains constant within 1%, even though line 
altage varies between 95 -130 volts. Price $225 
:f. o. b. Cambridge, Mass./ 

MODEL 207-PA 

Characteristics: 

D.C. Voltage Range 

A.C. Input   

Overload Relay 

Size   

0-3500V., 1 amp. 
positive or negative 
grounding 

220V., 50/60 cycles 
(Variac Control) 

Adj. 0.6 -1 amp. 

261/2 "x 32"x 36"deep 

Meters on front panel indicate line voltage, output 
voltage, and output current. 
Power supply is mounted on casters for portability 

Access doors provided with interlock safety switches. 

MODEL 206-PA 
Characteristics: 
D.C. Voltage Range  . 500-700V., 250 Ma. 

700- 1000V.,200 Ma. 
Ripple Content  .05 of 1% 
A.C. Input   1 15V., 50/60 cycies 
Size   121/4 "x 19"x 13" deep 
Output is constant from no load to full load of each 
range within 1%. 
Interlocking relay protection at all voltages insures 

safe operation. Time delay for high voltage circuit 
applications  prevents  tube  damage.  Price  $490 

(f. o. b. Cambridge, Mass.) 

MODEL 306-PA 
Characteristics: 
D.C. Voltage Range  300-750V., 30 Ma. 

750-1800V., 30 Ma. 
1800-3600V., 30Ma. 

Ripple Content  300-750V., 0.01 % 
750-1800V. 0.1 %  
1800-3600V. 

A.C. Input   115V., 50/60 cycles 
Size   171/2  x19" x13" deep 
Regulation control is provided for adjustment to perfect 
load regulation, or to provide over-regulation, if desired. 
Safety devices are incorporated to protect operating 

personnel. Meters indicate line voltage, output voltage, 
and output current. 

For Every Purpose 

MODEL 207-PA 

111Li mHARVEY RADIO LABORATORIES, INC. 
456 CONCORD AVENUE  • CA MBRIDGE 38, MASSACHUSETTS 
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Western Electric 
1304 TYPE REPRODUCER SETS 

HIT A NE W HIGH IN Q u a lity / 

Western Electric 

Here's Why! 
1. Wide Response.. . Famous 9 Type Reproducers bring 
out the full quality of today's finest recordings — vertical 
or lateral. 
2. Constant Speed. . . Entirely new drive mechanism pro-
vides constant speed operation at 33113 and 78 rpm—eliminates 
trouble from "wows" and rumble. 
3. Rapid Acceleration... Goes from standstill to stable operating 
speed of 33% rpm in one-half revolution. 
4. Vibration-free...Mechanical filters isolate turntable from vibration 
in motor, driving mechanism and cabinet. 
5. Electrical Speed Change ... New electrical method of changing 
speed eliminates clash-gears or planetary ball devices—permits 
quick speed change while turntable is running. 

The 1304 Type Reproducer Sets will be in production during 
this year. For full details, call your local Graybar Broad-
cast Representative or write Graybar Electric Co., 

420 Lexington Ave., New York 17, N.Y. 

QUALITY COUNTS - 
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BUENOS AIRES 

'Notes on a Trip to the United States,' by P. 
N. Guzzi. Standard Electric Argentina; June 13. 

1947. 
'Radio Installations of the Argentine Antartic 

Expedition." by S. Castro. Navy Signal Corps; 
June 27. 1947. 

'The Future of Aeronautical Radio.' by P. C. 
Sandretto. International Telecommunications Labo-
ratory , July 14, 1947. 

'Navigation Aid Equipment," by P. C. Sand-
retto. J. P. Arnaud, and I. C. Grant. International 
Telecommunications Laboratory; July 18. 1947. 

"Ground- Controlled Approach." by D. G. 
Gir6n; July 25, 1947. 

EMPORIUM 

'Microwave Relaying,' by B. F. Wheeler. 

Radio Corporation of America; August 1, 1947. 
'Signal Seeking Auto Receiver." by V Wiley. 

Colonial Radio Corporation; August 1. 1947. 
'Micromicrowave Radar." by M. G. Nichol-

son, Colonial Radio Corporation; August I, 1947 
'Guided Missiles." by R. B. Graham. Bendix 

Aviation Corporation; August 2, 1947. 
'Television Today." by G R. Towne, Strom-

berg-Carlson Company; August 2. 1947. 

HOUSTON 

'Prospecting for Petroleum." by S. 1Caufman. 
Shell Oil Company; July 16, :947. 

M ILWAUKEE 

'A Few Special Electronic Developments.' by 
E. D. Cook, General Electric Company; April 15, 
1947. 

'The Engineer and Unionization.' by L. Hill, 
Editor, FdectrIcal World; April 16.1947. 

'The Brush Sound Mirror." by T. E. Lynch, 
Brush Development Company; May 23, 1947. 

Election of Officers; May 23. 1947. 
'A Wisconsin Holiday." by K. E. Vaillencourt. 

Milwaukee Museum; June 25. 1947. 

Sass Disco 

'The Mechanism of the Electric Spark in Air 
at Atmospheric Pressure." by L. B. Loeb. Univer-
sity of California. and H. Margenau, Yale Univer-
sity; August 5, 1947. 

The following transfers and admissions 
were approved on September 9, 1947, to be 
effective October 1, 1947: 

Transfer to Senior Member 

Applegate, H. E., 2125 Yucca. Fort Worth. Tex. 
Broding. It.. A., 2921 Kingston, Dallas II, Tex. 
Chodorow, M.. 117 -01 Park Lane South, Kew 

Gardens. L. L. N. Y. 
Cline. J. F.. Department of Electrical Engineering. 

University of Michigan, Ann Arbor, Mich. 
Coykendall. J. C., General Electric Co.. 1285 Boston 

Ave.. Bridgeport 2, Conn. 
Exon, F. C., c/o Amalgamated Wireless (A/Asia), 

Ltd.. Box 163. Suva. Fiji islands 
Irk-welling, J. D., Engineering and Technical Ser-

vice. OCSig0. Room 3B-285. The Penta-
gon, Washington 25. D. C. 

Flocken. L. H., 1119 Lunt Ave.. Chicago 26. III. 
Howard, L W., 212 N. Locust Ave.. Inglewood. 

Callf 
(Cesseinsed dm pegs 364) 

of radio phonograph 

equipment have long 

dreamed of a tone arm cartridge. . . relatively 

inexpensive. . . that would provide constant, true, 

quiet reproduction . . . simplify replacement 

service . . . and insure customer good will and 

satisfaction. Astatic's new "QT" Crystal Pickup 

Cartridge is such a dream come true. 

Here is a genuine crystal cartridge designed spe-

cifically for home record players . . . a cartridge 

which employs a matched, replaceable needle 

of unique design, with guarded sapphire or pre-

cious metal tip. Reasonably high in output, the 

"QT" Cartridge requires no expensive equalizer 

or tubes, thereby lowering both manufacturer 

assembly and customer replacement service costs. 

For quiet faithful reproduction, freedom from nee-

dle talk, relatively high output, excellent tone 

range, record protection and all around 

economy, Astatic's new "QT" Cartridge 

is today the talk of the trade. 

CORPORATION 
CONNEA UT.  OHIO 

. fffff C.1110.41  l( 1,0 '010010 °o no., 

A mmo Coysiol Dor ms Mosoiochood 
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*o g lr H E BEsr  
N 

1/ Andrew Coaxial Transmission Line 

i/Andrew Installation of Line and Antenna 

At FM frequencies, transmission lines are tricky. 
That's why broadcasters who value reliability buy 

ANDRE W transmission lines. Having bought the best, they 
find it good business to have Andrew engineers install it. 
ANDRE W field crews are supervised by radio engineers 

of long experience, because we believe that steeplejacks 
alone cannot properly install transmission lines, antennas, 
and lighting equipment. If you prefer to employ your own 
workmen, we'll gladly furnish a supervisory engineer. 
ANDRE W coaxial transmission line, and installation 

service, may be purchased directly from the factory; or 
through any FM transmitter manufacturer. If you buy an 
FM package, be sure to specify ANDRE W. 

J. M. Troesch of WSTV is one of 

many satisfied ANDREW customers. 
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AN DREW CO 
363 EAST 75th STREET • CHICAGO 19 COMPLETE CATALOG 

Pioneer Specialists in the Manufacture of o Complete Line of Antenna Equipment 

(Continued from page 33A) 

Killian, T. J., 47 Maryland Ave., Annapolis, Md. 
Kluender, E. C., 1214 Teall Ave., Syracuse 6, N. Y. 
Learned, V. R., 2 Prescott St.. Garden City, L. I., 

N. Y. 
Lester, J. M., 15 Elk St., Apt. 313. Hempstead, L. I., 

N. Y. 
Lower, R., 215 S. Adams, New Carlisle, Ohio 
Malvarez, L. M.. Cangallo 1286, Buenos Aires, 

Argentina 
Miller, D. M., Airborne Instruments Laboratory, 

Inc.. 160 Old Country Rd., Mineola, L. I.. 
N. Y. 

Morris, M. M., 92 Barker Ave., Eatontown, N.J. 
Nagy, A. W., 8621 Georgia Ave., Silver Spring, Md. 
Nelson, J. W., Jr., 1221 Glen Cove Road, S., Syra-

cuse. N. Y. 
Olson, E., 162 Haddon Ave.. N.. Hamilton, Ont., 

Canada 
Roys, H. E., 1401 Maple Ave.. Haddon Heights, 

N. J. 
Shick, N. E., 947 James St., Syracuse 3, N. Y. 
Schwartz, L. S., Apt. 3C, 104 Irvington St., S. W., 

Washington 20, D. C. 
Sears, R. W., 15 Harvard Terrace, West Orange, 

N. J. 
Sensiper. S., 96 Garden St., Garden City, L. I., N. Y. 
Tilley. H. H., WEAN, Yankee Network, Inc.. 

Crown Hotel, Providence 2, R. I. 

Torsch, C. E., 506 Wilton Rd., Baltimore 4, Md. 
Weber, L. J., 6631 N. Oshkosh Ave., Chicago 31, III. 
Wightman. E. R., Box 392, Route 1, Belmar. N. J. 
Wilkens, W. B., 85 Tennis Place, Forest Hills, L. I.. 

N. Y. 
Wolfe, J. E., 1016 Bertrand, Manhattan, Kansas 
Woll, .C. F., 121 Ivy Rock Lane, Havertown, Pa 

Admission to Senior Member 

Adams, M. D., Room 1823, 60 Hudson St., New 

York 13. N. Y. 
Burns, R. 0., U. S. Navy Electronics Laboratory. 

San Diego 52, Calif. 
Cambridge, C. G., 400 Riverside Drive, New York 

25, N. Y. 
Chauvierre, M., 47 Boulevard Suchet„ Paris 16, 

France 
Hadfield, B. M., 121A Brattle St., Cambridge 38. 

Mass. 
Hatchett, S. E., 104 Grover St., East Syracuse, 

N. Y. 
Hoeppner, C. H., 100 S. Stuart St., Essex 21. Md. 
Mayer, C. G., 21 White Oak St.. New Rochelle, 

N. Y. 
Moe, C. It., 4625 El Cerrito Dr.. San Diego 5, Calif. 
Riehs, R. C., 217 Bath Ave., Long Branch, N. J. 



MID-CONTINENT EQUIPS GROUND • STATIONS WITH NEW... 

WILCOX VHF 
Transmitters and Receivers 

NE W FEATURES OFFERED IN FIXED 

FREQUENCY EQUIP MENT FOR 118-

136 Mc. BAND 

• Design Simplicity Simplifies Service 

Simple, conventional circuits minimize the num-
ber and types of tubes, and require no special 
training or test equipment for adjustment. 

• Co-Axial Transmission Line Relay 

Allows Common Antenna 

An automatic transfer relay with co-axial con-
nections permits operation of transmitter and 
receiver from same antenna. 

• .005% Frequency Stability Without 

Temperature Control 
A newly developed crystal eliminates need for 
thermostatic temperature controls and ovens. 

• New Noise Limiter Means Better 

Reception 
With noise 33 times as strong as desired sig-
nal, the receiver output is perfectly intelligible. 

• Selectivity Permits 100 Kc. Adjacent 

Channel Operation 
Straight sided, flat topped selectivity response 
curve assures a minimum of interference from 
adjacent channel transmitters. 

'7,thtere 7oceav for co mplete information 

on this compact,high performance equipm•nt 
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Your magnetic recorder 
can help fight death 

• By training young doctors in step-by-step surgery, the 

magnetic recorder you design can be a teaching weapon 

that helps fight pain and death. There are endless fields in 

teaching alone that magnetic recording will revolutionize. 

Start this vast new industry off right —look into Brush 

Magnetic recording components today: 

Brush Paper Tape 

1...0 Easy to handle 

1„..0 Extreme low-cost 

1,..0 Can be edited ... spliced 

Greater dynamic range 

1,..0 Minimum wear on heads 

1,0‘ Excellent high frequency repro-

duction at slow speed 

tosf Permanent . . . excellent repro-

duction for several thousand 

play-backs 

kor Easily; erased 

Brush Paper Tape will be furnished you either in bulk in varying widths or 

1225 ft. 1/4 -inch wide on a metal reel (standard item). 

These latest developments in magnetic recording equipment can now be 

obtained for radio combinations and other uses. Brush engineers are ready 

to assist you in your particular use of magnetic recording components. 

The Brush Development Co. 
3405 Perkins Ave. 

38.x 

Cleveland 14, Ohio 

(Continued from page 364) 

Pope. W. T.. Jr.. Box 31, Sea Girt, N. J. 
Rea. R. W., 2204 Marigold. Fort Worth 3, TeL 
Redcay, P. W., 659 Monroe St.. N. E., Washington, 

13. C. 
Rook, C. W.. Department of Electrical Engineering, 

University of Nebraska. Lincoln 8, Nebr. 
Sod. R. K-F., 10 E. 96 St.. New York 28,N. Y. 
Sherwood. H. R.. 35-05 -87 St.. Jackson Heights. 

L. I.. N. Y. 
Smith. H. B:, 4912 -40 Place. Hyattsville, Md. 
Stephenson, J. G., Airborne Instruments Labor-

tory, Inc.. 160 Old Country Rd.. Mineola, 
L.  N. Y. 

Turner. II. E.. 2437-C Tusitaia St., Honolulu 11, 
T. H. 

Admission to Member Grade 
Abascal, N.. Merced 323, Santiago. Chile 
Berkey, W. E., Westinghouse Electric Corp., 2211 

W. Pershing Rd., Chicago 9, Ill. 
Burgess, J. E., 1644 E. 78 St., Chicago 49. III. 
Canavan, J. J., Electr•nics Training Officer, U. S. 

Maritime  Service  Training  Station, 
Sheepshead Bay, Brooklyn. N. Y. 

Dabinett, J. T., Route 3, Cedar Rapids, Iowa 
Day, J. P., 3565 Ingraham St.. San Diego 9, Cal. 
Easley. L. E., 43 Ashwood Ave.. Dayton 5. Ohio 

Estelle, W. E., Electrical Engineering Department, 
North Carolina State College, Raleigh, 
N. C. 

Fogg, J., 29 Ennerdale Rd., Prenton, Birkenhead. 
Cheshire, England 

Fuller, W. D., Electrical Engineering Department, 
Iowa State College, Ames, Iowa 

Grosvenor, A. C., Naval Research Laboratory, 
North Beach, Md. 

Hare. M. D., 619 Cowper St., Palo Alto. Calif. 
Hauser, C. R.., Box 776, Eureka, Calif. 
Hegyi, I. J., RCA Laboratories. Princeton, N. J. 
Hood, F. D., 1315 N. E. Roselawn St., Portland 11, 

Ore. 
Katzelis, N. G., c/o G. ICatzells & Co., 18 Lycurgue 

St.. Athens, Greece 
LaViolette, F. G., Research Laboratory. General 

Electric Co., Schenectady, N. Y. 
Lee, R. F., 2704 -31 St., Lubbock, Tex. 
Leftwich, L. L., 741 H Ave., Coronado, Calif. 
Lienhard, J. W.. Box 444, Santiago, Chile 
Lichtenstein, M. J., 3405 Gates Place, New York 

67. N. Y. 
Mack, P. W., 1270 Broadway, New York I, N. Y. 
Martin, 0. L.. 3353 S. Stafford St., Arlington, Va. 
Miller, D. G., 24 Arlington Ave., Ottawa, Ont.. 

Canada 

Mills. M. M.. 512 Highland Rd., Lexington, Va. 
Minnich, E. L., 38 Wilson St., Carlisle, Pa. 
Musk, H. A., 1604 Popland, Baltimore 26, Md. 
Ross. E. H.. 3337 Bennett Dr., Hollywood 28, Calif. 
Sheppard, T. W.. 5320 Eighth St., N. W., Washing-

ton, D. C. 

Stang!, F. P.. 90-02 -171 St., Jamaica, L. I.. N. Y. 
Tennis, J. E., 109-33-217 St., Queens Village, 

L. I.. N. Y. 
Tucker, G. L., 2221 Waverly Pl.. Waukegan, Ill. 
Weiss, M.. National Bureau of Standards, Washing-

ton 25. D. C. 
Woolsey. R. J., 2440 N. Kedzie Blvd., Chicago 47. 

IlL 

The following admissions to Associate 
were approved on September 9, 1947 to be 
effective October 1, 1947: 

Alper, A. D., 520 Cathedral Par '.way, New York 
25, N. Y. 

AndrY. J. R.., 5050 N. Broadway. Chicago. Ill. 
Bateman. G. H., 7371 N. Ridge Blvd., Chicago 43. 

Beaudine, D. M., Box 219. Anchorage, Alaska 
Bemis, R. E.. 5371 St. Louis Ave., St. Louis 20, Mo 

(Continued on page 40.1) 
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ALLEM-BR AD LET 

SOLID MOLDED 

FIXED 

RESISTORS 

SEND FOR THIS HANDY RESISTOR CHART 

Type J Bradleyometer 
provides any 

Resistance-Rotation Curve 

The resistor of the Type J Brad• 

leyometer is a solid molded ring. 

During manufacture the resistor 

material is varied throughout the 

circumference of the molded ring 

to provide any desired resistance-

rotation curve. 

The resistor unit is molded as a 

one-piece ring with terminals, face 

...plate, and threaded bushing im• 

bedded in the ring. The contact 

between brush and resistor unit 

improves with age. 

PROCEEDINGS OF THE I.R.E.  October, 1: iT 

RESISTORS 
for INDUSTRIAL 

ELECTRONIC  APPLICATIONS 

FIXED RESISTORS—Available in 1/2 -watt, 
1-watt, and 2-watt ratings from 10 ohms to 22 
megohms in all RMA standard values. Will 
sustain an overload of ten times rating for 
several minutes without failing. The leads, tem-
pered near the unit to prevent sharp bends, 
are easily soldered. Conveniently packed in 
honeycomb cartons that speed up your as-
sembly line operations. 

ADJUSTABLE RESISTORS —The Type J Bradleyometers are the 
only continuously adjustable composition resistors with a 2-watt 
rating and high safety factor. Solid molded element—not a film, 
paint, or spray type. A high-quality adjustable resistor that is 
ideal for important industrial, radar, and other electronic equip-
ment. Stands up in severe service. Unaffected by heat, cold, 

moisture, or age. 

Allen-Bradley Co., 114 W. Greenfield Ave., Milwaukee 4, Wis. 

ALLE  BR  DLEY 
-----RESISTORS• 011. 

QU A LITY 

---RELAYS--

39A 



THOR' ARSON 
TRANSFORMERS 

4-tee 18 95 
740 9,44440tree 

Zeatio Pellovitagee 
For well over half a century Thordarson has lead the field in 

the development of fine transformer equipment. First to build 

transformers for specific applications in industry, Thordarson has 

pioneered many developments, among them the superior coil 

and core materials used throughout its entire line ... A 

vigorous policy of research and development, together with 

an unusually high production standard has made its name 

a guarantee of quality.. 

an assurance of trouble-free 

performance among engineers 

everywhere. 

Our technical staff would welcome an oppor-

tunity to assist you with your transformer prob-

lems. Send us full details as to your require-

ments today. ... For Gen•ral applications, the 

new 1947 Thorda.son Transformer catalog is 

now available. Send for your free copy today. 

h. 

M nfliaesom 
EL E C T R O NI C  DI S T RI B U T O R  A N D 

IN D U S T RI AL  S ALE S  DE P A R T ME N T 

MAGUIRE INDUSTRIES, INC. 
500 W. HURON STREET • CHICAGO 10, ILLINOIS 
EXP ORT—S C HEEL  INTER N ATI O N AL, IN C ORP OR ATE D 

4237 N. LI N C OL N AVE N UE • CHI C A G O 18, ILLI N OI S 

CABLE -- HARS C HEEL 

(Continued from page HA) 

Berkery, E. A., NATTC, Ward Island. Barracks 18, 
Corpus Christi, Tex. 

Bertram, M. A., 3822 Superior Ave.. Silverton 13, 
Ohio 

Best, I. H.. 5382 Brodeur Ave., Montreal, Que.. 
Canada 

Blood, D. F.. 1535 No. 23 Ave.. Melrose Park. HI. 
Bobrow, E. N., 64 Mississippi Ave., West Orange, 

Boutle, H. R.. 39 The Ridgeway, Margate, Kent. 
England 

Brown, 0. A., 1836 East Burnside, Portland 14. Ore 
Bruyr, C. R.. 2450 Meade St., Denver. Colo. 
Busacker, J. W., 1024 M. & M Building. Houston 

2, Tex. 
Charlton, J., 103-22 -123 St., Richmond Hill, N. Y. 
Deig, J. J.. Box 192, Rio Piedras, Puerto Rico 
Devine, P. F., Jr., 321 Monohan Dr., Louisville 7. 

Ky. 
Ducker, J. D., 1725 Orrington Ave., Evanston. Ill. 
Dumon, I.. H., 4858 Albermarle St., N. W., Wash-

ington, D. C. 
Egri, E., Wallenberg-utca 5, Budapest, Hungary 
Fink. L. H., 692 Hutchings Dr.. San Leandro, Calif. 
Frame, T. E.. 2420 Banger, Baltimore 30, Md. 
Fry. A. L., Jr., 1224 Grand Ave., Des Moines. Iowa 
Gaspierik, M. S.. 618 Sixth Ave., Lyndhurst, N. J. 

Grammes, E. G., Jr.. 928 Silva St.. Long Beach 5. 
Calif. 

Handly. E. J., 316 Huntington Ave.. Boston IS, 
Mass. 

Harrison. W. L., 3633 W. 147 Pl., Midlothian, Ill. 
Harwan. E., 1317 Sheridan St., Camden 4, N. J. 
Heidelmeler. R. F., 4109 N. Monticello Ave., 

Chicago 18, Ill. 
Hensen, W. C., 5050 N. Broadway St., Chicago 40, 

ILL 
Howard, R., 83-30 Kew Gardens Rd., Kew Gardens, 

L. I., N. Y. 
Hoyes, V. V., 609 E. 170 St., New York 56, N. Y. 
Iverson. M. M.. 575 N. First, East, Logan, Utah 

Kilmister. S. J., Assistant Controller of Telecom-
munications. Posts and Telegraphs De-
partment, Kuala Lumpur. Malaya 

ICliment. P.. 160 E. Pearson St.. Chicago 11, ill. 
Knittle. D. L., c/o General Delivery. Riverton. Wyo. 
ICresnicka, J. J., 195 E. Chestnut St.. Chicago 11 

Lange, E. C., 910 Circle Ave.. Forest Park, M. 

Larsen, L. J.. 5856 N. E.32 Place, Portland 11, Ore. 
Lassila, A. A., 1476 Belle Plai ce Ave., Chicago 13. 

Lozo, K. G., Box 4674, Anacostia Station, iNashing-
ton, D. C. 

Lukashewitz, P.. 384 E. Tenth St., New York 0 
N.Y. 

Lyerly, E. E.. Box 512, Naval Base, S. C. 
Lynch, D. M., 421i S. Rampart Blvd., Los Angeles, 

Calif. 
Magruder, A. B., 3615 Norbourne Blvd., Louisville 

7, Ky. 
Maklary, J. R., 1625 E. Pryor Ave., Milwaukee 7, 

Wis. 
Mas, G. E., 24 Huntington Ave., Lynbrook. N. V. 
Maia, J. R., de B., 456 Tupinambas, Belem, Para 

Brazil 

McCarty, J. M., 7301 Isben St., Chicago 31, III, 
Mead, W. L., 3205 S. Dixie, Dayton 9, Ohio 
Padilla, P., Juan Bautista Alberdi 2452, Buenos 

Aires, Argentina 
Parker, H. W., Sylvania Electric Products, Inc.. 

83 -30 Kew Gardens Rd., Kew Gardens, 
L. I., N. Y. 

Peterson, J. E., Northern Hotel, Box 1527, Anchor-
age. Alaska 

Puca, Q. J., 604 South Bend Ave., South Bend, Ind. 
Ralston, R. W., 1632 Juneway Ten., Chicago. Ill. 
Ramanathan. G.. "Lekshmi Nivas." Talicad, Tri-

vandrum, S. India 

(Continued on page 424) 
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IMITATED.. .NOT DUPLICATED 
The K-IRAN is not the first or the best miniature i.f. 

Transformer. 

The K-TRAN is not a miniature i.f. Transformer at all. 

The K-IRAN is the best if. Transformer available re-

gardless of size. 

Almost every major set manufacturer now has de-

signed K-TRANS into one or more models. 

Keep ahead of competition by using K-TRANS in all 

your new designs. 

Design your chassis to 

use  /0?-r7m; , 262 KC, 

455 KC, 10.7 MC 

ECONOMICAL—K-TRANS cost less to purchase — 

less to use. 

EFFICIENT—K-TRANS will duplicate or exceed the 
performance of your present i.f. Transformers. 

STABLE—Permeability tuning, magnetic shielding of 
windings, silver mica condensers combine to give a 
stability never before obtainable in a standard 
commercial if. Transformer. 

VERSATILE—Recent additions to the K-TRAN line 
provide a K-TRAN for every price or performance 
need. 

1/70 M4 TIC 
MANUFACTURING 
C O R P O  R  A  T  I O N  1   

MASS PRODUCTION COILS & MICA TRIMMER CONDENSERS  
9 0 0  P A S S A I C  A V E E A S T  N E W A R K,  N.  J. 



THEY EASE THE DESIGN OF 
ELECTRONIC EQUIPMENT 

Most electronic circuits include variable ele-
ments. And variable elements must be con-
trolled. In converting these circuits into actual 
equipment, one problem facing the designer 
is the location of the variable elements and 
controls. The elements must be placed for 
optimum electrical efficiency and ease of 
assembly and wiring—the controls, for operat-
ing convenience and harmonious panel arrange-
ment. 

Engineers will find a ready answer to this 
problem in S.S.White remote control flexible 
shafts. Simply use these shafts as couplings 
between the variable elements and their con-
trol dials. Then you are free to place both the 
elements and the dials where you want them. 
And as for performance, these shafts operate 
as easily and smoothly as a direct connection. 
They're engineered expressly for the job. 

WRITE FOR THIS FLEXIBLE SHAFT HANDBOOK 

260-pages of facts and technical data 
about flexible shafts and how to apply 
them. A copy sent free if you write for it 
on your business letterhead and mention 
your position. 

•••., 

S.S.WHITEINDUSTRIAL 
THE S. S. WHITE DENTAL MFG. CO.  DIVISION 

DEPT. G 10 EAST •Oth ST.. NE W YORK IC N. T..... 

1,1,1111 SA•ITS  •  ILC1144. ANAIl IC•011  •  •i•CA•11 •CCISSO...11 

SMall C1.111 .0 AND 0•1“011.71 ,OCAS  •  Sri( .A• /011.41,11• •1,011.4•S 

N OMAD 11114110•11  • M A W(  • COM MA(' ASA PICA YOU "! 
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Reidel. M., Caste111 12. First floor "A," Buenos 
Aires, Argentina 

Ribner. M.. 581 Gilbert St.. Columbus 5. Ohio 
Robertson, T. M.. III Eastmoor Dr., Silver Spring. 

Md. 
Rokes, N. W., 5507 West Gladys, Chicago 44. IlL 
Rosenbaum, G., Hotel Loughran, HazeIton, Pa. 
Ross, E. S.. 4771 N. 23 St., Arlington, Va. 
Ruble. H. E., 3011 Athens Ave., Dayton 6, Ohio 
Ruetz, L. L. A., The Pine Crest, West Dunes High-

way, Michigan City. Ind. 
Scheffel, A. G.. 36 Millbourne Ave., Upper Darby, 

Pa. 
Scott. G. G.. 42 Highmeadow Rd., Manhasset. L. I., 

N.Y. 
Sekay, S. J.. 44 Courtenay Rd., Rose Bar, N. R. W., 

Australia 
Shearer, C. A., Box 5, Emporium. Pa. 
Staake, D. E., Norwich University, Northfield, Vt. 
Stefanik, S. M., 216 Springfield St., Chicopee, Mass. 
Strotha, J. F., Headquarters. Air Transport Com-

mand. Washington 25, D. C. 
Taylor, W. F., 4431 Lily Ponds Dr., N. E., Was), 

ington, D. C. 
Thompson, H. A., 2451 Carlsbad Way. Sacrament,. 

Calif. 
Todd, G. B..3601 English Ave., Indianapolis 1, Ind. 
Toporeck, E. R.. It & D-Electronics, Naval Ordn• 

ance Test Station. Inyokern. Calif. 
VIton, E. J., 14513 Potomac Ave., East Cleveland 

12. Ohio 
Watson, J. It., 3630 N. 18 St., Philadelphia 40, Pa. 
Weimer. L. M., 133 Westwood Ave., Dayton 7, 

Ohio 
Wille, E. F.. 2460 N. 55 St.. Milwaukee 10, Wis. 
Wilson. E. L., 303 W. 94 Pl., Chicago 20, III. 
Worthington. J. W.. Jr.. 6301 Delmar Blvd., Um 

versity City. Mo. 
Zellmer. E. J., 5840 S. California Ave., Chicago 2' 

We will be grateful if 

you will mention Pro-

ceedings of the IRE 

when writing to our ad-

vertisers. 

42A 
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WHEN YOU IrlIkVE 10 

CHANGE  DRIVERS, 

YOU 

0/VEDRIVER FITS ALL SIZES OF 

REED & PRINCE RECESSED-HEAD SCRE WS 

W hether auto-race driving or screw-driving — you waste time and 

speed when you have to change drivers! When you use the Reed & 

Prince ONE DRIVER method, you do not need to change drivers 

for varying screw sizes. There is no fumbling, no shifting, no wast-

ing time. Remember, ONE Reed & Prince driver fits ALL Reed & 

Prince recessed-head screws and bolts. Good workmen appreciate 

this fast, modern, efficient method — and it shows up to advantage 

on your time sheet. 

REED & PRINCE 
M A N U F A C T U RI N G  C O. 
CHIC A G O,  ILL.  W ORCESTER,  M ASS. 

MANUFACTURING 
Recessed and Slotted 

Wood Screws  Sheet Metal Screws 
Machine Screws  Stove Bolts 

Also 
Cop Screws  Set Screws 
Machine Screw Nuts  Wing Nuts 
Rivets and Burrs  Rods 

Screw Drivers and Bits 
Specialties 
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ONE ANTENNA 

GETS BOTH 

Television-FM 

• 

With the emphasis in radio 

reception turning to Television 

and FM, Premax FM-TV An-

tennas are meeting the demand 

at a low initial cost. They cover 

all frequencies from 44 to 216 

mc. 

This Antenna has a "V" dipole 

element with extended arms. The 

dipole elements are of seamless 

brass tubing and assembly fit-

tings are solid brass castings. The 

novel "V" type design allows 

proper impedance matching to a 

300-ohm line. Total assembled 

weight  with  straight-grained 

hardwood support mast and 

cross-arm, is about 4 pounds. 

See it at your radio jobber's. 
If he cannot supply you, write 
direct for specifications and 
prices. 

remax  ucls 
,5;oft oP ch;,hoi—• 

Div. Chisholm-Ryder Co.. Inc. 

4111 Highland Ave.  Niagara Falls, N.Y. 

NE WS—NE W PRODUCTS 
These manufacturers have Invited PROCEEDINGS readers to write for literature and further technical 

information. Please mention your I.R.E. affiliation. 

Frequency Standard Tuning-
Fork Type 

Recently announced by American Time 
Products, Inc., 580 Fifth Ave., New York 
19. N. Y., tce new equipment item (Type 
2001) illustrated below covers any fre-
quency in the range from 200 to 100 cycles. 

Its over-all size is 4i" X31"X6A' high; 
weight 1 lb., 10 oz.; power requirements, 6 
volts a c. or d.c. at 0.6 ampere, or 120 to 
350 volts d.c. at 0.008 ampere. 
Type 200I-L, not shown, covers any 

frequency in the range from 40 to 200 
cycles. 
Units are compact and designed to 

permit integrating into basic equipment, 
and the low heater and "B" current drain 
permits use of basic-equipment power sup-
ply. The fork itself is of bimetallic con-
struction, making a close approach to a 
zero temperature coefficient possible. The 
fork assembly is housed in a hermetically 
antishock-mounted container, making it 
immune to barometric or altitude changes 
and vibration. The electron-tube circuit 
utilizes a constant-amplitude-stabilized 
feedback network. The frequency is as 
specified by user. Frequency accuracy is 1 
part in 100,000 (0.001 %). Temperature 
coefficient is better than 1 part in 1,000,000 
per degree centigrade in the temperature 
range from 0° to 65° C. Output is 5 volts 
at 150,000 ohms impedance, approximately 
sine wave. A calibration sheet is furnish( 
with each unit. 

• 

NOTICE 

Information for our News and New 
Products section is warmly welcomed. 
News releases should be addressed to 
Mrs. Harriet P. Watkins, I.R.E. In-
dustry Research Division, Room 707, 
303 West 42nd St., New York 18, 
N. Y. Photographs, and electrotypes 
if not over 2" wide, are helpful. 
Stories should pertain to products of 
interest specifically to radio engi-
neers. 

New Fast-Compensating 
Ceramic Capacitor for 

F.M. Receivers 

To compensate for the drift in the isolat-
ing circuit of f.m. receivers where 6SB7 
or similar tubes are used, the Electrical Re-
actance Corporation, Franklinville, N. Y., 
has designed a drift stabilizer that can be 
produced with any temperature coefficient 
or capacity required. For example, this 
unit may consist of a steatite capacitor 
rating of 5 Apfd. combining a resistor 
element of 15 ohms as an inherent part 
of the unit. The manufacturer claims that 
the curve of compensation can be con-
trolled by the amount of resistance wire or 
heating element placed around the steatite 
base tube. Where a fast-heating unit is 
required, a low-resistance element will be 
used. Or, for a slower curve of compensa-
tion, the resistance would be increased, 
thus reducing the heat upon the ceramic 
compensating capacitor and slowing the 
compensation curve. 
The entire unit is compact and finished 

in a phenolic covering. 

Subminiature Tube 
The redesigned subminiature electrom-

eter tubes, of which Type VX-41 is illus-
trated here in actual size, are now being 
produced by The Victoreen Instrument 
Company, 5806 Hough Ave., Cleveland 3, 
Ohio. 

/4c4exa Soe 

It is claimed that the new design in-
corporates a change which reduces micro-
phonics to a minimum. In many applica-
tions this has not been a critical factor, 
but for some uses the new low-micro-
phonic feature widens the scope of success-
ful application. In d.c. amplifiers the new 
tube will meet exacting demands.  _ 
Filament voltage,  1.25 volts 1(opt); 

filament current, 10 ma.; grid current, less 
than 1016 amperes; grid resistance, great-
er than 10" ohms. 

(Continued Dos page 464) 
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NOW AVAILAVLE FOR IMMEDIATE SHIPMENT! 
TWO PARTY 

INTERCO M 

SPECIAL 

$29.50 
Ideal for factory or office use. 
Momentary  Press • to - Talk 
switch provides fast positive 
action. Built for rugoed use. 
has terrific pick-up.  115 v. 
50-60 cy. panel controls in-
cludes volume control 110 v. 
evatch 11011 sae. s-weIght 28 
lbs. Complete with tubes and 
additional  speaker  in metal 
case. 

UCH 

HS-16 HEADSET 
8000 ohms HI-Impedance 
Noise proof 
Most sensitive phone built 
May be used as a sound 
powered Intercom  • 

Light.  durable.  efficient. 
Molded neoprene earcups 
shaped to completely en-
velope entire ear. Adjust-
able steel headband ex• 
tends  or  retracts.  Es• 
Peclally suited to hams. 

commercial  operators.  aircraJt  pilots,  recording 
enolneers and  many others  Can  be used with 
simple xtal to make complete radio  $2.49 
receiver. Special   

Original cost 825.00  .49 
6 (not extension cord   

A MERTRAN VOLTAGE REGULATOR 
(TRANSTAT) 

17.4 amps, maximum output 2 KVA %incite phew 
115 v. 50 to 60 ev. 90 In 130 v. shlopina *Mehl 2J' 
lbs. -a marvelous buy -First come  $24.95 
first served    

PI ONEER GENE M OTOR HI GH 

PO WER O N W HEELS 
Delivers output 500 V. Ca) 160 mils. Input 6 or 12 
V. -completely filtered -has relays and  magnetic 
circuit breakers in specially constructed  casing. 
The job that will deliver the watts to that mobile 
rig.  Slightly  used,  perfect  condition  
Specially priced   

G. E. INTERLOCK SWITCH 
HI•voltage Is lethal -protect yourself and family -
this switch automatirally shuts off HI-volt. circuits 
while adjustments are being made-low pressure-
hi current capacity. positive  $2.49 
action. Silver plated contacts. Pr.   

CONDENSERS 
CF. I-2MFD 400 V. DC   $ .39 
CF. 5-2MFD 600 V DC.   .60 
CF. 6-4MFD 600 V. DC.   .75 
CF. 8-Tobe Dual 8MFD 600 V. DC. fits 4 

prong socket   1.25 
.90 
1.10 
1.89 
.39 
5.50 
1.19 
1.50 
2.10 
6.75 
1.20 
.69 
1.40 
4.95 
16.95 
14.95 
1.35 
1.09 
1.20 
1.98 
3.49 
2.39 

CF.10-1MFD 1000 V. DC. 
CF•13-4MFD 1000 V. DC.   
CF•14-4MFD 1500 V. DC.   
CF.19.1MFD 600 V. DC.   
CF.22 -2MFD 4000 V. DC.   
CF.27 -IMFD 2500 V. DC.   
CF-28-7MFD 800 V. DC.   
CF-29-2MFD 2000 V. DC.   
CF•30-1MFD 5000 V. DC.   
CF•3I--8MFD 600 V. DC.   
CF-32-4MFD 400 V. DC.   
CF-33-•10MFD 600 V. DC.   
CF•37--8MFD 2000 V. DC.    
CF-40-2 87MFD 3500 V. DC.   
CF-41 -'15MFD 12.000 V. DC.   
CF.42 -7MFD 600 V. DC.   
CF•43-6MFD 600 V. DC.   
CF•44-1000MFD 25 V. DC.   
CF•45 -.IMFD 3500 V. DC.   
CF-46-1MFD 3500 V. DC    
CF-47 -6MFD 1500 V. DC.   
CF-48--.05MFD  2500 V.  DC.  Perfect for 

Television    
CB•12 -.2MFD 2000 V. DC  
CB-14-.5.5-9000 V. DC. 
CB•18-.25MFD 4000 V. DC.   
CB-35--.5MFD 2000 V. DC.   
CF-34 -2MFD 440 V. AC.   
CB-16-.IMFD 440 V. AC.   
CB-21 -.25MFD 20,000 V. DC  

BATH TUB 
C13•13-.1-.1MFD 600 V. DC.   
CB•17 -.5MFD 400 V. DC.   
CB•19 -100MFD 25 V. DC.   
CB-20-2MFD 400 V. DC.   
CB-36 -.25MF0 600 V. DC.   

1.09 
2.75 

  19.95 
2.95 
2.10 
.98 
.79 

  19.95 

.45 

.39 

.59 

.59 

.39 

Mallory Vibrapack 12 V. Input. 150 v GI 85 mils 
output -Extra  $3.75 
Special at 

75.000 ohm bleeder, 200 watts  $1.65 
Ohrnite--special 
50.000 ohm bleeder. 100 watts, 
I.R.C. 

.89 

DYNA M OTOR 
12 V. dynamotor -Ideal for portable 2 meter r10 -
low battery drain. 235 v. nulaut at 90 mils. Can 
be run at 50% overload -gloat up to 110 mils at 
215 y. withnut clammy, for continuous duty -corn• 
pieta with filler.  
Special 2 for   

Write For Latest Flyer I SL 

NE W, STANDARD BRAND TUBES 
TYPE  PRICE  TYPE  PRICE  TYPE  PRICE 
A3   980  12SK7  89c  808  295 
A701  I  10  12S8701  79c  809  1  50 
HOG   98c  12S0761  ...99c  811  .....  .1.95 
1.4  I  10  12 KS  1  25  812  325 

14136   990  812H  690 
114  1  29  28137   750  813  595 
14  1  10  30  78c  814  449 
115   99c  34  980  815  2  25 
N5GT  I  10  3523  990  826   1.75 
8218  3.50  351.13  990  8298  395 
1.85  I  92  32L7  I  50  830B  525 
135  I  10  35W4  890  832  2  25 
S5  I  10  37  69c  832A  2  25 
04  1  10  38  89c  837  2  50 
305GT  1  10  39/44  59c  838  3  75 
3S4  I  10  41   690  860  3  00 
6A67/1853 ..99c  45   64a  5514  395 
6AC7   990  46  650  7193  49c 
6/105  99c  47  90c  8005  325 
6A07  990  50135  I  59  8011  ..... ..4.95 
OAKS  99c  501-6   1; N:4  495 
6AL5  990 70L7  1  49 
bAT5  98c  7IA   690  024  1  25 
6134  1  29  75  690  2D21   75c 
bB6G  890 7I3A  I  65  2X2   84c 

6B8   99c  717A   12550 1215  1  95 2 6C4  640 954  7  95 
6C5   51c  955  75c  5R4GY  1.15 
6C21  12.95  956  75o  514   98c 
6C6   75c  957  750  5U4   98c 
606   75c  958A   75o  5W4  98c 
615   51c  959  750  5Y3   60c 
6F6   950 1614    1.75  5Y40   59e 
6F60   800  9001    1.15  523  89c 
617  I  25  9002  98c  524   89c 
6F8  I  10  9003  98c  6X5   89c 
6G6  I  10  9004  98c  2526  98c 
6H6   59c  9005  9130  35Y4  99c 
6H6GT   690 9006  69c  3525  99c 
634  1  50  10Y  I  50  80  75c 
615   590  15E   1.50  82  98c 
616  89c  H F100  695 83  940 
617  800  H Y69  1  75  83V   980 
610   690  HY75  1  25  84  90c 
6K7   79c  HY615  1  25  2I7C  7.50 
6K8  1  25  T20  I  95  250R  3  95 
6L6  I  25  1240  2  95  836  I  15 
6L613  1  20  V7013  6  90  866A  750 
61.7   98c  I OOTS/  3.00  872A  2.25 
6N7  1  25  2C26A   75c  884  750 
6137   98c  2C34  I  15  991   50c 
6SA7   90c  2C40  2  60  2050  90c 
6SC7   85c  2014  I  75  2051   90c 
6S15   790  2E25  3  95  8020  5  95 
6S67   890  2E30  225 R K60  175 
6SH7  650  2132  20.00  RK72  350 
6S.170T  690  2333  20.00  VR78  75e 
6SK7  790  211  1  25  VR90   75c 
6SL7   89c  2158   20.00  V R105  75c 
6SN7GT  ... 690  3C241  1.35  VRI50  750 
6S117   890  3E29/  2  95  2225  1  95 
6SR7  890  751  2  95  874  I  95 
6S57   750 304TH  985 1613  95c 
605   98c  3041L  495 1616  295 
61250   98c  307A  6.25  1619  98c 
6U5   98c  446A  260 1624  98a 
6V6G1  99c  6C4   64c  1625  98, 
6Y60  89c  703A  750 2API  2  25 
7AE7   75c  705A  495 3API  345 
7C4  1  50  715B  495 38P1  2  95 
717  I  25  723A/B  5BPI  395 
71701  1  39  800  2  25  5BP4  5  45 

I  10  80IA  1  25  5CPI  395 
I2SA7GT   99c  802  I  19  76P7  795 
12SG7   89c  803  895 913  500 
12SH7  890  805  315 70P4   14.95 
12S17  79c  807  95e  7EP3   18.95 

NO MAIL ORDER FOR LESS THAN 85.00 

A MPHEN OL COAX CONNECTORS 
83-ISPN   $0.45 
83-IR  45 
UG- 12, U   .59 
83-17    1.49 
83-1AP    .79 
UG•28•U    1.10 
83-1F   .9' , 

SELSYN M OTORS 

Synchronous Type 
Pair In Series for 110 v. AC. 

Type 1-5 1/2 " long. 3" dla. -50 v. AC. 50 
cy. -3 lbs.  $ 9.95 pr. 

Type 11 -6l/s " long. 41/2 " dia. -115 V. 
AC. 50 Op. -1 I oz.   12.95 pr. 

Type 111 -2'/x"  long, 21/2 " dia. -50 V. 
AC. 50 cy. -I I oz.   8.95 pr, 

SYNCHRO  DIFFERENTIAL 
Model 01943 -C78249-CAL•11280 Bendlx 
Aviation 115 n.-60 cy. 6" length to 
end of shaft x 4".." diameter  $ 9.95 

NE W BANTA M BLO WER 
Blower 6 v. AC or DC hi speed blower made by 
John  Oster.  Rated  at  5000  RPM -i.8  AMP -
made for continuous duty -1 ,'," overall diameter 
-I" blower o5tput -1 1/2 " blower Intake $5.95  

CONTINUITY CHECKER 
Neon type-in black metal box 3- 8." 8 5" x 3''," 
complete with leads A AC Cords  . $2.50 

300 OHM TWINEX -unaffected by molsture -will 
handle 3 kilowatts of R.F. -losses at 40 MC per 
100 It., are 3 10 DB. Best buy In the .08 house. per loot   

CRA MER 

TI MER 
Type :7766346P2 ad-
lustable  from  1.30 
sec.  S.P.D.T,  with 
starting relay for re• 
mote  control  motor 
and contacts separate. 

$9.95 
Tspe  tP7766346P4  adjustable  from  4-120  see. 
I' S T.  normally  closed  motor  and  contacts 

i. pa rate $6.95 

ii011111 
FULL  W AVE  SELENIU M 

RECTIFIER 
Per'ect for bias appli-
cation - Use your DC 
relays  from  an  AC 
source.  Only  requires 

3"  s" mounting space Rectifier for 
input us to 300V 46 40 ma output. 

$.89 or 5 for $4.00 

R. F. INDICATOR PROBE 
ZhOl -has a fixed Ohl (VHF) type and a pick 
uo  coil.  Coax  lead.  coax  connector  at  end. 
Probe has 4" bakelite handle. Used with • 0-1 
Ma. meter across It. For checking R F. In Ones, 
neutralizing finals. etc.   $1.98 

HEINE MANN CIRCUIT BREAKERS 
10 Amp. 117.5 V. AC., Curve 1   $1.25 
0.010 amp coll. 2310 V., Rect. D.C. Curve I  
Res. 5000 ohms Max.   $2.95 

TRANSF OR MER SCO OP 
TC•5-Western Elec--KS9547 -332.0•332 v  244 
MA. 10 v. C.T. 10 A., 2.5 v C.T. 46 10 A., 
2.000 v. Inc. 5.1 y. (a) 3 A.. 6.4 v. C.T. 
5 A. -Will supply every voltage for rig except 
plate of modulators and final   $4.25 

TS 9-Western Electric -0303184 -Hi. Volt 4200 
•  . MA Lo. Volt. 640 v 46 200 MA -FR. 

.  5 A.. 5.4 V. 46 3 A.. 5.1 v a 3 A.. 
r. a 1.75 A., Complete Television Hi & Lo. 

volt.  Trans.  In one compact oil filled  unit -
Wm handle any television tube -  $12.95 

TS 6-Scope Transformer-2500 V. gi) .4 A.. 2.5 V. 
a 1.75 A  63 v. Z .6 A.   $9.95 

TCH 2-Scope Transformer 1750 V. 0) 4 MA and 
matching ill.. trans 6.3 V. 6) .8 A  2.5 ti. 
1.75 A., 2.5V, 4 1.25 A.   $7.95 

HF 16-Filter Choke 10 Ho'. 6) 150 MA  $  .95  
LC 2-25 MH R.F. Choke   $  .59 

METERS 
MM 4-0•100MA Model 301 Weston 3''s"  $3.95 
MM 10-0-1 amp DC-Model 301 Weston Ws"  3.95 
MM 14-0-150MA NX 35 Westinghouse 31/2 "  3.95 
MM 19-0-800MA Weston Model 30IMA  3.95 
MM 33-0•IMA•MD•300 1 K-McClintock 31/2 " 3.95 
MR 13-0-8 R. F. amp -425AM• Weeton 31/2 " . 4.95 
MZ•1-0.130  v.  AC-25  to  125  cy. -376M 

Weston 32"    3.95 
MV 8-0-4 K.V. DC -Roller-SmIth 31/2 " • • . 2.95  

RELAYS 
KR 5-Leach Type 1357 -115 y. AC -DPDT 82.00 
KR 6-Struther Dunn -115 v. AC -DPDT $1.65 
KR 10 -Allied PCS5910 -115 v. AC 10 amp con-
tacts TPDT    $1.98 

KR II-Allied :KS5910-115 v. AC 4 PDT 10 A. 
contact   $2.50 

KR I2 -Struther Dunn -I15 v. AG-2 relays on 
one mount. SPOT 8. SPST 10 A. cont. 83.95 

KR  13 -Kurman  Elect.  :X1400  D.C.  overload 
relay with AC reset coil 115 V. AC SPOT 14.95 

KR  IS -Sperry -Thermo Time Delay ADJ  15-45 
Sec. 115 sr. AC 60 to SPOT .  $3.50 

KR 17 -Leach -117761 -115 v. AC Ceramic maul, 
TPDT  $1.75 

KR 2I -Wheelock Sig. -115 v. AC -5 Amp Con-
tacts DPDT -B3 a 4  52.25 

KR 22 -0 E. :CR2790E105 -115 v. AC or 230 AC 
Heavy Duty DPDT  $4.95 

KR  24--Adlake  Mercury  Time  Delay  Relay -
:1040.80 normally opened .3 to 5 see 115 AC 

$8.95 
KR•25--Struther Dunn -I15 v. AC 30 amp. con-
tacts DPST  $4.95 

KR 26 -G.E. Instantaneous over current relay -
Type PBC 3 amps 46 115 v.  $24.95 

Birnbach No. 4175 feed thru Insulator .29 

ROTARY  SW ITCH -3  deck  9 Position  non. 
shortening ceramic, wafer,. Each  ..  $1.25 

R.F. Choke RI54 IMH 46 H600 MA with mount• 
ing bracket   $1.25 

R. F. Choke 3.'s MH  100 MA on ceramic with 
threaded mounting hole   .18 

All Prices f.o.b. N.Y.C. NIAGARA RADIO SUPPLY CORP., Dept. R TO RATED ACCT'S 
CREDIT EXTENDED 

160 GREEN WICH STREET, NE W YORK 6, N.Y 
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V. 

News—New Products 
A 

TRUSCON 
RADIO 
TOWER 
supports the 

FM 
antenna at 

WROL 

• Typical of Truscon 
advancements to meet the 
newest requirements in 
radio is this tower for the 
Stuart Broadcasting Company, Knoxville, Tennessee. 

This is a Truscon Self-Supporting Tower supporting an 
8-bay FM antenna. 

To meet varying conditions and requirements in any 
installation, Truscon Radio Towers are available in guyed 
or self-supporting types, either tapered or uniform cross 
section, and can be built to any height for AM or FM service. 

Call in Truscon engineers during the early stages of your 
plans for antenna installations. Their experience assures 
satisfactory, trouble free operation today—tomorrow— 
and during the years to come. Truscon can help toward 
the correct antenna decision—toward orderly and efficient 
transition to the newest in radio. 

TRUSCON STEEL COMPANY 
YOUNGSTO WN 1, OHIO 

Subsidiary of Republic Steel Corporation 

Manufacturers of a Complete 

Line of Self-Supporting Radio 

Towers ... Uniform Cross-

Section Guyed Radio Towers 

...Copper Mesh Ground Screen 

...Steel Building Products. 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your I.R.E. affiliation. 

(Continued Irom page 444) 

Commercial F. M. Transmitter 
Completion of the commercial 50000 

watt frequency - modulated transmitter 
of pre - production design was recently 
announced by the Broadcast Equipment 
Sales  Section,  Radio  Corporation  of 
America, Camden, N. J. 
Employing a new type of mechanical 

construction, and a specially designed 
high-frequency power tube, the new RCA 
transmitter delivers 50000 watts at any 
frequency in the 88- to 108-Mc. band. 

Danna Pratt, manager of RCA Broad-
cast Equipment Sales, is shown examining 
one of the specially constructed grounded-
grid tank circuits, and the newly de-
veloped RCA 5592 high-power, high-fre-
quency tubes used in the amplifier circuits 
of the f.m. transmitter, type BTF 50-A. 
Forced air is circulated throughout the 
housing and over the cooling fins of the 
tubes, into exhaust ducts. The heated air 
removed from the tubes may be used to 
heat the transmitter buildings. 

Artificial Ear Coupler 
Recently developed by Massa Labora-

tories, Inc., of 3868 Carnegie Ave., Cleve-
land 15, Ohio, the artificial ear coupler, 
Model M-I12, shown below, is a two-piece 
stainless-steel structure which conveni-
ently provides either a 2-cc, or a 6-cc. 
closed chamber for use in obtaining re-
sponse characteristics of earphones. 

The smaller volume has been widely 
adopted for the calibration of insert-type 
earphones, and the larger cavity has been 
similarly adopted for the calibration of 
earphones with head bands. 
When the artificial ear is used with the 

upper flange portion in place, a total 
chamber volume of 6cc. results in the 
cavity. With the upper flange piece re-
moved, a 2-cc. cavity is provided. 

(Continued on page 484) 
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EVERY DESIGN ENGINEER 
SHOULD HAVE A COPY 

SEND FOR 

YOURS TODAY! 

DM WORD 

If you are concerned with material specifications, you'll find ideas 

on solving wear problems in this 28-page booklet—because LINDE 
Synthetic Sapphire is a material for key parts on which successful 

operation of a whole machine or instrument can depend. 

This booklet describes the sucessful uses of this material, the colors, 

forms, and grades available; and gives a complete properties chart. It's 

full of pertinent illustrations—a picture-caption story of fabricating 

techniques, including LINDE'S time-saving developments. 

You'll want this new booklet — send for it on your business letter-

head. Ask for Booklet 4-1. You will incur no obligation. 

A;11Zelel̀, A IRA Dr UAPV OF THE LINDE AIR PRODUCTS COMPANY 

THE LINDE AIR PRODUCTS COMPANY 

Unit of Union Carbide and Carbon Corporation 

30 E. 42nd St., New York 17, N. Y. 1TTW  Offices in Other Principal Cities 

In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 
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AT 

sT A MF O R D 

However, in acIffal eests of .this unit vol Under 

tage stabilization flSer 5 .  full   
Y"sg lo 

all 0.2   was held Sorensen performance factors. 

Input voltage   output ....... 95.I25 

Adiustable  between-110-120 

Load range .........  .. 100.2000 VA 

Regulatio n accuracy- ..... .. ..... 0.2% 
H armonic  

Input frequency range...55-6S cycles 

IT  IS  "A  N ATURAL" 

F O R  C O N TR OLLI N G 

V O L T A G ES I N L A B-

O RATORIES, ASSE MBL Y 

LI NE TESTI N G A N D AS 

A  C O MP O NE N T  O F 

Y O U R EL E C T RI C A L 

U NIT. 

for the latest 

in electronic 

developments 

LANS 01, BM W 0 >W. 
INA M,10. 000OLK7 

100  110 

.4.41 , 01A U 

1=1 Send me the Electronics Journal -Currently- regularly in addi-

tion to the resume on -Electronic Baneiies. -

NAME   

COMPANY 

ADDRESS  

TITLE 

SORENSEN & COMPANY, INC. 
375 FAIRFIELD AVE. •  STAMFORD, CONN. 

News New Products 
These manufacturers have Invited PROCEEDINGS 

readers to write for literature and furtive, techakal 
Information. Please mention your  affiliation. 

(Continued from page 46A) 

Valpey Xtalector 

A practical gadget to facilitate rapid 
QSY from one frequency to another has 
been developed by Valpey Crystal Corp., 
1244 Highland St., Holliston, Mass. 
The Xtalector mounts two or three 

crystals and provides instant QSY from 
one crystal to the next by merely turning 
the knurled rim. Simplicity of contact de-
sign does not add capacity or loading to 
the crystal. Unused crystals are com-
pletely out of the circuit. 
Ruggedly constructed of glossy molded 

bakelite, the Xtalector is designed to give 
lifetime contacts. Accommodates Valpey 
type-CM5 crystals having 0.094'-diameter 
pins with f" spacing. Xtalector is supplied 
in two types to fit either i• or 1' sockets. 

Electrometer Triode 

The special Tube Section of. Raytheon 
Manufacturing Co., Newton, Mass., has 
announced the commercial availability of 
CK570AX, a nonmicrophonic electrometer 
filament-type subminiature triode. Typical 
applications are in electrometers, radio-
activity meters for health surveys, positive 
ion collectors in mass spectrographs, and 
similar low-current collector applications. 
The tube features small size, low grid cur-
rent, low microphonics, and low battery 
drain. 

(Continued on page 59A) 

To Your 
Co m munity 

Chest 
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ar.4 caw 
test the paper for density. ... thickness 
. porosity.. . power factor. . . 

chloride content . . . dielectric con-
stant ... dielectric strength. 

And then test the foil for thickness ... 
purity . . . softness of the anneal. . . 
freedom from oil . . . cleanliness of 
surface . . . absolute smoothness. 

And then test the liquid dielectric for 
specific gravity. ... viscosity. ... power 
factor . .. color. .. . acidity . . . flash 
point . . . dielectric strength . . . di-
electric constant ... insulation resist-
ance ... water content. 

And after that, test every single finished 

capacitor for shorts, grounds, and 

ecia/t9 
ito45 

FOR 
Motors 

Luminous-tube 
transformers 

Fluorescent lamp 
ballasts 

0 
opens at overvoltage between termi-
nals and between terminals and case 
. . . and measure the capacitance of 
every single unit ... and then check 
every single capacitor to see that it 
has an air-tight, leak-proof hermetic 
seal. 

Oot ce,act ea(2 
buy General Electric capacitors. ..which 
have already passed every one of 
these tests 
... on the materials when they were 
made. 
. . . and again before they were used. 

GENERAL 

Industrial control 

Radio filters 

Radar 

Electronic equipment 

Communication 
systems 

Capacitor discharge 
welding 

AND MANY OTHE 

Flash photography 

Stroboscopic 
equipment 

Television 

Dust precipitators 

Radio interference 
suppression 

Impulse generators 

R APPLICATIONS 

HO W TO 

BE SURE 

YOU GET 

THE BEST 

... and on the capacitors during 
manufacture. 
. .. and then, finally, on every single 
capacitor before shipment. 

SPECIALTY CAPACITORS 

General Electric makes a wide vari-
ety of specialty capacitors, all of 
which must pass similar comprehen-
sive tests. For full information on 
types, ratings, dimensions, types of 
mounting, and prices, address the 
nearest General Electric Apparatus 
Office or Apparatus Department, 
General Electric Company, Schenec-
tady 5, N. Y 

ELECTRIC V),  
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A  Ille 
II - • Or'.  . 

a.  .,  ..r 
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Just Published 
here is an outstanding new book that 
covers practically all the mathematics 
needed to solve everyday design problems 
in radio, electronics, radar, and allied 
fields. Relates fundamental concepts to 
physical  applications.  Deals  with  the 
,olution of typical problems and gives 
applications that represent most recent 
advances in radio engineering. 

Mathematics for 
Radio Engineers 
By Leonard Mautner, Research Engineer 

Allen B. Du Mont Laboratories 

For 

• Practicing 
Engineers 

• Radio School 
and College 
Students 

• Radio 
Technicians 

• Radio Service 
Men 

327 Pages $5.00 
Illustrated. 
Graded 

Problems and 
Answers 

This practical, easy-to-read text includes 
mathematical  analysis  of  frequency, 
amplitude and phase modulation —spec-
trum analysis of television sawtooth and 
synchronizing pulses— Wien bridge cir-
cuit analysis—determinant solution of 
networks  for  phase-shift  oscillators— 
differentiation, integration and sawtooth 
generation circuits for television. 

Send /or a Copy on Approval 

PITMAN PUBLISHING CORPORATION 
2 West 45th Street  New York 19, N.Y. 

TELEVISION 

ENGINEERS 

Several  project  engineers  re-
quired with experience in: 

1) television receiver production 
or circuit development 

2) design, operation, and main-
tenance  of television  test 
equipment. Familiarity with 
the operation of synchroniz-
ing-signal  generators  and 
sweep generators is desirable. 

This is an unusual opportunity to 
join  a progressive, congenial 
group and participate in an in-
teresting program of develop-
ment. 

Write details to 

'FELE-TONE RADIO 

I 'Olt PORATION 

Employment Section 

540 West 58th Street 

New York City 

The following positions of •interest to 
I.R.E. members have been 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. 

RADIO ENGINEER 

Radio Engineer development of military 
receivers for low frequency and micro-
wave regions. Must have three to four 
years experience in receiver design. Loca-
tion New York City. Salary up to $4500. 
Box 476. 

ENGINEERING ASSOCIATE 

Will offer a partnership in prospective 
professional consulting service to engi-
neer with B.S. degree or better who is 
desirous of striking out for himself but 
who has been financially restricted. Must 
have experience in all phases of broad-
cast engineering including directional an-
tenna array design and Affi reparation of 
F.C.C. broadcast station arplications both 
AM and FM. No investment required. 
West coast. Please give full particulars. 
Replies will be treated confidentially. 
Write to Box 478. 

TEACHERS OF ELECTRICAL ENGINEERING 

State land grant college in northwest 
has openings for power and electronics 
men. Salaries $3000 to $4200 for nine 
months. Write giving references and com-
plete personal data to Box 479. 

SALES ENGINEERS 

Old established manufacturer of broad-
casting equipment has openings for sev-
eral qualified sales engineers. An oppor-
tunity to have a good income selling equip-
ment to broadcasting stations. These 
positions require men having a thorough 
knowledge of the field of broadcasting 
both from a technical and business stand-
point. Give full details in reply concern-
ing past employment, age, education, mari-
tal status, remuneration expected, Snd lo-
cation preferred. Box 480. 

PHYSICIST OR ELECTRONIC ENGINEER 

Wanted: Top flight physicist or elec-
tronic engineer. Should have Ph.D. or 
equivalent experience. Must be capable of 
heading up large development projects as 
well as performing original theoretical 
and experimental research. Congenital 
working atmosphere amongst many form-
er  Radiation Laboratory person-
nel. Will nay salary commensurate with 
experience and ability. Write: Laboratory 
for Electronics, Inc., Att : Sims McGrath, 
610 Newbury Street, Boston 15, Mass. 

(Continued on page 52.4) 

WANTED 
PHYSICISTS 
ENGINEERS 

Engineering  laboratory  of precision 

instrument manufacturer has interest-

ing opportunities for graduate engi-

neers with research, design and/or 

development experience on radio com-

munications systems, electronic am.-
chanical aeronautical navigation In-

struments and ultra-high frequency It 

microwave technique. 

WRITE FULL DETAILS 

TO 

EMPLOYMENT SECTION 

SPERRY 
GYROSCOPE 

COMPANY, INC. 

Marcus Ave. & Lakeville Rd. 
Lake Success, LI. 

RADIO DESIGN 

ENGINEERS 

• 

Westinghouse Electric 

Corp. at Sunbury, Pa., has 

openings for experienced 

radio-design engineers ca-

pable of supervision of 

complete home radio-re-

ceiver design. For applica-

tion write Manager, Tech-

nical  Employment,  306 

Fourth Avenue, Pittsburgh 

30, Pa. 
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In Step with Electronic Progress . . . 

Modern Hermetically Sealed Instruments 

SEALED LIKE A VACUU M TUBE 
100 %  GU A R A NTEE D! 

Progressive  manufacturers  of  electronic 
equipment declare an hermetic seal is as impor-
tant in a meter as it is in any other product 
component. That's because meters are just as 

susceptible to the harmful effects of dust, mois-
ture, corrosive fumes and other destructive fac-
tors as resistors, capacitors or transformers. 

LOOK AT THE FEATURES 

DUR A BLE 

SHIEL DE D 

INTER-
CH A NGE ABLE 

M ARI ON 

"4 for 1" FEATURE 

THE NAME "MARION" MEANS 

THE "MOST" IN METERS 

Therefore, hermetically sealed meters are a 
"must" in achieving top product performance. 

MARION HERMETICS ARE NOT PREMIUM PRICED 
Marion glass-to-metal hermetically sealed meters offer you 
the accuracy, superiority and extended life of an hermeti-
cally sealed component at a price no higher than most 
competitive unsealed instruments. All Marion hermetically 
sealed instruments are 100 % GUARANTEED. 

OF MARIO N "HER METICS" 

. . . Unaffected by extremes of heat or cold . . . permanently 

protected against dust, dirt, moisture . • . instrument malfunc-

tioning minimized. 

. . . Heavy steel case gives magnetic and electrostatic shielding 

so important in modern high frequency equipment. 

. . . The Marion case, with its high conductivity plating, elimi-

nates the need for separate shielding and permits interchange-

ability on any type panel without affecting calibration. 

Interchangeable Round and Square Colored Flanges . . . one 

instrument can thus fill four different needs: 

1. Round  3. Rectangular 

2. Round for Steel Panel  4. Rectangular for Steel Panel 

WRITE FOR FURTHER INFORMATION. 

MARI ON ELECTRICAL 
INSTRU ME NT  CO MPA NY 

, Manchester,  Ne w  Ha m pshire 
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HOW TO BUY 
SPECIAL 
TRANSFORMERS 

from 

STANDARD 
PARTS 

•••• 

Mounting type 130, 2 hole 
horizontal mounting lead 
holes on bottom or side of 
shell. Ratings 15 to 100 VA. 

Mounting type 121. 
Available in ratings 
from 35 to 2500 VA. 
Taps to suit your 
needs. 

The special physical design 
or special electrical char-
acteristic transformers you 
may need can probably be 
engineered from Acme 
Electric standard lamina-
tions and parts to the exact 
mechanical dimensions and 
electrical performance re-
quired. No need for special 
dies, tools or other expen-
sive production materials. 
Here are a few of the Acme 
Electric designs available. 

Mounting type 131 with 
end bells. Leads out bot-
tom or side. Ratings 35 
to 500 VA. 

Mounting type 100. 
Available in ratings 
from 3 to 40 VA. 

Mounting type 110. 
Available in ratings 
from 35 to 2500 VA. 

Mounting type 150. 4,hole 
horizontal mounting. Lead 
holes on bottom or side of 
shell. Primary tap changer 
on top. Ratings 35 to 
500 VA. 

Write for Specification Transformer Bulletin 168. 

ACME ELECTRIC CORPORATION 
44 WATER STREET  +  CUBA, N. Y. 

(Continued from page 504) 

ENGINEERS 

I LEAD OF CATHODE RAY TUBE 
RESEARCH. Under direction of Super-
visor of Electronics and in the coopera-
tion with the Electron Optics Group, he 
will direct applied research on the develop-
ment of improved cathode ray tubes for 
commercial television. Responsibilities in-
chide: setting un of processes, scheduling 
and direction of design, testing and screen 
application. 
CATHODE RAY TUBE DESIGN 

ENGINEER. Carry out experimental re-
search on and desisrn of electron guns for 
improved television cathode ray tubes us-
ing the theoretical information available 
from the Electron Optics Research De-
partment and the customary cathode ray 
tube model shop facilities. 
CATHODE RAY TUBE TEST EN-

GINEER. Test experimental models of 
television cathode ray tubes in coopera-
tion with the Design Engineers and carry 
out the modifications a the test equipment 
for the testing of such special tubes. Ex-
perience in the design of television video 
and scanning circuits desirable. Position 
includes responsibilities with maintenance 
of cathode ray test tubes equipment but 
not for initial design or construction. 
Apply to Supervisor of Employment, 

Industrial  Relations Department, Syl-
vania Electric Products, Inc., 40-22 Law-
rence Street, Flushing, New York. 

RADAR AND ELECTRONIC ENGINEERS 
GUIDED MISSILE DEVELOPMENT 

Engineers needed for new missile guid-
ance and control project. Bachelor's de-
gree in Electrical Engineering or Physics; 
Master's degree very desirable, or equiva-
lent advanced study of mathematics, elec-
tronics, applied physics. Analysis and/or 
development experience in one or more; 
radar equipment; electronic timing and 
control circuits; electro-mechanical servo-
mechanisms; guided missile control and 
testing. Salary to $7500 depending upon 
qualifications. Write or phone Mr. F. 
Melograno, Pilotless Plane Division Fair-
child Engine and Airplane Corp., Farm-
ingdale, N.Y. 

DESIGN ENGINEER 

Excellent opportunity for experienced 
electrical and mechanical engineer, with 
old established central Connecticut plant, 
who can translate intricate precision elec-
tro-mechanical parts and assemblies into 
designs for mass production. Ability to 
develop model-shop components into pro-
duction line designs of paramount impor-
tance. Write or wire Box 481. 

TELEVISION INSTRUCTOR 

Television instructor with degree in 
physics or electrical engineering. Some 
practical experience in the field necessary. 
Salary commensurate with ability. Perma-
nent position. Progressive school. Write 
Louisville Radio School, 413 W. Jefferson. 
Louisville, Kentucky. 

(Continued on page 544) 
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the tubes to generate ... 

rirtiffwv ene/y, 
The Sperry Klystron Tube to generate 
ultra-high-frequency microwaves . . . 

The Sperry Klystron Signal Source 
to "power" them. 

The Sperry Microline to test and 
measure them . 

These Sperry products equip the 
research or development engineer 
with every essential for development 
or design in the microwave field. 

The Sperry Klystron Tube has 
already opened up new vistas in 

navigation, aviation, medicine, radio, 
telephone, telegraph and other major 
applications. It is ready for many new 
local oscillator or high power uses. 

The Sperry Microline includes 
practically every type of instrument 
for qui k precision measurements 
in th microwave frequency bands. 

This Sperry service — beginning 
with a source of microwave energy, 
the Klystron, and following through 
with every facility for measuring 
microwaves — opens up almost un-
limited possibilities for industry. 

We will be glad to supply com-
plete information. 

Sperry Gyroscope Company, Inc. 
EXECUIIVE OFFICES: GRI M NICK, NI W YORK  •  DIVISION OF THE SPERRY CORPORATION 

NEW YORK • CLEVELAND • NEW ORLEANS • LOS ANGELES  • SAN FRANCISCO • SEATTLE 
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Eeeel,t4fetee Recifeteaeed 
POWER SUPPLIES 

PRECISION 

ACCURACY ACCURACY 

PERFORMANCE 
Built to rigid U. S. Government Specifications 

SPECIFICATIONS  

INPUT-115v. 50-60 cycle 
REGULATIONS—Less than 1/20 volt change in output voltage with change of from 

100-140 V.A.C. input voltage & from NO-LOAD to FULL-LOAD (over very wide 
latitude at center of variable range) 

RIPPLE—less than 5 millivolts at all loads and voltages 
DIMENSIONS—Fits any standard rack or cabinet (overall: 19 in. wide: 121/4 in. high: 

II in. deep; shipping wt.-100 pounds) 

TYPE A —VARIABLE FROM 210 TO 335 V. D. C. OP 400 M. A. 

TYPE BI —VARIABLE IN TWO RANGES: 450-600 and 600-890 

V. D. C. Gil 125 M. A. 

CONSTRUCTION FEATURES  

Weston model 301 (or equal) milliammeter and voltmeter • Separate switches, pilot 
lights, and fuses for FIL and PLATE VOLTS • All tubes located on shockmount assemblies 
• Fuses mounted on front panel and easily accessible • Can vary voltage by turning 
small knob on front of panel. Can easily modify Type B1 from POSITIVE to NEGATIVE 
output voltage • Individual components numbered to correspond with wiring diagram. 
Rigid construction: components designed to withstand most severe military conditions, 
both physical and electrical; and were greatly under-rated. 
All units checked and inspected at 150% rated load before shipment. 

{Type A: 2-836; 6-6L6; 2-65F5; 1-VR150; 1-VR105 
Tub. complement: 

Type B1: 2-1336; 2-61.6; 2-65F5; 1 -VR150; 1-VR105 

IMMEDIATE DELIVERY 

NET PRICES —F. O. B. BALTIMORE, MD. 

TYPE A —$189.00  TYPE B1 —$185.00 

Complete with tubes and ready to plug in— Prices sublect to change without notice 

NATIONAL RADIO SERVICE CO. 
Reisterstown Rd. & Cold Spring  Lane  Baltimore 15, Md. 

(Continued from pope 324) 

SONAR ENGINEER 

Wanted by leading west coast manu-
facturer experienced sonar design en-
gineer for important military and com-
mercial work. Should be capable of han-
dling complete design from development 
to production. Please include full particu-
lars and salary requirements in first letter. 
Box 482. 

RADIO ENGINEER 

Radio receiver engineer, Junior or Sen-
ior, experience with component parts in-
cluding permeability tuners desirable. Lo-
cation Chicago. Excellent opportunity and 
security. Reply in confidence giving train-
ing experience, age and salaries. Box 483. 

MANUFACTURING ENGINEER 

Manufacturing  engineer,  Junior  or 
Senior. Experience in making transform-
ers, loud speakers, permeability tuners, 
and metal parts desirable. Location, Chi-
cago. Reply in confidence giving training, 
experience, age and salaries. Box 484. 

ENGINEER 

Research and development project en-
gineer with experience in Klystron or 
Storage Tubes development wanted by 
medium size nationally known manufac-
turing concern in New England. Salary 
open. Write giving details and experience 
Box 486. 

PHYSICIST OR ELECTRICAL ENGINEER 

Graduate physicist or electrical engineer 
for product development work with manu-
facturer of electroacoustic and electro-
mechanical devices. Please write stating 
education, experience and salary. Box 487. 

ENGINEERING PROFESSORSHIPS 

Outstanding technical school in Chicago 
has openings in radio, industrial electron-
ics, and electric power engineering fields. 
Unusual opportunities can be offered men 
possessing desirable industrial, research 
or teaching experience. Write giving field 
of interest and outline experience. Box 
488. 

RESEARCH SCIENTISTS 

Scientists willing (and able) to apply 
their ability to theoretical analyses which 
are to be the basis of important decisions 
affecting national security are invited to 
communicate with research organization 
located in a large eastern city. We require 
outstanding  mathematicians,  physicists, 
physical chemists, and other scientists with 
strong analytical bents, at both senior and 
junior levels. Members of this group have 
the satisfaction of seeing the results of 
their work translated into immediate ex-
ecutive action on a large scale. Working 
conditions are favorable; there is scope 
for initiative: and many privileges nor-
mally attached only to academic positions 
are available. All of our men are expected 
to keep abreast of their scientific specialty, 
and opportunities will be given to some of 
them to continue their own research from 
time to time. The salary is commensurate 
with the best industrial levels for the ex-
perience offered. Send complete informa-
tion to Box 489. 
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ENGINEERS 

Microwave engineers wanted. Labora-
tory experience essential (industry or gov-
ernment). Positions of Junior Engineers, 
Engineers, Senior Engineers. Permanent. 
Salary relatively high. Video men also 
wanted. You are invited to visit our mod-
ern plant and talk to our engineers, or 
write us your job history and education. 
Motorola, Inc., 4545 W. Augusta Blvd., 
Chicago 51, Illinois. Att. Mr. E. Dyke. 

ENGINEERS, PHYSICISTS, 
MATHEMATICIANS 

To fill 10 positions on seismograph field 
parties scattered throughout the Rocky 
Mountains, Mid-Continent and Gulf Coast 
states. Duties consist of operating seismic 
recording instruments, or computing seis-
mic data, or alidade surveying seismic 
locations. Nature of work requires sev-
eral changes of address per year; part of 
it is outdoors and part indoor; certain 
operations performed under standard pro-
cedure, others require ingenuity and initi-
ative; salary $200-$300 per month to begin 
with excellent opportunity to advance for 
those with practical ability. To apply write 
giving scholastic and employment back-
ground, age, nationality, and family status 
to Box 490. 

JUNIOR ENGINEERS 

Microwave research and other advanced 
radio work, requiring college degree and 
natural aptitude. Opportunity for valuable 
experience and advancement in a small, 
growing organization. Suburban location 
on Long Island near New York City. Send 
personal record to Harold A. Wheeler, 
Wheeler Laboratories, Inc., Great Neck, 
New York 

PHYSICISTS, RESEARCH ENGINEERS, 
TECHNICIANS 

Growing research and manufacturing 
concern in suburban Philadelphia, special-
izing in multi-gun cathode ray tubes, has 
attractive openings, particularly for those 
experienced in vacuum tubes, photo sur-
faces and electron optics. Electronic Tube 
Corporation. 1200 E. Mermaid Avenue, 
Chestnut Hill, Philadelphia 18, Pa. 

PATENT ATTORNEY 

Patent Attorney wanted having thor-
ough understanding of the physics of 
electronics and electro-magnetic radia-
tions, capacity for further study of these 
and other subjects and the ability to ex-
press himself in concise scientific lan-
guage; should be registered patent attor-
ney and member of Bar or prepared to 
engage in the study of law. Salary com-
mensurate with qualifications. State age, 
and education and experience in full. 
Preferably enclose small photograph. Box 
491. 

ELECTRONIC ENGINEER 

Graduate engineer with major in elec-
tronics is required for development of 
industrial and medical electronic equip-
ment. Must have good scholastic record 
and have ability to do original work. Sal-
ary open. Send full details of education 
and experience. Write Perkin-Elmer Cor-
poration, Glenbrook, Conn. 

PILOT LIGHT 
ASSEMBLIES 

PIN SERIES —Designed for 
NE-51 Neon Lamp 

Features 

• THE MULTI-VUE CAP 
• BUILT-IN RESISTOR 
• 110 or 220 VOLTS 
• EXTREME RUGGEDNESS 
• VERY LOW CURRENT 
Write for descriptive booklet 

The DIAL LIGHT CO. of AMERICA 
FOREMOST MANUFACTURER OF PILOT LIGHTS 

900 BR O AD W AY,  NE W  YORK  3,  N. Y. 
Telephone—Algonquin 4-5180 

" Woormilleter" 

Newly developed direct-reading instru-
ment simplifies measurements of variations 
in speed of phonograph turntables, wire 
recorders, motion picture projectors and 
similar recording or reproducing mechan-
isms. 
The Furst Model I15-S "Wow-Meter" is 
suitable for both laboratory and produc-

tion applications and eliminates complex 
test set-ups. 

The Model I15-R incorporates an addi-
tional amplifier stage so that a direct-ink-
ing recorder may be connected for quali-

tative analysis of speed variations. Send 
for Bulletin 115. 

Designers and Manufacturers of Specialized Electronic Equipment 

F U R.S T  E L EC T R O NIC S 
North Avenue at Halsted St., Chicago 22, Illinois 
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it Some thing new in 
NI tube mounting! 
!!! • Lighter 
UI 

• More economical 
• Better looking 

••4414 4 40#14 

H ere's a new mounting for forced-air-
cooled power tubes that will help you 
cut equipment costs. (The insulator sec-
tion is made of "Pyrex" Brand glass.) 
As this part now lends itself better to 
mass-production methods than previous-
ly available ceramic types, we are able 
to pass along substantial savings to you. 
Most important, it's better dielectric-

ally . . . easily withstands any thermal 
or r-f temperature encountered in nor-
mal service ... is only half the weight, 
yet has higher compression strength per 
cubic inch. The transparent, high-qual-
ity glass makes it easier to inspect; you 

IMMEDIATE DELIVERY .. . 

are assured of perfect mounts every time. 

Standardized ...performance proved: 
RCA tube mounts and water jackets are 
complete, Performance tested, ready to 
use. You save designing costs. Many tube 
and equipment manufacturers have 
found it advantageous to order these 
cooling devices for direct resale to their 
customers or to incorporate them in 
their own products. 

Compact ... efficient: Take little space 
. . . permit easy insertion and removal 
of tubes without loss of head room. 
Tubes stay cooler, last longer. 

on most forced air mounts and on all water jackets 
in quantities from 1 to 300, with larger orders delivered on fast schedule. 

TUBE M OUNTS A ND ACCESSORIES SECT/ON 

RADIO CORPORATION of A MERICA 
ENGINEER/NO PRODUCTS DEPARTMENT. CAMDEN, N.J. 

In Canoda: RC A VICTOR Company Limited. Montreal 

Check your tube types for free data and prices 

Tube Mounts and Accessories Section. Radio Corporation of America 
Box 67-J, Camden, N. J. 
Please send me information and prices on jackets and mounts for the following tubes: 

WATER-COOLED 
09C21  E 862A 

0 207  880 

[11 858  889 

0 1891A 
892A 

O 893A 

O 898A 

1:1 TC24 

9C22 

0 9C25 

AIR-COOLED 

0 9C26 

El 889R 

Name    Title 

Company   

Street Address   

89IR 

)892R 

0  893A-R 

City  Zone   State 

*  * *  * 

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 
column, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. mem-
bers who are now in the Service or have 
received an honorable discharge within a 
period of one year. 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 number of insertions is 
three per year. The Institute necessarily 
reserves the right to decline any announce-
ment without assignment of reason. 

RADIO ENGINEER 
B.S.E.E. Age 24. Married. Some grad-

uate work, 2 years high frequency oscil-
lator and antenna design, development, 
RCA. Half year radio frequency engi-
neer, CBS. Half year microwave relay 
advisor, Army Signal Corps. Desires 
highly responsible position. Box 105 W. 

AVIATION RADIO ENGINEER 
I am interested in making another long 

term affiliation in Aviation radio with a 
progressive and reputable company who 
can advantageously use my 18 years of 
pilot, receiver design and domestic and 
foreign sales engineering experience. Box 
106 W. 

JUNIOR ENGINEER 
Graduated Michigan in June 1947 with 

B.S.E.E., Tau Beta Pi, Eta Kappa Nu. 
1 year Army experience with receivers, 
radioteletype, low power transmitters (all 
up to 30MC). Speaks French, German 
and English. HAM, first phone license. 
Interested in production or development 
work. Details on request. Box 107 W. 

SENIOR ELECTRONICS ENGINEER 
Graduate engineer. 20 years experience, 

receiver development. sound systems, uni-
versity teaching, sales promotion, adver-
tising, editing electronics magazine. War 
experience, Airborne radar, some experi-
ence guided missiles. Interested in devel-
opment or application engineering, liaison, 
advertising, personnel or editorial posi-
tion. Box 108 W. 

ELECTRONICS ENGINEER 

Since 1922 in many phases. 10 years in 
broadcasting, 5 years a Chief Engineer, 
5 years Naval Electronics (Commander). 
Radiophone  first  license.  Experienced 
writer, speaker. Personable. Resume of 
experience on request. Box 109 W. 

RADIO ENGINEER 
B.S.E.E. 1943, University of Michigan, 

8 years radio service. 10 years amateur, 
Class A. 1st class radiophone. 1 year in-
dustrial electronics research. Harvard-
M.I.T. radar. New London, submarine 
sonar and radar. 1 year instructing. Pres-
ent manager of manufacturing concern, 
design, setup, sales and advertising. Box 
110 W. 

(Continued on page 58A) 
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ELECTRONICS RESEARCH 

, t e # HP 

In no small measure, America's destiny is 

being shaped by electronic scientists. In 

the forefront of this effort, and represent-

ing a pool of priceless experience and 

ingenuity, are the physicists, mathemati-

cians and technicians in the Sherron lab-

oratory. The research they are engaged 

in amounts to underwriting the future. 

For, in an uneasy world, the task of sus-

taining the nation's security becomes in-

creasingly their task. 

SHERRON LABORATORY 

PROJECTS COVER 

• Ultra and Hyper High 

Frequency Techniques 

• Electron Ballistics 

• Thermionic Emission 

• High Vacuum Electronic 

Tubes Techniques 

• Radar: (Detection — Navi-

ga tion) 

• Electronic Control for 

Drone & Guided Missiles 

Sherron SHERR ON MEANS  RESEARCH  IN  ELECTR ONICS 
Ele, • ' 

CSHIERRON ELECTRONICS CO. 
Division of Sherron Metallic Corporation 

1201 FLUSHING AVENUE  • BROOKLYN 6, NE W YORK 
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Design engineers recognize that peak 
frequency precision depends greatly 
on close correlation between crystals 
and their associated oscillator circuits. 
In the region above 20 mc it is equally 
true that circuit design can make a 
significant difference in drive secured 
from the oscillator stage. Complete 
uniformity of construction and care-
ful control of component tolerances 
assumes extreme importance. 
Bliley is now prepared to design 

and build packaged oscillators for pre-
cision VHF applications between 20 
mc and 200 mc. Consistent perform-
ance of overtone crystals and mainte-
nance of operating tolerances to 

±005% or better over wide temper-
ature ranges is assured by considera-
tion of all significant factors in a pack-
age of this kind. The result is a pre-
cise frequency source that has suffi-
cient power to meet design ratings. 
One possible form of packaged oscil-

lator is shown in the picture. Space 
requirements in the equipment will 
determine whether a subchassjs or 
plug-in unit is most desirable. Bliley, 
with over fifteen years experience in 
frequency control applications, is ex-
ceptionally qualified to assume respon-
sibility for the complete frequency 
package from conception to delivery. 

7 3 €i (cq 
CRYSTALS 

BLILEY ELECTRIC COMPANY UNI ON STATI ON 

4- 4-  + 

This custom-service is lim-
ited, at present, to applica-
tions involving production 
quantities: Inquiries, giv-
ing detailed performance 
specifications, are invited. 

BUILDI N G  ERIE, PEN NSYLVANIA 

Positions Wanted 

(Continued from page 56A) 

ELECTRONICS ENGINEER 

B.S.E.E. Northeastern University in 
September 1947. Age 23. PA years ex-
perience with all types of Naval Airborne 
radio and radar equipment. Hold 1st class 
radio-telephone license. Member Tau Beta 
Pi. Desires position as Junior Engineer 
in electronic design research or develop-
ment. Further details on request. Box 
113 W. 

ENGINEER 

Schools—N.C.E. Harvard and M.I.T. 
Flying Air Corps officer. Presently engi-
neer in development laboratory. Familiar 
with radio, radar, G.M., microwave tech-
niques. Desires industrial engineering po-
sition in laboratory or plant. Box 114 W. 

JUNIOR ENGINEER 

B.S. in mathematics 1944. B.S.E.E. 
June 1947, University of Michigan Mem-
ber Eta Kappa Nu. 2 years Signal Corps. 
Age 24. Single. Desires development or 
production work in radio or electronics. 
Box 116 W. 

JUNIOR ENGINEER 

BEE., 1947, Polytechnic Institute of 
Brooklyn. Age 30. Married. 1 child. 2 
years Army Radar officer, Harvard-
M.I.T. radar school. Eta Kappa Nu. De-
sires position as a Junior Engineer in 
electronic design, development. Anywhere 
in U.S. Box 118 W. 

ELECTRICAL ENGINEER 

Electrical engineer, age 21, single. In-
terested in a position with opportunities 
for advancement, either industrial or aca-
demic. Good mathematical training. Some 
teaching ability. B.S. in E.E. Columbia. 
Expect M.E.E. Cornell in September. Box 
119 W. 

ENGINEER (CANADIAN) 

B.S. electrical engineering, 1939. Six 
years experience in maintenance and in-
stallation of Naval radar and radio equip-
ment. Last 3 years in administration and 
supervision.  Present  rank  Lieutenant 
Commander (Electrical). Licensed ama-
teur since 1932. Age 30, married, 1 child. 
Interested in engineering, sales or repre-
sentative position particularly in maritime 
provinces or Newfoundland. Box 120 W. 

ELECTRONICS ENGINEER 

B.S.E.E. 1936. Five years civilian ex-
perience radar circuit design. One year 
development and design of computor cir-
cuits and guided missile controls. Half of 
required graduate credits for M.S.E.E. 
Age 32. Married. Now employed in radar 
system design. Box 121 W. 

JUNIOR ENGINEER 

B.S.E.E. B.S.M.E., 1939 University of 
Paris. Age 28. Co:•.-ipleting graduate work 
E.E. electronics at B.P.I. New York. 21/2 
years Army Signal Corps experience on 
RDF and communications equipment. 
Seeks position as junior engineer, physicist 
or instructor in New York City area. Box 
130 W. 

(Continued on page 59A) 
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WOLLASTON PROCESS WIRE 

drawn as small as .000010"; 

Made to your specifications for 

diameter and resistance . . . 

WRITE for list of products. 

Ce  CQ 
44 Ut:111' a., ULU tCLE 

tSht L'L„,. 

Positions Wanted  
(Continued from page 58A) 

TECHNICAL ENGINEER 

Former AAF officer with four years 
experience in writing and editing technical 
project reports and summaries, budget de-
fenses, press releases, technical papers, 
etc. Assigned during this period to Radia-
tion Laboratory, M.I.T. and Aircraft 
Radio Laboratory, Wright Field. Addi-
tional experience as sales engineer (2 
years), radio and radar technician (2 
years), and two years of college credits 
towards E.E. degree. Box 131 W. 

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 48.4) 

High-Frequency Co-Ax 
Antenna 

The antenna pictured 
here has been specially 
designed to fill the need 
of any radio station up 
to 250 watts input work-
ing on frequencies be-
tween 30 and 200 Mc. 
The manufacturer, Radio 
Specialty Manufacturing 
Co., of 2023 S.E. 6th 
St., Portland 14, Ore., 
recently announced ade-
quate production to sup-
ply normal demand. 

The antenna is made 
of aluminum and steel 
tubing,  easily  taken 
apart for inspection or 
maintenance with ordi-
nary tools; and it can be 
supported on a roof 
ridge, top of tower, or 
stick-type  pole.  The 
maximum weight is 12 
pounds. 

The  manufacturer 
claims a standing-wave 
ratio no greater than 1 to 
1.25 when the antenna 
is connected to a source 
of properly tuned r.f. 
energy through a 75-
ohm concentric line. 

One of the very few 
radio manufacturers op-
erating in the north-
west, the Radio Specialty 
Manu factu ring Company 
also manufactures com-
munications  transmit-
ters and fixed-frequency 
and special-purpose ra-
dio receivers. The firm is 
also equipped for fre-
quency-measuring serv-
ices. During the war 
it produced oscillating 
quartz crystals. 

(Continued on page 60.4) 

30,000 
RADIO SERVICE-
TECHNICIANS 
READ 

25 CINtS 

RADIO SERVICEMAN 

• • 

% %Ilea al% .• • ... 

V.••••  k • 

I% • % Ai VI A*  . 

• V 

.• VII IA' •.ss• 

EVERY MONTH 
RADIO MAINTENANCE today fills a breach that 
has existed in the radio field for a long time. Al-
ready  30.000  technicians  read  RADIO  MAINTE-
NANCE every month beceuse it is devoted entirely to 
the radio serviceman. 

The RADIO MAINTENANCE staff specializes in the 
preparation of articles on every phase of Radio Main. 
tenance in series form which may be flied and used 
for reference. The leading articles cover everything 
tor the radio serviceman on Television. FM and AM: 
Test Equipment: Electronic Appiiances: Tools: An-
tennas:  Alignment: Troubleshooting;  Repair: Con-
struction:  Pick-Ups end  Sound  Amplification  and 
Reproduction  Equipment. Also, in  RADIO  MAIN-
TENANCE each  month  there are departments on 
hints and kinks, the latest news of the trade, review 
of trade literature, radiomen's opinions, new prod-
ucts and news from the organizations. All articles 
are  presented  in  a step-by-step  precision  style. 
clearly illustrated, with schematics, accurate photo-
graphs. speelaily prepared drawings, white on black 
charts, color diagrams, isometric projections and ex-
ploded views. 
Special offer during Oct. & Nov.  16 Issues for $3 

Your first issue will be mailed 
immediately on receipt of Mil 
coupon.  One  issue  FREE  If 
payment is enclosed. 

MIII  IMII  IMI  11 

RADIO MAINTENANCE 
MAGAZINE 

460 Bloomfield Avenue. 
Montclair 6. N. J. 

Please  send  me  RADIO  MAINTENANCE  for  16 
months for only $3 

E Payment enclosed  0 BIll me later 
Name   

Address    

City —State    

Occupation    
Title   

Employed by   

• independent Serviceman —Dealer Serviceman —Serv-
I  Ice Manager —Dealer —Distributor —Jobber 

BOLAND & BOYCE INC., PUBLISHERS 
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lg LINE PERFORMANCE 
Ffi,oped 

ADC eget Line Transformer 
An ADC 115A (Industrial Series) 
impedance matching transformer, 
picked at random from stock, was 
submitted to tests to compare its 
performance with that of other 
makes of 1st line transformers. Here 
are the results. Compare perform-
ance of the ADC transformer with 
that of other makes. 

FRE QUENCY RESPONSE 

tO 

• -1 
0 

-2 

20 100 

.1 %.; 

3'0 
.141 are 

1,000 
U  

10.000  20.000\ 

CLIS TOS Wa y, 
0I I5'5 

RESPONSE • II5A 

600  OHMS 

FREQUENCY IN CYCLES PER SECONO 

600 OHMS 

LONGITUDINAL BALANCE 
The most common interference volt-
ages encountered in telephone line 
transmission are longitudinal; that is, 
the induced voltages in both wires are 
in phase with respect to ground. These 
can be removed from the signal volt-
age only by means of a well balanced 
line transformer. Illustration "A” 
shows the test circuit used to measure 
the degree of removal of these inter-
ference voltages. Level reduction on 
the ADC 115A transformer was 67 db 
at 100 cps and 56 db at 10,000 cps. 

It may be noted that altho the perme-
ability of magnetic materials drops at 
low flux densities, the ADC transformer 
has sufficient reserve inductance to al-
low for this even at low power levels. 
At 40 db below maximum power level 
it exceeds the response guarantee. In-
sertion loss at 1,000 cps was 0.75 db, 

MANUFACTURERS, JOBBERS: 
Write today for catalog of ADC 
electronic components or for In-
formation on units engineered to 
your requirements. 

300 OHMS 

6 0 01 
OHM 

CONSULT ADC for your engi-
neered transformer where exact-
ing specifications require positive 
results ADC's policy assures you 
the finest available mot•rials ond 
workmanship to give you the very 

best electronic components. 

ADC OUALITT PLUS 
TRANSFORMERS 

For AM 
Fines t transformer made   stat ions  and 
an d FM broadcast   
recording studios.  db 30 

15,000 cps. 

Aar 

Uudi Waeirmail Co. 
2835 13th AVE. S., MINNEAPOLIS 7, MINN. 

"au/4%* Deite *r.4- bete,7zzett-' 

• 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your  affiliation. 

(Continued front page 59A) 

New Vacuum-Tube 
Voltmeter 

The Freed Transformer Company, 
72 Spring St., New York 12, N. Y., has 
recently announced its new No. 1060 
vacuum-tube voltmeter. The new meter 
can be used at audio and supersonic fre-
quencies, and because of its sensitivity it 
is claimed that it can also be used as a 
null detector in d.c. bridge measurements. 

Input  impedance  is 50  megohms 
shunted by 15 1‘11‘11d. The voltmeter has 
a frequency range from 10 cycles to 1.6 
megacycles, with a 0.5-db. variation from, 
10 cycles to 1.6 megacycles, and a 0.1-db 
variation from 20 to 500,000 cycles. Volt-
age range of 0.001 volts to 100 volts in 
five ranges; logarithmic voltage scale cali-
brated for 1 to 10 and a linear decibel 
scale calibrated from 0 to 10 db. Tempera-
ture and humidity variations over the 
normal range will not affect the accuracy 
of the voltmeter, it is claimed. Unit is 
self-contained and operates on 100-125 
volts, 50-60 cycles. Total consumption 
is 45 watts. 

New Miniature Capacitors 

A new super-small version of their 
well-known type BR electrolytic tubular 
capacitors has recent lv been announced by 
Cornell-Dubilier Electric Corp., South 
Plainfield, N. J. Designated Type BBR, 
the new units are designed for use in ultra-
compact assemblies which call for low-
voltage, high-capacitance capacitors in 
miniature size. 
Type BBR's are hermetically sealed 

in cylindrical aluminum containers. The 
negative lead is riveted to the case at one 
end, while the positive lead is anchored to 
a specially designed terminal brought out 
through a bakelite washer at the other. 
Specifications and dimensional draw-

ings are given in special Bulletin No. 100-
424, supplied by the manufacturer. 

(Continued on page 61.4) 
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100.001.10,.. 
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Turret Lug 

4IP/ 

• / 

Split 

4111P1' 
gib 
Double-end 
Lug 

Swayer 

le ° 
Terminal 
Board 

11 11 
HPB 
Crystal 

This graph shows frequency ranges 
covered by each unit. Write us for 

your full-size copy. 

Five Standard 
Slug -Tuned 

LS3 Coils Cover 

1/2 to 184 mc 
For strip amplifier work, the 
compact (114," high when 
mounted) LS3 Coil is ideal. 
Also for Filters, Oscillators, 
Wave-Traps or any purpose 
where an adjustable induct-
ance is desired. 

Five Standard Windings -
1, 5, 10,30 and 60 megacycle 
coils cover inductance 
ranges between 750 and 
0.065 microhenries. 

CTC LS3 Coils are easy to 
assemble, one 14" hole is all 
you need. Each unit is du-
rably varnished and sup-
plied with required mount-
ing hardware. 

SPECIAL COILS 
CTC will custom-engineer 
and produce coils of almost 
any size and style of wind-
ing...to the most particu-
lar manufacturer's specifi-
cations. 

Cotaide reg-re 
Tkeee- Way 

Yee rice 

Custom Engineering ... Stondard,reci Uetigns  . 
Guaranterd Materials and Workmanship 

CAMBRIDGE THERMIONIC CORPORATION 
156 Concord Avenue, Combridg• 38, Muss 

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 60A) 

Aluminum-Backed Tele-
vision Receiver Tube 

A new 10-inch cathode-ray electronic 
tube, Type 10F P4, for television receivers, 
has been developed by the Tube Division, 
Electronic Department of General Elec-
tric Co., Schnectady, N. Y. 

Employing magnetic focusing and de-
flecting, the new tube is designed with an 
aluminum-backed direct-view screen. In 
addition to increasing the clarity, brilli-
ance, and definition of the image, the 
manufacturer claims that this aluminum 
backing prevents the development of ion 
spots and intercepts cathode glow. 
Maximum ratings of the 10FP4 include 

an anode voltage of 10,000 volts; grid No. 
2, accelerating electrode, voltage of 410 
volts; grid No. 1, control electrode, of 
minus 125 volts. Constructed with a small-
shell 7.pin duodecal base, it has an over-
all length of 18 inches and a maximum de-
flecting angle of 50 degrees. Under typical 
operating conditions, the focusing coil cur-
rent requires about 10 ma. d.c. 

Ribbon Microphone 
A new ribbon microphone which is de-

signed to give high-quality studio repro-
duction is available from the Arnperite 
Company,  561 
Broadway,  New 
York 12, N. Y. 
(Canadian  distri-
bution through the 
Atlas Radio Corp., 
560  King  St., 
Toronto.) 
The  manufac-

turer states that 
this  new  ribbon 
microphone will not 
become boomy on 
close talking. Fre-
quency  range  is 
from 40 to 14,000 
c.p.s. ±3 db. Out-
put is —56 db. The feedback is claimed 
to be unusually low, as the microphone has 
no peaks. Standard equipment includes a 
switch, which is optional, 25 feet of cable, 
and a cable connector. 

(Continued on page 62A) 

KEEP 
continually 
ParrE1) on 
flEgRON 
1i/BES 

RCA HB-3 Tube Handbook 
Now In 3 Binders-6 Volumes 

No other tube handbook provides as much 
up-to-the-minute technical data on tube types 
as the RCA HB-3 Handbook, which has been 
a standard technical reference book for over 
15 years. Indexed contents include general 
data, characteristic curves, socket connec-
tions, outline drawings, price lists, preferred-
type lists, etc., for the complete line of RCA 
tubes. 

New Sheets Mailed Regularly. The U. S. sub-
scription price of $10.00 brings you the 
complete Handbook in three binders, plus 
supplementary sheets containing new or re-
vised data as issued during the year. Annual 
service fee thereafter is $2.00. (These prices 
apply only in the U. S. and its possessions.) 

Subscribe Now. Insure early delivery. Mail 
your remittance today to: RCA, Commercial 
Engineering, Section W-52J, Harrison, N. J. 

M OS W AIIII•111017 

RADIO CORPORATION el AMERICA 
It ! 

v\01 BETTER ELECTRONIC EQUIPMENT 

wea 

kyt 

ALL  (' 
P. A. 
NEEDS 
Par-Metal 
Equipment 
is preferred by 
Service Men, 
Amateurs, and 
Manufacturers 
because they're 
adaptable, easy-
to-assemble, eco-
nomical. Beautifully 
designed, ruggedly 
constructed by spe-
cialists. Famous for 
quality and economy. 

Write for Catalog. 

STANDARDIZED 

READY-
TO-USE 
CABINETS 

CHASSIS 

PANELS 

RACKS 

PAR- METAL 
PRODUCTS CORPORATION 
32-82-49th ST., LONG ISLAND CITY 3, N.Y. 
Export Deaf.: Rocke International Corp. 
13 East 40 Street, New York 16 
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A ruggedly constructed direct reading laboratory instrument 

specially designed to measure Q, inductance, and capacitance 
values quickly and accurately. Invaluable in selecting proper low 
loss components for high frequency applications. 

SPECIFICATIONS: —FREQUENCY RANGE: 30-200 mc, accuracy 1% 

RANGE OF 0 MEASUREMENT: 80 to 11200 

CAPACITOR RANGE: 11-60 mmf; accuracy +1 % or 0.5 mmf, whichever is greater 

,,071? BOONTO 
CATALOG "D" 

BOONTON • NJ • USA 

RADIO ( 
et etedee,-( 

DESIGNERS AND MANUFACTURERS OF  THE "0" METER  . 05-CHECKER  FREOUTNCY mODUIATED 

GENERATOR  . BEAT FREQUENCY GENERATOR  AND OTHER DIRECT READING TEST INSTRUMENTS 

Small in size— 
but big in Quality! 

Western Electric 
755A 8" LOUDSPEAKER 

The smallest of a complete line 
of Western Electric speakers 
from 8 to 120 watts, the 755A 
offers qualit y reproduction that 
would make a giant proud. 

Details? Here are just a few-
8 watts power capacity... 70 
to 13,000 cycle frequency re-

62.% 

sponse... 70° coverage angle... 
43/4 lbs. weight ... 2 cu. ft. en-
closure needed.. .4 ohms input 
impedance. 

More details? Write Gravhar 
Electric Company, 420 Lex-
ington Avenue, New York 17, 
New York—or 

ASK YOUR LOCAL G  
raybaR 

BROADCAST REPRESENTATIVE 

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 61A) 

Mobile Antenna 
Manufactured by H. H. Buggie & 

Company, Toledo 1, Ohio, a new antenna 
for mobile radiophone service features an 
improved method of mounting and ii-
proved matching of the coaxial transmis-
sion line to the whip. 

Ease of mounting is obtained by adapt-
ing a self-threading plug to a water-
tight sealing assembly which is quickly and 
securely fastened to the mounting surface. 
Accurate maintenance of the relative 

positions of the outer and inner conductors 
minimizes electrical discontinuity at the 
junction of the cable and the whip and 
helps to insure smooth transmission of 
electrical energy from the cable to the 
antenna, 

Hum Filter  • 
Recently developed by Kalbfell Labo-

ratories, Inc., 1076 Morena Blvd, San 
Diego 10, Calif., the unit shown below is 
known as the Kay-Lab Bridged-T Hum 
Filter. 

This filter completely cancels 60 cycles, 
and is designed for high-impedance instru-
ments such as oscillographs. By inserting 
it at the imput terminals, stray hum 
pickup is eliminated, even though open 
leads are used, according to the manu-
facturer. 
Matching transformers are unnecessary 

and there is a common ground from input 
to output. These filters are available at 
120 cycles and other frequencies. Dimen-
sions: diameter, 1 inches, length, 2 inches 
excluding terminals. 

(Continued on rage 63A) 
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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 624) 

Model 110 Vacuum-Tube 
Volt-Ohmeter 

This new Model 110 television-type 
vacuum-tube voltmeter has recently been 
announced by Electronic Manufacturing 
Co., 140 So. Second St., Harrisburg, Pa. 
High d.c. voltage readings and high-

frequency readings necessary in servicing 
television receivers are available in this 
instrument, which may also be used for 
servicing regular receivers, f.m., trans-
mitters, and other equipment. 
Readings are to 15,000 volts d.c., with 

d.c. ranges of 3-3C-150-300-600-3000-
15000 volts, and a.c. ranges of 3-30-150-
300-volts good to 300 megacycles. Ohms: 
1000-10M-100M-1 megohm-100 megohm. 

Audio Compensator 
Announced  by  Arlington  Electrical 

Products, Inc., 18 East 25 St., New York 
10, N. Y., the new Model EA2 Audio 
Compensator is designed for use where 
audio equalization is required. It is ap-
plicable in film rerecording, disk recording, 
and general broadcast studio work. This 
unit is readily adaptable to console in-
stallation by removing from the rack panel, 
and may be used as an equalizing pre-
amplifier when reconnected to give 25-db 
gain. 

Input and output impedances: 500,333, 
250, 200, 125, 50 ohms. Compensators 
will be connected for 500 ohms in and out, 
unless otherwise  specified.  Type 1620 
tubes (or 617); "A" power supply, 6.3 
volts, 0.6 ampere; "B" power supply, 180 
to 250 volts d.c., 4 ma. Both rear and 
side receptacles are available. 

(Continued on page 644) 

EI PALINEY #7 CONTACTS IMPROVE PRECISION POTENTIOMETERS 

PRECIOUS METALS ea INDUSTRY 

RESULTS OF LIFE TESTS on nickel-chrome 
wire-wound potentiometers using contacts 

of PALINEY #7 in comparison with 
phosphor bronze. 

FIGURE 1. Cathode Ray oscillograph 
showing percentage error of standard 
potentiometer after one million cycles or 
two million sweeps of phosphor bronze 
contact over the wire. Initial linearity 
was ÷  .17% and the error increased to 
± .28% plus noise. 

'00 

limm e ." 1144^  ° 
a 
3 

FIGURE 2. Shows performance of modi-
fied potentiometer after one million cy-
cles or two million sweeps of PALINEY 
g7 contact over wire. The initial error 
was reduced to -I- .12% and this linear-
ity was maintained throughout the test. 

Tests were made on a potentiometer equipped 
with a phosphor bronze contact in comparison 
with the same type potentiometer with a 
PALINEY #7 precious metal contact. Error 
measurements were made on a special tester 
equipped with cathode ray tube calibrated to 
measure directly in percentage of error. 

Other important Ney Precious Metal Products 
for industry include NEY-ORO #28, a special 

alloy developed for contact brushes against coin 
silver slip rings . . . gold solders ... fine resist-
ance wires (bare or enameled) and a wide 
range of other alloys having many specialized 
applications. 

Write or phone (HARTFORD 2-4271) our Research Department 

THE J. M. NEY COMPANY 171 ELM ST.  • HARTFORD 1, CO N 

SPECIALISTS IN PRECIOUS METAL METALLURGY SINCE 1512 

1,80R10mis."" 

New Type 1250 

R. F. SWITCH 

High r. f. current carrying capacity 
50 amps. max. intermittent load; 30 

amps. steady load. Low loss factor. 
Sturdy mechanical design ... 

Mykroy  insulation 
Furnished in any 

number of 
decks. 

Write for Bulletin No. 472 

Manufacturers of Precision Electrical Resistance Instruments 

337 CENTRAL AVE. • JERSEY CITY, N. J. } 
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MPERI 
DELAY 
RELAY 

THERMOSTATIC METAL TYPE 

DELAY RELAYS  
PROVIDE DELAYS RANGING 
FROM I TO 120 SECONDS 

EATURES:—Compensated for ambient temperature changes from 
—40° to 110° F ... Hermetically sealed; not affected by altitude, moisture 
or other climate changes .  Explosion-proof . . . Octal radio base . . . 
Compact, light, rugged, inexpensive . . Circuits available: SPST Nor-
mally Open; SPST Normally Closed. 

PROBLEM? Send for "Special Problem Sheet" and Bulletin. 

20 

>-
cc 
,42. 10 

VOLTAGE Or 24V 

,33  BATTERY 6 CHARGER 

VARIES APPROX 

50% 

AMPERITE REGULATORS 

-116%,• wo 
WITH AMPERITE 

VOLTAGE VARIES 

ONLY 

2% 
Ampeiite REGULATORS are the simplest, lightest, cheapest, and most compact method 
of obtaining current or voltage regulation  . . . For currents of .060 to 8.0 Amps . . . 

Hermetically sealed; not affected by altitude, ambient temperature, humidity. 
Write for 4-page Illustrated Bulletin. 

AMPERITE CO., 561 Broadway, New York 12 , N. Y. 
In Canada: Atlas Radio Corp., Ltd., 560 King St., W. Toronto 

COSMALITE 
FORMS FOR 

• 

RECEIVERS 

These spirally laminated paper base, Phenolic Tubes are delivered already 
punched and notched to meet the exact requirements of the customer. 

Ask also about ... 

#96 COSMALITE for coil forms in all standard broadcast receiving sets. 
SLF COSMALITE for Permeability Tuners. 

Spirally wound kraft and fish paper Coil Forms and Condenser Tubes. 

There is a definite saving to you in specifying and using Cosmalite. 

• Trade Mark Registered. 

Th CLEVELAND CONTAINER a 
6201 BARBERTON AVE.  CLEVELAND 2, OHIO 

• All-Fibre Cans• Combination Metal and Paper Cans 
• Spirally Wound Tubes and Cores for all Purposes 
• Plastic and Combination Paper and Plastic Items 

flIONCTION PLANTS also it Plimpatl. Sac ORdealu,,g. N I Chap III DONNA Mich . lamesbart II I 
PLASTICS DIVISION al Plymoola. Vhsc, Olainslurg N Y • ABRASIVE DIVISION it Cleveland Oho • N I SOLID 
011101 — 1116 Imam,. low 723 • IN CANADA — Ile Rimini ConIaleot Canada LIR, hescall. Datum 

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 634) 

Coaxial-Cable Relay 
The new coaxial-cable relay announced 

by Signal Engineering & Manufacturing 
Co., 154 West 14th St., New York 11, 
N. Y., is designed primarily for the switch-
ing of antenna connections from receiver 
to transmitter. The special features in-
corporated in the design provide for imped-
ance matching with low standing-wave 
ratio. 

This relay  embodies a single-pole, 
double-throw switch with the current-
carrying elements contained within a 
metallic enclosure or cavity of correct pro-
portions to produce a characteristic im-
pedance of 75 ohms. 
Bulletin No. CR1 will supply further 

details. 

New F.M. Transformers 
The Stanwyck Winding Company, 102 

So. Lander St., Newburgh, N. Y., has 
recently announced a new line of f.m. 
transformers. 

The undesirable top and bottom tuned 
transformer has been eliminated in this 
modern assembly. Using two independent 
ceramic tubes for primary and secondary, 
ultimate results are attained with a mini-
mum loss, according to the manufacturer. 

(Continued on page 684) 
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Do Radio Engineers 
Know What You Make? 

nele  A Radio Engineer's Directory 
MARKET 

Radio Engineers control the technical buying of a two-
billion-dollar radio-electronic and radar market. These men 
alone are competent to do the specifying and purchasing 
of complicated radio tubes, components, and materials that 
only a trained and experienced engineer really understands. 

More than 15,000 radio-and-electronic engineers and 
engineers in training, will receive and use the 1948 I.R.E. 
Yearbook. This membership roster and radio product index 
has a close personal relationship to each engineer because 
it lists the reader himself and his fellow members in the 
radio profession. It is his own property with a permanent 

place on his desk 
— at his finger-
tips, a reference 
to both friends 
and radio-product 
data he needs and 
wants. 

FEATURES 
• Complete membership list of The Institute of Radio 
Engineers. 

• An alphabetical list of over 2000 firms serving the radio-
electronic industry, with addresses, and — 

• Names of the chief engineers of most of these firms, plus, 

• Coding for 25 basic product classifications of each. 

• Detailed product classifications (more than 100 headings) 
for all kinds of radio-electronic components and equip-
ment listed for the firms advertising in the Yearbook. 

• PRODUCT ADVERTISING of equipment and compo-
nent-parts manufacturers, displaying and giving specifi-
cations for their products and providing engineering data. 

Space  

1 page 
V) page 
1/3 page 

Vs Page 

RATES 

Rate  She 

5250  
180.  41/4 " x 10 " 
100.  521/4" x 10 " 

14%" x4'/," 
60.  IVA" x VA" 

14%" x2 ' 

For "Proceedings of I.R.E. 
Contract Advertisers" 

6 Times  12 Times 

$225. 
160. 
90. 

$200. 
140. 
BO. 

55.  50. 

Agency Discount 15%. Cash Discount 2% 10 days. 

1948 

I.R.E. YEARBOOK 
THE  INSTITUTE  OF  RADI O  EN GI NEERS 
303 West 42nd Street, New York 18, N.Y.  Circle 6-6357 

WILLIAM C. COPP—National Advertising Manager 

SCOTT KING WILL  HAN NON and WILLSON 

Central States Representafive  Pacific Coast Representatives 
35 E. Wacker Drive, Chicago 1  412 West 6th St., Los Angeles 14 

STate 4227  TUcker 4370 
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( ) 1. AIRCRAFT  &  AIRPORT 
RADIO EQUIPMENT. 

( ) 2. AMPLIFIERS, AUDIO FRE-
QUENCY. 

3. ANTENNA PHASING EQUIP-
MENT & ACCESSORIES. 

( ) 4. ANTENNAS: 
( ) A. Broadcast. 
( ) B. Directional. 
( ) C. Dummy, 
( ) D. Police. 
( ) E. Ultra-High Fre-

quency. 
( ) F. Vertical. 

5. ANTENNA ACCESSORIES. 

( ) 

( ) 

( ) 

I. R. E. YEARBOOK PRODUCT LISTINGS 
Your farm will receive a free listing in an alphabetical Directory of Manufac-

turers serving the Radio and Electronic Industry in the 1918 I.R.E. Yearbook if 
you will make sure that we have the company name and address, name of your 
chief engineer, and data on your products. A questionnaire similar to these pages 
has been mailed to 3000 firms we have on record, but many firms have not yet 
answered. This listing will be a service to I.R.E. men:berm and may bring business 
to your company, so will you help by checking off the information on the columns 
below and sending us the coupon with the proper product nusiebers at  •e? Iii 
that way you may be sure firm is listed and correct data is shown. Thank you. 

( ) 

6. ATTENUATORS. 

7. BATTERIES:  • 
( ) A. Dry "A". 
( ) B. Dry "B". 
( ) C. Dry Miniature. 
( ) D. Wet Primary. 
( ) E. Wet Secondary. 

Binding Posts, see Hardware. 

8. BLOWERS  &  COOLING 
FANS. 

9. BOOKS & BOOK PUBLISH-
ERS. 

Bridges, see Test Equipment. 

10. BROADCASTING STATIONS 
& COMMUNICATIONS 
COMPANIES. 

Bushings, see Hardware. 

11. CABINETS. 

12. CABLES: 
( ) A. Co-Axial. 
( ) B. Microphone. 
( ) C. Pre-Formed Har-

nesses. 
( ) D. Shielded. 
( ) E. Ultra-High Fre-

quency. 

( ) 13. CAPACITORS; FIXED: 
( ) A. Ceramic. 
( ) B. Electrolytic. 
( ) C. Mica. 
( ) D. Oil Filled. 
( ) E. Paper. 
( ) F. Pressurized G as. 

)  G. Vacuum. 

( ) 14. CAPACITORS; VARIABLE: 
( ) A. Neutralizing. 
( ) B. Precision. 
( ) C. Temperature-Fre-

quency Compen-
sating. 

( ) D. Trimmer. 
( ) E. Tuning. 
( ) F. Vacuum. 

( ) 15. CERAMICS: 
( ) A. Coil Forms. 
( ) B. Ground Mica. 
(  C. Rods. 
( ) D. Sheets. 

( ) 16. CHASSIS. 

( ) 17. CHOKE COILS: 
( ) A. Audio Frequency. 
( ) B. Power. 
( ) C. Radio Frequency. 
Coil Forms, see Ceramics. 

( ) 18. COILS. 
Condensers, see Capacitors. 

( ) 19. CONNECTORS. 
Consoles, see Amplifiers. 

) 20. CONSULTING ENGINEERS: 
( ) A. Acoustic. 
( ) B. Electrical. 
( ) C. Mechanical. 
( ) D. Radio. 

) 21. CONVERTERS: 
( ) A. Frequency. 

B. Rotary: see Motor 
Generators. 

( ) C. Vibrator. 

22. CORE MATERIALS: 
( ) A. Complete Cores. 
( ) B. Laminations. 
( ) C. Powdered Iron. 

23. CRYSTALS: 
( ) A. Oscillating Quartz. 
( ) B. Piezo-Electric. 
( ) C. Rectifier. 

24. CUSTOM BUILDERS OF 
EQUIPMENT. 

Dials & Tuning Controls, see 
Hardware. 

Discs, Recording, see Record-
ing Equipment. 

25. DISTRIBUTORS  &  JOB-
BERS OF RADIO EQUIP-
MENT & PARTS. 

( ) 26. DRAFTING EQUIPMENT & 
SUPPLIES. 

Dynamotors, see Motor Gen-
erators. 

( ) 27. ELECTRONIC CONTROL 
EQUIPMENT: 

( ) A. Air Conditioning 
Controls. 

( ) B. Burglar Alarm & 
Protection Devices. 

) C. Combustion &  • 
Smoke Control 
Equipment. 

( ) D. Fire Prevention 
Equipment. 

( ) E. Photo-Electric Con-
trol Devices. 

( ) F. Variable Speed Motor 
Controlling Equip-
ment. 

( ) 28. EQUALIZERS. 

( ) 29. FACSIMILE EQUIPMENT. 

( ) 30. FILTERS: 

( ) A. Band Pass. 
( ) B. Noise Elimination. 
( ) C. Sound Effect. 

( ) 31. FREQUENCY MEASURING 
EQUIPMENT: 

( ) A. Audio Frequency. 
( ) B. Primary Standards. 
( ) C. Radio Frequency. 
( ) D. Secondary Standard. 

( ) 32. FREQUENCY MEASURINI. 
SERVICES. 

( ) 33. FUSES & FUSE HOLDER̀ , 

Generators: 

A. Power: see Motor Gen-
erators. 

B. Signal: see Frequent 
Measuring Equip. 
ment, also Test 
ment. 

( ) 34. GRAPHIC RECORDERS. 

( ) 35. HARDWARE: 
( ) A. Binding Posts. 
( ) B. Bushings. 
( ) C. Dials & Tuning Con-

trols. 
( ) D. Flexible Shafts. 
( ) E. Lugs. 
( ) F. Screws. 
( ) G. Springs. 

( )36. INDUCTION HEATING 
EQUIPMENT. 

) 37. INDUCTORS. 

) 38. INSULATION: (Also set 
Ceramics.) 
( ) A. Cloth. 
( ) B. Glass Seals. 
( ) C. Mica. 
( ) D. Varnished Cambric. 

39. JACKS. 

40. KEYS: 
( ) A. Switching. 
( ) B. Telegraph. 
Knobs, see Moulded Prod-
ucts. 

( ) 41. LACQUERS: 
( ) A. Finishing. 
( ) B. Fungus Proofing. 
( ) C. Protecting. 
( ) D. Waterproofing. 

( ) 42. LOUDSPEAKERS & HEAD 
PHONES. 

Lugs, see Hardware. 

( ) 43. MACIIINERY, FIXTURES, 
TOOLS FOR RADIO & 
ELECTRONIC MANUFAI 
TURING. 

( ) 44. MAGNETS: 
( ) A. Electro. 
( ) B. Permanent. 

Measuring  Equipment,  see 
Test Equipment. 

( ) 45. METALS: 
( ) A. Copper. 
( ) C. Ferrous. 
( ) C. Non-Ferrous. 
( ) D. Precious & Rare. 

( ) 46. METERS: 
( ) A. Ammeters. 
( ) B. Frequency Indicat-

ing. 
( ) C. Power Level. 
( ) D. Vacuum Tube Volt-

meters. 
( ) E. Voltmeters. 
( ) F. Wattmeters. 

Mica, see Insulations. 

( ) 47. MICROPHONES. 

( ) 

( ) 
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( ) 48-

( ) 49. 

( ) 50. 

( ) 51. 

( ) 51A. 

( ) 52. 

( ) 

MONITORING EQUIP-
MENT: 

( ) A. Frequency. 
( ) B. Modulation. 

MOTOR-GENERATORS: 
( ) A. Dynamotors. 
( ) B. Motor-Generators. 
( ) C. Rotary-Converters. 

MOTORS, VERY SMALL. 

MOULDED PRODUCTS: 
( ) A. Cabinets. 
( ) B. Insulators. 
( ) C. Knobs, etc. 
( ) D. Plastic Parts. 
( ) E. Phenolic Sheet. 

OPTICAL SCREENS, MIR-
RORS AND MATERIALS. 

OSCILLATORS: 
( ) A. Audio Frequency. 
( ) B. Radio Frequency. 
( ) C. Square Wave Gen-

erators. 

53. OSCILLOGRAPHS & ACCES-
SORIES. 

54. PANELS. 

55. PHONOGRAPH PICK-UPS. 

56. PILOT LIGHTS & ASSEM-
BLIES. 

57. PLASTICS: 
( ) A. Raw  Materials  for 

Moulding. 
( ) B. Rods. 
( ) C. Sheets. 

58. PLUGS. 

59. POWER SUPPLIES. 

60. PUMPS, VACUUM. 

61. RACKS. 

62. RADAR. See Also Aircraft & 
Airport Equipment. 

63. RADIO RECEIVERS: 
( ) A. Broadcast. 
( ) B. Communications. 
( ) C. Fixed Frequency. 
( ) D. Frequency  Modula-

tion. 
( ) E. Special Purpose. 
( ) F. Television. 

64. RECORD CHANGING 
MECHANISMS. 

( ) 65. RECORDING EQUIPMENT 
& SUPPLIES: 

( ) A. Blanks. 
( ) B. Cutting Heads. 
( ) C. Magnetic Wire Re-

corders. 
( ) D. Needles. 
( ) E. Turntables  &  Ma-

chines. 

66. RECORDING SERVICES. 

67. RECTIFIERS: 
( ) A. Metallic. 
( ) B. Meter Rectifiers. 
( ) C. Vacuum Tube. Also 

see Power Sup-
plies. 

Regulators, Voltage, see Volt-
age Regulators. 

( ) 68. RELAYS: 
( ) A. Keying. 
( ) B. Power. 
( ) C. Stepping. 
( ) D. Telephone Types. 
( ) E. Time Delay. 
( ) F. Vacuum Enclosed. 

( ) 69. REMOTE CONTROLLING 
EQUIPMENT. 

PLEASE BE SURE TO SIGN QUESTIONNAIRE HERE YB1948 

Firm Name   

Chief Engineer   

Address   

Place   Zone   State   

Please list here your    

3 most important 

products. 
Product Classification If Not 

Included In List 

............................................................ 

............................................................ 

Mail today to: Industrial Research Division, Proceedings of the I.R.E., 
Room 707, 303 West 42nd St., New York 18, N.Y. 

( ) 70. RESISTORS: 
( ) A. Fixed. 
( ) B. Precision. 
( ) C. Vacuum Sealed. 
( ) D. Variable. 
( ) E. Wire Wound. 
Schools, see Technical Schools 
& Institutes. 

Screws, see Hardware. 
Shafts, see Hardware. 

71. SOCKETS: 
( ) A. Receiving Types. 
( ) B. Transmitting Types. 

72. SOLDER: 
( ) A. Cored. 
( ) B. Plain. 
Speakers, see Loudspeakers. 
Springs, see Hardware. 

( ) 73. SWITCHES: 
( ) A. Circuit Breaking. 
( ) B. Key. 
( ) C. Power. 
( ) D. Receiver Wave Band 

Changing. 
( ) E. Rotary. 
( ) F. Time Delay. 
( ) G. Transmitter Wave 

Band Changing. 

(  74. TECHNICAL SCHOOLS & 
INSTITUTES. 

75. TESTING & MEASURING 
EQUIPMENT: 
) A. Bridges. 
) B. Capacitor Testing 

Equipment. 
) C. Inductance & "Q" 

Testing Equip-
ment. 

) D. Resistance Testing 
Equipment. 

) E. Vacuum Tube Test-
ing Equipment. 

) F. Wave Form Analyz-
ers & Distortion 
Testing Equip-
ment. 

) 76. TRANSCRIPTION 
LIBRARIES. 

) 77. TRANSFORMERS: 
( ) A. Audio Frequency. 
( ) B. Hermetically Sealed 

Types. 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) 

( ) C. High Fidelity Audio 
Types. 

( ) D. Power Components. 
( ) E. Pulse Generating 

Types. 
( ) F. Radio Frequency. 

78. 'TRANSMITTERS: 
( ) A. Amplitude Modula-

tion. 
( ) B. Communication. 
( ) C. Frequency Modula-

tion. 
( ) D. Police & Emergency 

Equipment. 
( ) E. Television 
( ) F. Ultra-High Fre-

quency. 

79. ULTRA-HIGH FREQUENCY 
ACCESSORY EQUIP-
MENT: 

( ) A. Antennas & Reflec-
tors. 

( ) B. Measuring & Test 
Equipment. 

( ) C. Tuning Elements. 
( ) D. Wave Guides. 

80. VACUUM TUBES: 
( ) A. Cathode Ray. 
( ) B. Geiger Mueller. 
( ) C. Industrial Types. 
( ) D. Klystrons & Magne-

trons. 
( ) E. Receiving Types. 
( ) F. Rectifiers. 
( ) G. Special Purpose & 

Phototubes. 
( ) H. Television Tubes. 
( ) I. Transmitting types. 
( ) J. Voltage Regulator. 

Varnishes, see Lacquers. 

( ) 81. VIBRATORS, POWER SUP. 
PLY. 

( ) 82. VOLTAGE REGULATORS: 
( ) A. Automatic. 
( ) B. Manually Controlled. 

( ) 83. WAXES & SEALING COM-
POUNDS. 

( ) 84. WIRE: 
( ) A. Copper. 
( ) B. Precious Metal. 
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ELECTRONICS 
for 

INDUSTRY 
By WALDEMAR I. BENDZ 
Westinghouse Electric Corp., 

Boston, Mass. 

Assisted by 

CHARLES A. SCARLOTT 
Editor, "Westinghouse Engineer" 

"Electronics for Industry" has for its 
background the experience gained in 
trying to acquaint engineers in all 
lines of endeavor with the possibili-
ties of electronics. This is best ac-
complished by a thorough description 
of equipment which is now perform-
ing in industry and illustrating the 
fundamental  principles  underlying 
these types of apparatus. The authors 
of "Electronics for Industry" have 
done just that-and the result is a 
book presenting in a well organized 
and easy to understand manner all of 
the fundamental uses to which elec-
tronics has been applied in industry. 
For this reason, it should be an espe-
cially valuable reference to all tech-
nical people in industries other than 
that of industrial electronics, while 
also serving as a convenient reference 
to the electronic engineer." 
- T. P. Kinn, Manager, 
Industrial Electronics Engineering 
Industrial Electronics Division 
Westinghouse Electronic Corporation 

1947  501 Pages  $5.00 

ORDER COPIES FOR FREE EXA MINATION 

JOHN WILEY & SONS, INC. 
440 Fourth Ave., New York 16, N.Y. 

Please send me, for ten days FREE EXAMINA. I 
TION, a copy of Bendx' & Scarlott's ELEC-
TRONICS FOR INDUSTRY. If I desire to keep 
the book, I will remit M OO plus postage; other-
wise, I will return the book postpaid. 

Name 

Address   

City   State   

I Employed by    

L (Offer not valid outside U.S.) PIRE.10-47 

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 64/1) 

Vacuum-Tube Voltmeter 
Produced by the Electronic Instrument 

Co. Inc., 926 Clarkson Ave., Brooklyn 3, 
N. Y., the new Model 210 Vacuum-Tube 
Voltmeter and Visual Signal Tracer is 
designed for multipurpose use by labora-
tories, schools, servicemen, and other 
commercial and industrial user's. 

This attractive instrument is made with 
broad ranges which permit its use on am-
plitude-modulated 05 frequency-modulated 
receivers, as well as television. A white 
frosted pilot light turns red when the 
instrument is turned on, being designed to 
remind the user to turn it off. A large 
8i-inch meter permits easy reading. Ac-
cording to the manufacturer, all multiplier 
resistors are matched to 1% accuracy, 
giving a maximum error of 2% on both 
a.c. and d.c. voltage ranges. The dimen-
sions are 15 X10 X7 inches deep. 

F. M. and Television 
Antennas 

Designed to match 300-ohm transmis-
sion lines, two new folded-dipole Lm. and 
television antennas have been announced 
by the Specialty Division, Electronics De-
partment, General Electric  Company, 
Wolf St., Syracuse, N. Y. 

The dipole elements, constructed of re-
inforced aluminum tubing, are directional 
both front and rear broadside to the an-
tenna. Both masts are 5 feet high, and the 
television dipole's over-all width is 96 
inches while the f.m. dipole's width meas-
ures 48 inches. 

(Continued on page 694) 

"TAB' - 
That's A Buy 

311(.71tOB WITCHES two for 394 ....TEN for 21.49 
WHTGIISE "OH" tntr 21/4 " ICC-10 plus 
6 1)B   4.95 

Westinghouse 3%" Elq Bk1 case 0-Imamtr   4.50 
WSTOIISE 0-200 & 100-0-100 mIcromamtr 
()ale°    9.95 

WSTOHSE & GE 0-150 VAC 21/4 " B'CRD  3.50 
McCLINTOCK 0-1mamtr 31/4 " B.0 RD   3.95 
WE MITER ACDC/200 V/1000 per V/3%" B  4.25 
WESTON  476  AC/15  VOLTMTR  31/4 " 
HQB .0   4.50 

WESTON 506/ -10 plus ODB 2%" B'C   4.50 
WESTON MTR 0-250 ma/2%" B'C   8.25 
GE RV MTH, either 1 or 5 AMP/2%" B'C   3.95 
GE Galvo 2.5 & 25 MA 0 center  " B'C   3.95 
GE DW41 MTH 2000 V/1000 ohms V & RES  6.95 
GE A022 MTH 150 VAC, 31/4 " B'C RD   4.95 
ON JUlt 0-IMAMTR HIV 21/4 " B'C   '2.95 
(SE Instantaneous PJV Volt Control relay AC  5.95 
GE Atli Therm SW 70 to 170' F/250V/25A  3.95 
GAS Generator set 1400 Watts/115 VAC - 100.00 
W.E. DRIVER & TRUMPET 125 to 250 W  125.00 
Antenna Parabolic motor drive & salons   16.25 
KIT SILVER & MICA CONDIMS ....50 for 2.00 
KIT CONTROLS 50-2 megohms pots ABJ 
 10 for 2.50 

KIT RESISTORS B D& & 1 Watt 50-2 meg 
 100 for 2.50 

KIT SOCKETS .  25 amid (8-7-5-4P) ...  2.35 
KIT PO WER RHEOSTATS 25 & 50 Watt 
 6 for 3.60 

KIT FUSES ASEITT) BUSS & L'F ...SOO for 3.95 
KIT 0 & P tube caps 1/2 . %, 9/16"  50 for 2.95 
Dynmtr 6 Vinpt/240V/100  ma or  12/500 
V/50 ma DC   3.49 

Dyn 12/24 VInpt/275 V/100 ma & 12V/3 
A/DC/PM   

Dyn 12 or 28 VInpt/250 V/60 ma/ARC 5 etc  1.85 
Dyn 12 or 24 Vin/225 V/100 ma & 440 V/200 
Illa    6.75 

Dyn 28 V/300 V/260 ma & 150 V/10 ma/14.5 
V/5 A   3.95 
Tittradvrr & DRIVER 25 to 55 WATT   29.95 
W.E. DRIVER PM HEAD 25 to 55 Watt   12.95 
Antenna Telescopic 12" to 9 ft.   1.49 
Antenna Telescopic 12" to 13  ft.   2.95 
Antenna SCM 50/16 ft & Ins base & gnd   3.95 

1.95 

PRECISION RESISTORS 
ISC. SHALLCROSS. WE, MEPCO, INST. RES. 
CO.. °SMITE FOR METERS. BRIDGES. 

AMPLIFIERS 
'1/2 %  ••5%  10%  (REST 1%) 
2000••  4300••  5100••  12000** 
300006°  84000••  150000..  220000•• 
245000••  250000  950000  1155 
ABOVE SIZES 304 each asstd  10 for 21.98 
1  1.75  2  3  4 
10  5  7  7.5  7.9 
8  14.5  20  25  49 
50  75  81.4  100  1000 
150  170  300  400  500 
700  750  800  900  1150 
1500  4000  4900  5000  7500 
7950"  10000  15000  17000  20000' 
30000.  37000  50000  75000  84000 
ABOVE SIZES 454 each  10 for $3.00 
95000  100000  120000  130000  147000 
150000  166750  201000  229000  250002 
254000  422000  268000  294000  400000 
500000  570000  200000  700000  150000 
ABOVE SIZES 604 each  10 for 25.00 
ONE MEG W W 1% accy ea. 904  5 for  2.00 

 6 for 2.00 
SPRAGUE SEALED 10 or 12 meg   1.49 
1RC 1 MEG ta% 21.69; WESTON 2.5 MEG 

  4.95 
lite Dual 1 MEG (2 MEG)- 0.5% aocy HVlns  4.95 
WRITE Full OTHER SIZES FROM STOCK 

.RYSTAL DIODE 1N26 or 1N23 ..TWO for 21.50 
cRYSTAL DIODE 1N21 @ 450  3 for 1.00 
citYSTAL DIODE 1N34 @ $1.39  2 for 2.40 
CRYSTAL DIODE TEST SET 2680 NEW . 16.95 
TEST SET SUPREME 542/24 ranges ACDC 
•LN    15.95 

Blower 100 CFM/$5.95; Blower 125 CFM/ 
CSD    8.95 

TEST SET same as WESTON 697 VOM & 
CASE   20.95 

TS TRIUMPH 324 ACDC/VOM 10 ranges   10.95 
1-222  SIGENE3L3TOR  F'REQMTIL  MON 
•LN    99.95 

FOXBORO GRAPHIC STRIP RECORDER  39.50 
cyROSERVO BENI)IX COMPLETE   4 95 
SONAR QBE echoranging Equipment ....1,000.00 
SCI RADAR TEN CASES GE   2500.00 
X BAND WAVEMETER 9290-9470 MC'S   16.95 
x band WAVEMETER SHEPARD TUBE 
TURN° THERMISTOR & XTAL DIODE 
MPG DUAL ATTNTR & VERNIER PART 
OF TS13   29.95 

KLYSTRON MTO & DUAL COAXIAL   4.95 
WE DYNAMIC MICROPHONE & 20' cable 7.95 
('W3 RCVR NEW COMPLETE & DATA   14.50 
cw & F3 COILS 5.1-10 or 9.4-16.6 me's  2.70 
OSCILLOSCOPE  3"  KIT Tubes.  Trans/ 
eta   $16.95 

VIBRATOR PACK & STORAGE BATTERY 
TRY   9.91 

A ItTI3 SPEECH AMPLIFIER COLLINS  4.95 
RCI 073 SIOENERATOR h VHF Wavemtr . 24.93 
SCR522 RCWIt & XMTTER •LN   18.00 

Foil TECH MANUALS S.C. WRITE "TAB" 
SEND FOR TUBE LIST & DAILY TABOGRAM 
TAll IS OPEN TILL 10 PM THURSDAYS 

22 Mln. order FOB N.Y.C. Add Postage all orders 
and 23% deposit. Worth 2-7230. Seed for astsbee 
99. Soaelallete In  International  Expert. School. 
College & Industrial trade.  Menoyhaot "TAB" 
Guarantee. 

"TAB", Dept. K-10 Roo m 200 
Six Church Street, Ne w York 6, N.Y. 

Corner Church & Liberty Sts. 
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(Continued from page 68A) 

Running-Time Meter 
Designed for use on ac. circuits, this 

new time totalizer or running-time meter 
automatically registers total operating or 
idle time of any circuit, machine, or system 
to which it is connected. 

Manufactured by The R. W. Cramer Co. 
Inc., Centerbrook, Conn., the meter fea-
tures a counter that can be reset to zero. 
Typical applications include use to indi-
cate operating time of vacuum tubes so 
that replacement may be made before 
failure occurs; to indicate total operation 
hours of automatic machines; forecasting 
need of servicing and parts replacement. 
This meter indicates in tenths up to 10,000 
hours, and then repeats. 
Running-time meters with reset feature 

are available in three models. Type E7, 
illustrated, is a 3f-inch diameter-instru-
ment enclosed in combination die-cast and 
bakelite housing for flush panel mounting, 
and is equipped with knob reset accessible 
from front. Type ES is suitable for table 
use. Type E6, enclosed in metal housing 
arranged for conduit connection, is com-
plete with hinged cover and hasp for pad-
locking. These meters can be furnished for 
60- or 50-cycle frequency, 110 or 220 
volts. 
The slow-speed, self-starting motors used 

in this meter will start and operate satis-
factorily on rated voltage plus 10%. They 
are provided with a sealed-in lubricant, 
and it is claimed that they require no 
special attention. 

Low-Cost Converter 

A new low-cost converter for operation 
of radio-amplifier equipment and coin-
operated phonographs or other motor-
driven equipment has recently been de-
veloped by Electronic Laboratories, Inc., 
of Indianapolis. 
The unit has been designed for 110. 

volt d.c. line operation to operate devices 
up to 400 watts, at 60-cycle 110-volts a.c. 
It is claimed to give constant motor speed 
and elimination of the "wow" which has 
been encountered with motor-generator-
type converters. 

(Continued on page 70A) 

11111
Nh. ii&A.4.  1 TRANSMITTING AND 

1 

SPECIAL PURPOSE TUBES 

II""r  
"IT'S A PLEASURE .. ea 

WRIIE FOR 

NEWARK'S LIST of TUBES 

Make Newark your 

source, too, for all 

needed radio and elec-

tronic parts. Brisk, com-

petent service assures 

quick delivery. 

Ii  NE W YORK 
Offices & Woreho,, 
242 W.55,fiSt.,N.Y 

• 

. . . to do business with NEWARK!" So say 
hundreds of outstanding me.• in the Radio and 
Electronic Field. And here's why: 

• COMPLETE STOCKS OF ALL STANDARD 
MAKES, on hand at all times. 

• CONVENIENTLY LOCATED —  Three great 
stores  and  warehouses  centrally  located  in 
N. Y. C. 

• INDUSTRIAL DEPT —staffed  by  technical 
men who specialize in Industrial requirements. 

• NE WARK IS WAA AGENT —Acting  under 
contract WAS(p)7-I67, for distribution of TRANS-
MITTING & SPECIAL PURPOSE TUBES—largest 
stocks at lowest prices—for immediate delivery! 

ELECTRIC COMPANY INC 

TELEPHONE 

Circle 6-4060 

New York City Stores • 115.17 W 45th Sf. & 212 Fulton St. 

PICKERING 

• MAIL AND PHONE ORDERS 
FILLED PROMPTLY 

• WRITE: 202-N WEST 55th 
STREET, NEW YORK CITY 

THE MOST 
EXPENSIVE... 

INDISPUTABLY 

The Pickering Cartridge provides 

the cleanest reproduction ever 

achieved, with linear response 
to the limits of audibility. 

It tracks with only 15 grams 

pressure and fits practically 
any arm. It is acknowledged to 

be the finest record reproducer. 

CO., INC., 21I WEST 57TH STREET, N. Y. C. 

• 

• 

PROCEEDINGS OF THE I.R.E.  October, 1947  10A 



practical — 
help 

with your 

problems in 

ULTRAHIGH 

FREQUENCY 

TRANSMISSION 

& RADIATION 

By Nathan Marchand 

Herr is a book for practicins engineers 
who have to use UHF in systems of 
mobile and relay communications; fre-
quency modulation; relay and color 
television; pulse time modulation; and 
in many other specialized applications. 

The author, himself a practicing engi• 
neer, presents the basic principles of 
UHF so that you can readily apply 
them to the solution of your particular 
problems. 

All derivations and developments in 
the text lead to results that you can 
use on the job. To make this easier, 
M.K.S. units have been used through-
out. The author deals with transmis-
sion lines, antennas and wave guides 
as equipment that has to be designed, 
constructed and used. 

Mr. Marchand uses a mathematical 
approach in the derivations, with a 
detailed discussion of results—to give 
you a perception of the phenomena 
taking place. No attempt is made to 
cover the entire specialized field of 
transmission and radiation, but the 
fundamental principles are covered in 
full. Mr. Marchand includes many 
clarifying examples and detailed ex. 
planations, and he makes free use of 
graphic figures. 

Contents include: Transmission Lines; 
Elements of Vector Analysis; Funda-
mental  Electromagnetic  Equations; 
Plane Electromagnetic Waves; Radia-
tion; Antenna Arrays; Wave Guides; 
Complex Transmission Line Network 
Analysis. 

1947  322 Pages  $4.50 

_ 
Free Examination Coupon 
JOHN WILEY & SONS, INC. 
440 Fourth Ave., New York 16. N.Y. 

PIRE-10-47 
Please  send  me, for ten  days  FREE 
EXAMINATION, a copy of Marchand's 
ULTRAHIGH FREQUENCY TRANSMISSION 
& RADIATION. If I desire to keep the 
book, I will remit $4.50 plus postage. 
Otherwise I will return the book postpaid  
Name   
Address   
c. 1 

Employed by   
(Offer not valid outride 1.1.S•) 

  State   

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 rage 69A) 

Broadcast Dynamic 
Microphone 

A new high-fidelity moving-coil dy-
namic microphone, especially designed for 
broadcasting and recording, is now being 
manufactured  by  Electro-Voice,  Inc., 
Buchanan, Mich. 
This new micro-

phone, Model E-V 
635, is claimed to 
meet the exacting 
requirements of 
studio and remote 
work. It is omnidi-
rectional below 2000 
c.p.s., becoming di-
rectional at higher 
frequencies, and is 
effective for group 
as well as individual 
pickup. Wide 'fre-
quency range of 60 
to 13,000 c.p.s.±2.5 
db conforms to modern f.m. and a.m. stan-
dards. Output is —53 db. 
The unit is compact and rugged and 

can be used on a stand or in the hand, in-
doors and outdoors. For further data send 
to manufacturer for Bulletin 135. 

Recent Catalogs 
• • • On a new crystal-controlled oscil-
lator, by Bliley Electric Company, Erie, 
Pa. Bulletin No. 34. (CCO Model 2A). 
• • • On  a limiting  amplifier  (Type 
BA-5-A), by General Electric Company, 
Electronics  Dept.,  Transmitter  Div., 
Syracuse, N. Y. Send for 12-page booklet, 
EBR-99. 
• • • On relays, by Phillips Control Corp., 
612 No. Michigan Ave., Chicago 11, III. 
Ask for Catalog No. 7. 
• • • On d.c. dry electrolytic capacitors, 
by Pyramid Electric Company, 155 Ox-
ford St., Paterson, N. J. Catalog J-4. 
• • • On f.m. broadcast receivers, by Radio 
Engineering Laboratories,  Inc.,  35-54 
36th St., Long Island City 1, N. Y. Bul-
letin 5017A. 
• • •On selenium rectifiers for d.c. re-
quirements, by Radio Receptor Company, 
Inc., 251 West 19 St., New York 11, N. I'. 
• • • On a new impedance vectograph, by 
Sound Apparatus Company, 233 Broad-
way, New York 7, N. Y. Send for de-
scriptive bulletin entitled "Sound Ad-
vances." 
• • • On voltage control, by The Superior 
Electric Co., 27 Church St., Bristol. Conn. 
Send for 12-page illustrated Bulletin No. 
547. 
• • • On electronic tubes, by Sylvania 
Electric Products, Inc., 500 Fifth Ave., 
New York 18, N. Y. Catalog EC-20B. 
• • •On a dynamic noise suppressor, 
Type 910-A, by Technology Instrument 
Corp., 1058 Main St., Waltham 54, Mass 

(Continued on gage 71A) 

* Here's a "must" for every well-equipped 
lab, plant, school, service shop, ship, etc. 
The  unique  Clarostat  Power  Resistor 
Decade Box solves resistance problems 
under actual working conditions. No cal-
culations. No guess-work. No extensive 
experimentation. Instead, just insert in 
actual circuit, adjust decade knobs until 
best results are attained, and then read the 
correct  resistance  value right off the 
dials! 

Covers resistance range of 1 
ohm to 999,999 ohms. 

Each decade dissipates up to 
225 watts. Greenohms (wire-
wound  cement-coated  power 
resistors)  used  throughout. 
Glass-insulated wiring. 

• 
Six decade switches on sloping 
panel. Direct-reading in ohms. 
Maximum current per decade: 
5, 1.5, .5, .15, .05 and .005 amp. 

Frosted-gray metal case. 
Etched black-and-aluminum 
panel. Dual binding post term-
inals for left and right hand 
duty. 

Grille at bottom and louvres at 
side for adequate ventilation. 

13" long; 81/2" deep; 5 " high. 
Weight, 11 lbs. 

* Write for Literature... 
Bulletin No. 114 describes and illustrates the 
Clarostat Power Resistor Decade Box. Write for 
this literature. Your local Clarostat jobber can 
show you this "must" equipment. 

, CLAROSTAT MFG. CO., Inc • 285.7 N. 6th St Brooklyn. N.Y. 
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(Continued from page 704) 

Model 500 V.F.O. Exciter 

Barker 8c Williamson, Inc., of 237 
Fairfield Ave., Upper Darby, Pa., claim 
that their new v.f.o. exciter features in-
herent stability equal to that of the finest 
nontemperature-controlled crystal units. 

Each unit is temperature cycledTfor 
drift compensation and is supplied with a 
calibration chart for definite frequency 
reference. It is stated that absolute fre-
quency retrace may be obtained by beat-
ing the 5th harmonic of the 2-Mc. funda-
mental against VylVV on 10 Mc. 
Output coupling reactance on the new 

v.f.o. is eliminated. Grounding the output 
or coupling a tuned circuit to the exciter 
will cause a frequency shift of less than 
one part in 8,000,000, according to the 
manufacturer. 
For those who do not require the com-

plete unit, the Model 502 v.f.o., complete 
with dial assembly and instructions, may 
be obtained separately. 

Interesting Abstracts 

• • •Formerly sales manager of Standard 
Arcturus Corp., of Newark, N. J., James 
R. Donahue has been elected president of 
Arcturus Radio & Television Corp., a 
newly formed associate company of Stand-
ard Arcturus. The offices and plant of 
the new company are located at 19 
Nesbitt St., Newark, N. J. John V. 
Rice, formerly associated with National 
Union Radio Corp., has been appointed 
sales manager in the Tube Division of 
Standard Arcturus. 
• • • "What is GCA?" is the title of a 
new and attractively illustrated booklet on 
ground-controlled-approach radar for land-
ing planes safely in foul weather. Copies 
may be obtained upon request from John 
M. Sitton, Bendix Radio  Division of 
Bendix Aviation Corp., Baltimore 4, Md. 
• • • P. R. Mallory & Co., Inc., have an-
nounced the removal of their New York 
office to 41 East 42 St., Suite 1215, New 
York 17, N. Y. They are manufacturers 
of electrical, electronic, and metallurgical 
components, dry-cell batteries, and re-
sistance-welding electrodes, with head-
quarters and main plants at Indianapolis, 
Ind., and branch plants at North Tarry-
town, N. Y., and Tipton. Ind 

FOR LO W HUM .. 
HIGH FIDELITY 

SPECIFY KENYON TELESCOPIC SHIELDED HUMBUCKING TRANSFORMERS 

For low hum and high fidelity Kenyon tele-
scoping shield transformers practically 
eliminate hum pick-up wherever high 

quality sound applications are required. 

CHECK THESE ADVANTAGES 

LOW HUM PICK-UP . . . Assures high gain with 
minimum hum in high fidelity systems. 

v. HIGH FIDELITY ... Frequency response flat with-
in • 1 db from 30 to 20,000 cycles. 

r--• DIFFERENT HUM RATIOS . . . Degrees of hum re-

duction with P-200 series ranges from 50 db 
to 90 db below input level . . . made possible 
by unique humbuckling coil construction plus 

multiple high efficiency electromagnetic shields. 

fr. QUALITY DESIGN . . . Electrostatic shielding 
between windings. 

WIDE INPUT IMPEDENCE MATCHING RANGE. 

EXCELLENT OVERALL PERFORMANCE . . . Rugged 
construction, lightweight- mounts on either end. 

SAVES TIME . . . In design ... in trouble shoot-
ing  in production. 

Our standard line will save you time and money. 

Send for our catalog for complete technical data on 

specific types. 

For any iron cored component problems that ore 

ofi the beaten track, consult with our engineering 
deportment. No obligotion, of course. 

KENYON TRANSFORMER CO., Inc. 
840 BARRY STREET  NEW YORK U S A 

64 424S, 

Stwee4visa 

U. H. F. STANDARD SIGNAL 
GENERATOR MODEL 84 

SPECIFICATIONS 

CARRIER FREQUENCY: 300 to 1000 megacycles. 

OUTPUT VOLTAGE: 0.1 to 100,000 microvolts. 

OUTPUT IMPEDANCE: 50 ohms. 

MODULATION: SINE WAVE, 0 -30%, 400, 1000 or 2500 
cycles. PULSE  Repetition -60 to 100,000 cycles. Width -
1 to 50 microseconds. Delay -0 to 50 microseconds. Sync. 
input —amplifier and control. Sync. output —either polarity. 

DIMENSIONS: Width 26", Height 12", Depth 10". 

WEIGHT: 125 pounds including external line voltage reguiator. 

1 . 

MEASUREMENTS  CORPORATION 
(Continued on page 72A) 
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PROFESSIONAL CARDS 

JOHN F. BRINSTER 

Applied Physics, Mathematics and Electronics 
Design Industrial Applications Engineering 
Research  Development  Consultation 

Specialist in Radio Telemetering 

THE APPLIED SCIENCE 
CORPORATION OF PRINCETON 
P.O. Box 844, Princeton, N.J. 
Phone: Lawrenceville, N.J. 430 

Office & Laboratory: U. S. Highway 8 1, 
RD. 84, Trenton, New Jersey 

ED WARD J. CONTENT 
Acoustical Consultant 

Functional Studio Design 
FM - Television - AM 

Audio Systems Engineering 

Roxbury Road  Stamford 3-7459 
Stamford, Conn. 

STANLEY D. EILENBERGER 
Consulting Engineer 

INDUSTRIAL ELECTRONICS 
Design —Development —Mod: 1s 

Complete Laboratory and Shop Pedlities 
6309-13 -27th Ave. 

Kenosha, Wis.  Telephone 2-4213 

HERBERT A. ERF 
Architectural Acoustics 

Consultant 
STUDIO DESIGN 

Standard Broadcast —FM —Television 
Cleveland IS, Ohio 

3148 Carnegie Avenue  EXpress 1616 

DAVID C. KALBFELL, Ph.D. 
Engineer — Physicist 

Complete laboratory facilities 
Industrial instrumentation and control 

Broadcast engineering and measurements 
1076 Morena Boulevard  Jackson 1139 

San Diego 10, California 

FAirmount 5105  EXpress 7766 

FR A NK M ASS A 

Electra-Acoustic Consultant 

sm Bellwood Road  3868 Carnegie Avenue 

CLEVELAND, OHIO 

ROBERT E. McCOY 
Consulting Engineer 

Antennas, Antenna-Coupling Systems, 
Direction Finders and Beacons. 

Electronic Circuits for Special Purposes: 
Measurement, Computation and Control. 

801-302 Concord Bldg., Portland 4, Oregon 

EUGENE MITTELMANN, EL, Ph.D. 
Comsolting Englneor & Ph 'chiles 

IIICBI FREQUENCY DILATING 
INDUSTRIAL ELECTRONIC& 

APPLIES) PHYSICS & 
MA ruEmArics 

549 W. Washington Blvd. Chicago 6, III. 
Phone: Stotts 8021 

IRVING RUBIN 
Physicist 

Radio Interference and noise meters, Inter-
ference suppression methods for ignition sys-
tems and electrical devices. Laboratory facili-
ties. 
P.O. Box 153, Shrewsbury, New Jersey 

Telephone: REDBANK 6-4247 

ARTHUR J. SANIAL 
Consulting Engineer 

Loudspeaker  Design;  Development;  Mfg. 
l'rocesses.  High Quality Audio Systems. 
Announcing Systems. Test and Measuring 

Equipment Design. 
168-14 32 Ave.  Flushing, N.Y. 

FLushing 9-3574 

Paul D. Zottu 
Consulting Engineer 
Industrial Electronics 

High Frequency  Dielectric  and  Induction 
Heating Applications, Equipment Selection, 
Equipment and Component Design, Develop-
ment, Models 

272 Centre St., Newton, Mass.  BIG-9240 

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 71/I) 

Film Counter 

This counter, weighing only four pounds, 
is designed for use in motion-picture view-
ing, dubbing, rerecording, and narrating. 
It is manufactured by Arlington Elec-
trical Products, Inc., 18 West 25 St., New 
York 10, N. Y. 
The unit can be located remotely from 

a projector, recorder, or dubbing head, and 
will read elapsed time in minutes and 
tenths of a minute, and in feet of film 
that has passed through the machine. 
The manufacturer believes that the di-
versity of this new counter will provide 
invaluable service to studio production 
methods. 
The mechanism is mounted in a cabinet 

with a sloping panel to reduce eye strain. 
Case dimensions are 7i Xtlf X4i inches. 
Standard model, 110 volts, 60 cycles for 
35-mm. film. Special units are also avail-
able.  (Continued on page 73,I) 

NE W R MC 

EL-3 EQUALIZER 
(PATENTS PEND17s ) 

for simplified operation 

plus finest reproduction 

... without compromise 

777 , 

Get the highest quality tone re-
production possible by using the 
new EL-3 EQUALIZER with both 
Vertical and Lateral recordings. 
Use one arm for Vertical only 
and one arm for Lateral only on 
one turntable or separate tables. 
Connect both to the new EL-3 
EQUALIZER  and  obtain  the 
acme of perfection in reproduc-
tion from your records and tran-
scriptions. By simply switching 

4  the new EL-3 EQUALIZER from 
vertical equalization to Lateral 
allows changing from one arm 
to the other, at same time, correct 
equalization is thrown in. 
Both the RMC Vertical only 

and Lateral only Reproducers 
can be replaced by the IIMC 
Universal head on either or both. 
Users of present RI M EL-2 

Equalizer can get the extra ad-
vantages of the EL-3 model by 
exchanging Equalizer at a special 
replacement price. Immediate de-
livery of any extra arm or head 
1% ith EL-3 Equalizer. 

Write for Reproducer Bulletin DA-5I. 

RADIO- MUSIC CORPORATION 
POUT CHESTE R  •  :NE W YOR K 
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(Continued from Page 72A) 

Voltage Regulator, 
Model E-3006 

Designed to provide a highly stable, 
precisely regulated source of d.c. voltage 
and current especially applicable for test-
ing of instruments, a new voltage regu-
lator, pictured below, has been announced 
by Sorenson & Company, Inc., 375 Fair-
field Ave., Stamford, Conn. 

...................... 

The unit measures approximately 3 feet 
high X2 feet wide X18 inches deep. The 
upper half is a modified Nobatron with an 
input voltage range of 95 to 125 volts 
a.c.; output voltage, 6 volts d.c.; load 
range, 71 to 15 amperes; input frequency 
range, SO to 60 cycles; and an ambient 
temperature range of —50° to +50° C. 
The lower half contains a regulated d.c. 

power supply with an input voltage range 
of 90 to 135; output voltage, 0 to 300 
volts d.c. continuously adjustable; load 
capacity, 100 ma.; and an input frequency 
range of SO to 60 cycles. 

Cathode-Ray Oscillograph 
A new cathode-ray oscillograph, identi-

fied as Type 247-A, has been developed by 
Allen B. DuMont Laboratories, Inc., 
Passaic, N. J., to provide an instrument 
which may be used to investigate transient 
as well as recurrent phenomena over a wide 
range of frequencies. 
This new instrument is electrically 

identical to the Type 247 c.r.o., with the 
except that it utilizes the DuMont Type 
5RP-A multiband, high-voltage, intensi-
fier-type c.r.t. Used in conjunction with 
the Type-263-A 10-lcv. high-voltage power 
supply, Type 247-A provides a brilliant, 
sharp trace for the delineation of the finest 
detail of single transients. 
Present owners of Type 247 may have 

them converted to Type 247-A by return-
ing their instruments to DuMont's Na-
tional Service Dept., Passaic, N. J. 
Descriptive catalogs may be obtained 

from the manufacturer. 

(Continued on page 744) 

RH-7M 

RADIO MANUFACTURERS... 
A LO W COST CRYSTAL 
RH-7M is a new hermetically sealed crystal unit 
which combines wide frequency range and in-
creased performance with low cost. RH-7M is pro-
vided with wire leads to specified length. On fixed 
frequencies of transmitters or receivers this unit 
can be soldered in directly with other components 
of the set thus eliminating plug in sockets and pos-
sibility of contact failure. RH-7M with prongs to fit 
standard sockets can be supplied on special order. 

Any fundamental frequencies from 3 mc. to 20 mc. 
can be supplied with tolerances from 0.01% down 
to plus or minus 0.003°0 over a temperature range 
of minus 55° to plus 90°C. 

For series resonance application frequencies of 
mechanical overtone (mode) from 15 mc. to 75 mc. 
can be supplied. 

This unit is also very adaptable for low frequency 
filter circuits. CT cut, center mounted, plated crys-
tals have a frequency range from 300 kc. to 600 kc. 
DT cut, center mounted crystals range from 200 kc. 
to 400 kc. 

Patent Pending 

T — 

j Z 

;1 71 

 ...— 

a r„2 41, 

RH-7M Dimensions 

Rh  i REEVES-HOFFMAN 
= ==,  C O R P O R A T I O N 

SALES OFFICE: 215 EAST 91 STREET, NE W YORK 28, N. Y 

PLANT  321 CHERRY STREET, CARLISLE, PA 

MEASURE COMPLEX IMPEDANCES 
IN POLAR COORDINATES . . 

Read Directly Impedance Magnitude 
and Phase Angle With 

Z-ANGLE 
METER 

A New Instrument For Electrical 
and Electro-acoustic Measurement. 

APPLICATIONS . . . 

Loudspeakers 
Microphones 
Transmission Lines 
Filters 
Amplifier Inputs and Outputs 

FOR MEASURE MENTS OF. 

Resonant Circuits—series Or 
parallel 
Transformers 
General Laboratory Measure-
ments 

• Impedance (Z)  0.5 to 100,000 ohms 
• Phase Angle (A)  90 ° (XL) thru 0° (R) to —900 (Xe) 
• Frequency  30 to 20,000 c. p. s. 

WRITE FOR COMPLETE INFORMATION TODAY 
Engineering Representatives: 

Chicago: 1024 Superior Street, Oak Park, Illinois 
Phone: Village 9245 

If ollywood: 623 Guaranty Building, Hollywood 28, California 
Phone: H011ywood 5111 

See MI at the National Electronics Conlerenco 
Booth No. 12 

TECHNOLOGY INSTRUMENT CORP. 
MAIN ST., WALTHAM 54, MASSACHUSETTS 
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First book to offer 
a detailed study of 

ELECTRONIC 
TRANSFORMERS 
AND CIRCUITS 

By REUBEN LEE 
Advisory Engineer. Industrial Elec-
tronics Division. Westinghouse 

Electric Company 

The author has written this book 
for use and reference by men 
working in the fields of radar and 
communications. You will find 
essential  material  in  ELEC-
TRONIC  TRANSFORMERS 
AND CIRCUITS that has not 
been available before. Mr. Lee 
stresses applications rather than 
pure theory, and writes in a logi-
cal, straightforward manner that 
makes even the most difficult top-
ics easy to understand. He clari-
fies each point by many illustra-
tions, good working rules and 
practical examples. Problems are 
provided for readers who want to 
learn the subject thoroughly. 
In addition to providing the only 
reference on the design of trans-
formers for electronic apparatus, 
this volume furnishes information 
about the effects of transformer 
characteristics on electronic cir-
cuits. 
Contents: 
I. Introduction 
II. Transformer Construction,  Ma-

terials, and Ratings 
III. Rectifiers,  Transformers,  and 

Reactors 
IV. Rectifier Performance 
V. Amplifier Transformers 
VI. Amplifier Circuits 
VII. Higher Frequency Transformers 
VIII. Electronic Control Transformers 
IX. Pulse and Video Transformers 
APPENDIX A. Analysis of Step-Up 
Transformers for Square Waves 
B. Step-Down Transformers 
C. Linearity of Sawtooth Transformers 
D. Analysis of Voltage Rise in a Reac-
tor 

BIBLIOGRAPHY 
1947  284 Pages  $4.50 

Nom gm EN  IMO M OP 

FREE EXAMINATION COUPON 
IRE-10 -47 

JOHN WILEY & SONS, INC. 
440 Fourth Ave., New York 16, N.Y. 

Please send me, for ten days  free 
examination, a copy of Lee's ELEC-
TRONIC  TRANSFORMERS  AND 
CIRCUITS. If I desire to keep the 
book, I will remit $4.50 plus postage: 
otherwise I will return the book post-
paid. 

Name   

Address    

City   State   

Employed by   
(Offer not valid outside U.S.) 

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 73A) 

Direct-Coupled Amplifier 
Known as Model ACA-100GE, a new 

amplifier has been developed to ac-
commodate the General Electric variable-
reluctance magnetic pickup without the 
use of any additional preamplification or 
equalized circuits. 

In announcing this new product, the 
manufacturer, Amplifier Corporation of 
America, 398-1 Broadway, New York 13, 
N. Y., states tHat it is equipped with a 
built-in specially designed low-noise and 
low-hum  preamplifier and  fixed  pre-
equalizer to fully compensate for the 
characteristics of the G.E. variable-re-
luctance pickup; and that it contains, in 
addition, a variable high frequency equaliz-
er for compensation of pre-emphasized re-
corded and radio programs, as well as a low-
frequency equalizer for full compensation 
of constant-amplitude recordings. 
The amplifier utilizes a new signal self-

balancing and current  drift-correcting 
direct-coupled output circuit. Response 
is 20 to 20,000 cycles +1 db. It is claimed 
to develop 23 watts with less than 1% total 
distortion; less than  of I% is present at 
a 12-watt level. Over-all gain, 117 db; 
hum and noise level, —40 vu. An addi-
tional independent input of 500,000 ohms 
is provided. Balanced output terminals are 
provided for 8, 16, 20, and 500 ohms. 
In-between terminals provide the fol-
lowing additional output  impedances: 
2, 4, 5, 10, 80, 125, 160 and 175 ohms. 
Power consumption, 150 watts. Over-all 
dimensions, 17i X10 X10 inches. 

Series 858 Multi-Master 

With this new instrument, laboratory 
and field testing becomes a push-button 
operation, covering 54 a.c. and d.c. ranges. 

(Continued on page 75A) 

SURPLUS 
Equipment 

r, 

W. E. 704-A high frequency diode, plate 
to cathode capacity 0.55 mmfd, 1" x 
%"  $1.00 

Radar Jamming equipment, T-85/APT-5, 
output 40 watts noise modulated signal, 
500 to 1500 megacycles, less power sup-
ply, new  150.00 

Radar receiver transmitter, 9 to 12 cm, 
compact, complete with tubes, 115 v 60 
cps, new  $50.00 

Radio compass receiver, Bendix MN26A, 
150 to 1500 kc, 12 tubes, 12 volt dc opera-
tion, new  $40.00 

Radar Transmitter BC947A, 10 cm, less 
power supply, used, weighs 380 pounds, 
complete with magnetron  $40.00 

Clough Brengle AC capacity, resistance 
and turns ratio bridge, model 230, new 
  $55.00 

General • Radio  Precision  Wavemeter, 
Type 724-A, range 16 kilocycles to 50 
megacycles, V.T.V.M. resonance indi-
cator, complete with accessories and 
carrying case, new, packed for export 
  $200.00 

Resistance Limit Bridge, Industrial In-
struments model LB-3, good working 
order  $95.00 

SF and SL complete 10 cm radar equip-
ments   

Meissner Communications receiver, "traf-
fic master" model 10-1174, 14 tubes, 5 
bands, .53 to 31 mc, repaired factory re-
jects, new  $90.00 

Tunable 10 cm mixer cavities  $5.00 

Type N connectors, UG 21, 25, 27, 29, 30, 
58, 83, 86, 245, 266 U, immediate delivery. 

Ceramic, feed thru threaded capacitors 
and silver button micas 15 to 500 mini d. 

Pulse input transformer, permalloy core, 
50 to 4000 kc, impedance ratio 120 to 2350 
ohms  $2.80 

Blocking oscillator transformer, imped-
ance 0-5000 ohms, three windings, turns 
ratio 1:1:1  $0.50 

Dynamotor PE-103, 6 or 12 volts DC in, 
500 volts 160 ma out  $9.50 

Invertor, Holtzer Cabot, 24 volts DC to 
115 volts 400 cps, 750 watts  $12.00 

Magnetrons:  3331  $15.00,  705A  $15.00, 
2326, 2332 $25.00 

Attenuator CN-50/APN, calibrated mutual 
inductance attenuator, 30 to 1000 db, 50 
ohm terminating resistor at each end, 
used up to 500 mc  $15.00 

ELECTRO IMPULSE 
LABORATORY 

Box 250  Red Bank New Jersey 

Reef Bank 6-4247 
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NE WS-NE W 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 74A) 

Series 858 Multi-Master, designed and 
manufactured by Precision Apparatus 
Co. Inc., 92-27 Horace Harding Blvd., 
Elmhurst, L. I., N. Y., is a supersensitive 
20.000-ohms-per-volt, wide-range test set 
engineered for high-speed measurements 
in modern electronic circuits. 
This test set incorporates a large, easy-

reading meter. The deeply etched anodized 
aluminum panels are resistant to moisture 
and wear. 
It is available in two models. Number 

858-P, illustrated, comes in a portable 
hardwood case; and 858-L is designed for 
laboratory use and is housed in a shallow 
bakelite case. Both models are supplied 
complete with internal ohmmeter bat-
teries and high-voltage test leads. 

Tetrode Type 4-65A 
The availability of a 65-watt Eimac 

tetrode has been announced by Eitel-
McCullough, Inc., of 178 San Mateo Ave., 
San Bruno, Calif. 

This new vacuum tube is small, radia-
tion cooled, and is designed to fit com-
mercially available sockets. Type 4-65A 
is suitable for mobile applications. It 
features an instant-heating 6-volt thori-
ated-tungsten filament, nonemitting grids, 
and a processed metal plate. 
The manufacturer claims excellent per-

formance over the entire rated plate-volt-
age range of 400 to 3000 volts. A data 
sheet is available upon request to Eitel-
McCullough, Inc., at address shown above. 

Plant Expansions 
• • • At 601  Newark Ave., Hoboken, 
N. J., by Condenser Service & Engineer-
ing Co., Inc., for development work and 
metal spray. 
• • • At South Plainfield, N. J., by Cornell-
Dubilier Electric Corp., to meet the in-
creased demand for their Pole-Type ca-
pacitors. 

Cathode-Ray Tube 

In the above photograph, the glass side 
wall has been cut away to permit an in-
side view of this newly developed reflec-
tronic 10-inch direct-viewing aluminized 
non-ion trap cathode-ray tube, which is 
being manufactured by the North Ameri-
can Philips Co. Inc., with offices at 100 
East 42 St., New York 17, N. Y. 
This aluminized screen, applied by a 

special process, together with the use of 
an improved getter action employing 
zirconium, assures protection against ion 
spot. Elimination of the ion trap simplifies 
the adjustment of focus, and the alum-
inized screen, by reflecting all available 
light, produces the brilliant picture detail 
necessary under high ambient illumina-
tion. The tube has no magnet to adjust, 
thus eliminating necessity for a rigid mag-
net mounting. 

NOTICE 
Information for our News and New 

Products section is warmly welcomed. 
News releases should he addressed to 
Mrs. Harriet P. Watkins, I.R.E. In-
dustry Research Division, Room 707, 
303 West 42nd St., New York 18, 
N. Y. Photographs, and electrotypes 
if not over 2" wide, are helpful. 
Stories should pertain to products of 
interest specifically to radio engi-
neers. 

(Continued on page 76A) 

7,14 t 
Simget 
gilreeeeat/ 

Spectrum Analysis 
with 

PANALYZOR 
or 

PANADAPTOR 

410 C 

ifii?? •000  0 C, 
41-  • 

If your problem is observation of 
oscillator behavior, under static 
and dynamic conditions ... 

or performance analysis of FM and 
AM systems... 

or determination of energy distri-
bution of pulse signals ... 

or band monitoring, one of these in-
struments will cut the job to the 
bone... 

6e6aude 
• a whole band of discrete signals 
can be observed at once ... distrib-
uted in order of frequency. 

• direct comparisons of the fre-
quency and amplitude of many iso-
lated signals can be made in a 
matter of moments. 

• carriers and side bands, produced 
even by relatively low frequencies, 
are clearly resolved. Modulation 
characteristics can be easily iden-
tified. 

• all indications are graphic—enab-
ling positive interpretation. 

• instrument operating procedures 
are fundamentally simple. 

• 

WRITE NO W for recommenda-
tions regarding your particular 
problems, detailed specifica-
tions, prices and delivery time. 

PANORAMIC t  RADIO CORPORATION 

+. } 

242 250 WEST SS' ST  fr., /.4. 

niusirs Vanedlen lop sssss  Consillen Alleresni, ltd. 
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LABORATORY TEST EQUIPMENT 

by FREED 

No. 1030 Direct Reading 
Low Frequency "Cr In-
dicator "OP .5 to 500 No. 1020 Direct Reading 
Frequencies  from  50. Megohmeter  up  to 
50.000 Cycles  1,000.000 megohms. Salt 

Contained A.G. Operated 

Descriptive 

Send for 

Literature 

No. 1050 60 
Cycle Filter 

No, 1010 Com-
parison  and 
Limit  Bridge. 
Sell Contained 
A.G.  Operated 

No. 1040 
Wide Range 
Vacuum Tubs Voltmeter 

FREED TRANSFOR MER COMPANY, INC., 72-78 Spring Street, N.Y.C. 

Worthy of an Engineer's Careful Consideration 

TY P E 102 - A LINE AMPLIFIER 
TYPE 102A Amplifier is one of the 102 Series 

Line Amplifiers of which four different types are 

available. The "A" is mostly used to drive the 

line after the master gain control. It is quiet, hos 

excellent frequency characteristic and ample 

power output with low distortion  products. 

The lange thi Company 
SOUND REINFORCEMENT AND REPRODUCTION ENGINEERING 
NE W YORK  SAN FRANCISCO  LOS ANGELES 

37 W 65 Si, 23  1050 14.2.1wd S, 3  1000 N S6yrard Sr, 311 

ECTIR°P..110 G 
NEE pIN ENGfI 
' 

rviAST'EF:, 

Cloth bound, 
220 pages 

$14.50  

MEMO To Chief Engineers, Research Directors, Librarians— 

Your laboratory needs these idea-stimulat-
ing, time-saving, indispensable references. 

1946 Supplement Edition  ELECTRONIC ENGINEERING 

MASTER INDEX, 1946 
This supplement to the definitive 1925-1945 edition of 
the Master Index covers the period from July 1945 to 
December 1946. Contains over 7000 bibliographical en-
tries from 85 American and foreign periodicals grouped 
under more than 400 subject headings ranging over 
fields of communication, broadcasting, electronic ap-
plications, radar, FM, television, etc. Also contains com-
prehensive section of abstracts on manufacturers' cata-
logs. 

First Compilation of Its Kind! 

Electronic Engineering 

PATENT INDEX, 1946 
Presents a wealth of information on more than 2,000 U.S. elec-
tronics patents issued during 1946. Covers a wide range of 
design, component, and manufacturing details. Every patent 
lists inventor, assignor, claims granted, etc. Profusely illus-
trated. Here in one volume is the complete compilation from 
52 weekly issues of the U.S. Patent Office Gazette. A book 
indispensable in design and manufacturing departments of 
your organization. 

Cloth bound, 
476 pages $14.50  

ELECTRONICS RESEARCH PUBLISHING CO. 
2-4 WEST 46TH ST., N.Y. 19, N.Y. 

LIMITED 
OFFER 

3 3 Y3 % 
DISCOUNT 
Allowed to individ-
ual purchasers as a 
professional  cour-
tesy. Deduct $4.83 
from $14.50 price. 
This is a limited 
offer. 

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 754) 

New Coaxial Relay 
Pictured below is a new product known 

as Series 7200 ac. or Series 8200 d.c., 
manufactured by Advance Electric & Re-
lay Co., 1260 \Vest Second St., Los An-
geles, Calif. 

This relay  has been  designed  for 
s.p.d.t. switching of 50-ohm coaxial lines. 
It features (1) inspection port shown at top 
for easy access to internal 1/4-inch silver 
contacts; and (2) 3/16-inch silver external 
contacts for simultaneous control of indi-
cator lights and other associated circuits. 
Connectors are Amphenol 83-IR for 

RG-8U coaxial cable. The standing-wave 
ratio is only 1.02 when RG-8U cable is 
used. 

Type—BH6 V.H.F. Crystal 

Bliley Electric Company, 227 Union 
Station Bldg., Erie, Pa., has announced 
this new crystal in the 15-100-Mc. range. 
It employs a paper-thin quartz plate 
operating on third, fifth, and seventh over-
tones. The crystal, lapped as thin as 
0.004 inch, is processed to micro-toler-
ances and silver plated to insure long-term 
precision. A pair of ceramic rings clamp 
the delicate quartz plate rigidly in posi-
tion. Recommendations covering oscil-
lator circuits best suited for optimum 
performance will be made by the manufac-
turer when qualifications are stated, such 
as drive requirements to the following 
stage, frequency tolerance, and tempera-
ture range over which tolerance must be 
maintained. 

(Continued on page 774) 
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finch 
first in facsimile 
for broadcasting and point-
to-point communication! 
FINCH TELECOMMUNICATIONS 

INC ORP OR ATE D 

SALES OFFICE 

10 EAST 40th STREET, NE W YORK 
FACTORIES  PASSAIC  N 1 

MICROTORQUES 
by  AUT OFLI G HT 

FOR REMOTE DATA 

TR A NS MISSI O N 

Solve remote control and remote indicat-

ing problems by adapting Microtorque 

Potentiometers to your particular needs. 

Microtorque Potentiometers can be con-

nected directly to your present gages and 

indicators by a simple yoke adaptation to 

the instrument pointer, and used to operate 

directly recorder controllers,oscillographs, 

telemetering circuits, etc. 

Input torque less than 

.003 oz. in. Size 

ris1 1/4 " Weight less 

than 3/4 oz. 

Write for detailed 
iidenaatisa. 
-„ „ovine:La 

E:klJTOFLIG 

AUTOFLIGHT 
INSTRUMENTS 
2115 WEST COLORADO ST. 

PASADENA 1, CALIFORNIA 

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 76A ) 

Geiger-Counter Tubes 
To meet the growing demand for its 

X-ray apparatus, including these tubes, 
the North American Philips Company, 
Inc., has acquired a new factory building in 
Mt. Vernon, N. Y., according to an an-
nouncement by L. J. Chatten, Vice-Presi-
dent and General Commercial Manager 
at the New York offices, 60 East 42 St. 

The particular Geiger-counter tube il-
lustrated above is supersensitive to X-rays. 
In action, the wire at the center of the tube 
and the metal external cylinder are elec-
trically charged to provide a delicate cir-
cuit balance. Stray electrons will disturb 
the sensitive device. This causes a pulsa-
tion which is evidenced by the flash of a 
lamp, the click in a pair of earphones, or 
by pointeLdeflection on an electrical in-
strument. 

Wired-Music Amplifier 
Model 610 illustrated below is a 20-watt 

wired-music amplifier now being produced 
by Langevin Manufacturing Corporation, 
37 West 65 St., New York 23, N. Y. 

Among the special features of this ampli-
fier are a shielded, balanced input trans-
former; gain-limiting control; two input 
channels; and an input-impedance selector 
switch. The manufacturer claims that 
extremely low distortion and a frequency 
characteristic of ±1.5 db from 30 to 
15,000 cycles highlight the electrical char-
acteristics. 
Easy installation is assured and no 

soldering iron is necessary, as input and 
output connections are made to simple 
screwdriver-type connector lugs on the 
terminal board. The 610 Amplifier may be 
single or multiple cabinet mounted in units 
of Cabinet No. 202 available from the 
manufacturer for the purpose. 

Specify 

MYCALEX 
LO W LOSS INSULATION 

Where high mechanical and elec-
trical specifications must be met. 

MYCALEX 410 
(MOLDED MYCALEX) 

makes a positive seal with metals 
. . . resists arcing, moisture and 
high temperatures. 

27 years of leadership 
in solving the most 

exacting high frequency 
insulating problems. 

MYCALEX CORPORATION 

OF AMERICA 
"Owners of 'MYCALEX Patents" 

Plant and General Offices: Clifton, NJ. 
Executive Offices: 30 Rockefeller Plaza 

New York 20, N.Y. 

( 1Merch 22 - 25 

V o l \ p r n 

‘ .  • 

WADI° ENGINEERING 
SnON - 

N el 

Grand Cenrra yalace 

Hotel Commodore 

New York Cary 

A 

Announcing —The 1948 National 
Convention of The Institute of 
Radio Engineers, and Radio Engi-
neering Show 
PLACE: Grand Central Palace and 

Hotel Commodore 
TIME: Monday, March 22 through 

Thursday, March 25, 1948 
EXHIBITS: Available to about 250 
radio and electronic firms. First floor 
units 10' x 12', rental $480.00. Second 
floor units 10' x 8', rental $250.00; for 
four days or about 36 hours. Write for 
full details and register your space re-
quirements now, to: 

William C. Copp, I.R.E. 
Exhibits Manager 

303 West 42nd Street 
New York 18, N.Y. 
Circle 6-6357 
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CAPITOL  RADIO  ENGINEERING  INSTITUTE 

Wbor• Professional Radiomen Study INDEX AND DISPLAY ADVERTISERS 

Fin-n-v, 0).1\ 

"CREI training training builds into 
the student a tsable, 
working knowledge of 
practical radio engineer-
ing. It develops that sure 
confidence in his own 
ability which enables hint 
to go after the better jobs 
—and get them". 

CREI Offers the 

Advanced Technical 
Training that is 

necessary to advance in 
Radio Electronics 

CREI practical home study courses in 
Radio-Electronics and Television Engineer-
ing will supplement your present radio ex-
perience with the advanced, modern tech-
nical training that can lead you to security 

and a better-paying job. 

Ours is an intensive program, but one 

which fits into the most crowded schedule. 
It is for only those who see the opportuni-

ties before them; those who see this urgent 
need for trained technical ability to keep 
pace with the rapid strides of the industry 

in so many fields. 

Thousands  of  professional  radiomen 
have enrolled for CREI training since 

1927. Many of them are men who are hold-
ing responsible positions today . . . many 
are looking into the future with the fore-
sight and ambition to prepare for the better 
jobs ahead. 

The CREI story can be important to 
you . . . and to EVERY MAN who is 
seeking a way to improve his position 
in the radio field. Write us today for 
our booklet and pertinent facts as they 
apply in your own case. Please state 
briefly your education, radio experi-
ence and present position. 

"Since 1927" 

CAPITOL RADIO 
ENGINEERING INSTITUTE 
An Accredited Technical Institute 

E. II. Rieteke, President 

Dept. PR-10, 16th & Park Rd., N. W. 

Washington 10, D.C. 
Member of National Homo Study Council—National 

Council of Technical Schools—and Television 
Broadcasters Association 
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FLEXIBILITY 

NON -FRAYING 
.  _ 
COMPLETENESS 

OF LINE 

SMOOTH IN  80R 

DIELECTRIC STRENGTH 

PUSH-BACK 
QUALITY 

DIEFLEX PRODUCTS LIST 

MADE WITH BRAIDED COTTON 

SLEEVING BASE 

VTA Grade A-I Magneto Grade Varnished 
Tubings —VTA Grade B-1 Standard Grade 

Varnished Tubings —VTA Grades C-1 and 

C-2 Heavily Coated Saturated Sloevings — 

VTA Grade C-3 Lightly Coated Saturated 

Sleevings —Heavy Wall Varnished Tubings 

and Saturated Sleevings. 

IJEUL  
VARNISHED TUBING PRODUCTS 

features of Superiority 

0/fr 

0 0 0 

MADE WITH  BRAIDED  GLASS 
SLEEVING BASE 

VTA Grade A-I Magneto Grade Varnished 
Fiberglas Tubings —VTA Grade C-1 Extra 

Heavily  Saturated  Fiberglas  Sleevings — 

VTA Grade C-2 Heavily Saturated Fiberglas 

Sleovings —VTA Grade C-3 Lightly Saturated 

Fiberglas Sloevings —Silicone-Treated Fiberglas 

Varnished Tubings and Saturated Sloovings. 

INSULATION 
MANUFACTURERS CORPORATION 
*CHICAGO 6 

565 W. Washington 
Boulevard 
MILWAUKEE 2 

312 E. Wisconsin Ave. 

Local Stocks Available 

•••11.  • 

'4•14)1_,:6-"A00 

•CLEVELAND 14 

1231 Superior 
Aye., N.E. 

DAYTON 2 

1315 Mutual Horne 
building 

SU 

lectrical— 

ation • • • 

If you are trying to cut costs on elec-
trical assembly, be sure you are using the 
insulation that best meets your needs. 
Dieflex varnished tubing and sleeving has 
a proven reputation built on eight im-
portant points. Check them against your 
requirements: 

V Complete impregnation 
‘,/ Extreme flexibility 
V Non-fraying quality 
V Dielectric strength 
AI Completeness of line 
V Good push-back quality 
V Smooth inside bore 
V Uniformity of product 

Dieflex varnished tubing products are 
available in a wide range of types to meet 
every electrical insulation requirement. 
Every piece meets or exceeds VTA and 
ASTM standards. Ask about this supe-
rior insulation for your product. 

IMC Representatives 
DETROIT 2 -11341 Woodward Ave. • PEORIA 5 -101 Heinz Court 

MINNEAPOLIS 3 -1208 Harmon Place 

Authorized Distributors 
INSULATION and WIRES INCORPORATED 
St. Louis 3, Mo.  •  Atlanta 3, Ga.  • Boston 20, Mass. 

Detroit 2, Mich.  • Houston 2, Tex.  • Now York 7, N.Y. 

TRI-STATE SUPPLY CORPORATIONS 
Los Angeles 13, Cal. • San Francisco 7, Cal. • Seattle 4, Wash. 



Illtrasensitive RCA television camera tube cuts studio light requirements 90% 

Television finds drama in the dark 

— with new RCA studio camera 

Now television becomes even more ex-
citing as lights are dimmed, and the 
camera reaches deep inside studio shad-
ows to capture action as dramatic as any 
on stage or screen . . . 

A new studio television camera—de-
veloped by RCA scientists and engi-
neers—needs only 1/10th the usual light. 

The super-sensitive eye of the new 
camera is an improved Image Orthicon 
Tube. .. of the type once used only for 
broadcasts of outdoor events. With it, 
studio broadcasts now become sharper, 
clearer —and since so little illumination 

is needed, heat in the studio is sharply 
reduced. No more blazing lights! 

Such improvements come regularly 
from research at RCA Laboratories, and 
apply to all branches of radio, television, 
electronics, and recording. These im-
provements are part of your purchase 
of any product bearing the name RCA, 
or RCA Victor. 

• 
When in Radio City, New York, be sure to see 
the radio and electronic wonders at RCA Ex-
hibition Hall, 36 West 49th St. Free admission. 
Radio Corporation of America, RCA Building, 
Radio City, New York 20. 

RCA Victor home television re-
ceivers bring you every dramatic 
detail that the new camera catches. 
RCA's "Eye Witness Television" 
locks pictures in tune with the 
sending station. Let your dealer 
demonstrate. 

R A DI O C O R P O RA TI O N of A ME RICA 
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TOUR PRO'D'UCT 
CAN BE RADIO NOISE-PROOFED WITH C-D 

'MP  IM 

When we say Radio Noise-Proofed—we mean Radio 

Noise-Proofed. It's no trick at all to build a filter 

with high attenuation at 150 kc or 100 mc . . . but 

to build one which filters at 150 kc and 100 mc—as 

well as all points in between—is a horse of a differ-

ent color. We know because we've done it. It is 

only one of hundreds of available types of C-D 

Quietones designed for all standard requirements. 
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sAili o ro r 

Among these stuck types there may be one which 

will bring the interference level of your product 

down to the level of a rabbit's bark. If not, we 

invite you to make full use of our Radio noise-

proofing laboratory and our engineers for the de-

velopment of a unit designed for your specific needs. 

You- inquiries are cordially invited. Address: 

Cornell-Dubilier Electric Corporation, Dept. H10, 

South Plainfield, N. J. Other large plants in New 

Bedford, Worcester and Brookline, 

Mass., and Providence, R. I. 

Make Your Product More Saleable 

With C-D Quieton• Radio Noise 

Filters and Spark Suppressors 

1 9 1 0 1947 
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Even GREATER Accuracy 1 

This 504o-1 worm drive, equipped with o 31/2 
inch dial, is used for the fine setting adjustment. 
Backlash in the drive is kept very low by cutting the 
worm and its shaft from an integral steel shafting, 
eliminating eccentricity due to setscrews and misfit 

Two small, waxed steatite bars insulate the 
stator plates. A Figure of Merit (fIcoC') of 0.05 x 
!Cr" is mooed. Connection to the rotor is made by 
spring-tempered silver alloy brushes bearing on a 
silver-overlay brass disc. 

The worm shaft is held to a tolerance of 0.0004 
inch, radial eccentricity of the worm gear is less 
than 0.002 Inds. The main rotor shaft is held to a 
toferonce of 0.0005 incti and its bearing surfaces 
to 0.0002 inch. gall bearings are used on worm 
and main rotor shafts. 

4 

from this PRECISION CONDENSER 

L
°ng used as the standard of variable capacitance thoughout 
the measurements industry, the. G-R Type 722 Precision 

Condenser has recently had its guaranteed accuracy increased. 

All models of the Type 722 condenser are now supplied 
with a correction chart on the front panel. The Type 722-N 
Precision Condenser (illustrated) is direct-reading to +1 
ma. When the charted corrections are applied to the direct-
reading settings the accuracy is increased to +0.1% or +0.4 
)44f, whichever is greater, and correspondingly the accuracy 
for capacitance differences is +0.1% or +0.5 pa. 

SPECIFICATIONS 
• CAPACITANCE RANGE: 100 to 1100 µµf, direct reading 

• STANDARD CALIBRATION: Direct reading in µAd at 1 kc to +1 µµf. Mounted 

correction chart gives corrections to 0.1 A10 at multiples of 100 µµf 

• WORM CORRECTION CALIBRATION: For very precise measurements a worm 

correction can be supplied. When worm corrections are applied capacitance can 

be determined within ± 1 AO or ± 0.1 %, whichever is greater, and capaci-

tance differences to ±0.2..if or ±0.1 % 

• METALLIC RESISTANCE: Series resistance about 0.008 ohm at 1 Mc 

• SERIES INDUCTANCE: Approximately 0.024 ph 

• TEMPERATURE COEFFICIENT: Approximately ±0.O02' , per deg. C. for 

small changes 

TYPE 722-N PRECISION CONDENSER  $160.00 
Worm Correction Calibration  50.00 

GENERAL RADIO COMPANY 
Cambridge 39, Massachusetts 

New York  Chicago  Los Angeles 


